Chapter 2 Graphs and Functions

2.1 The Coordinate Plane

2.1 Practice Problems
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3. (xl,y1)=(—5,2); (xz,y2)=(—451)
d:\/(xz— 24 _)’1)2
—J<—4—< s)) +(1-2)’

12+ =J2=14

4. (xl,yl) (6 2) (x2 y2) (2,0)

(x3.33)=(L5)
\/(xz x1)2+( )

(2 6)2 (0-2)*

= J(-8)" +(-2)* =68
\/(x3 x1)2+( )
=\(1-6)+(5- )2
=\(=5)"+(3)" =

6.

ds—\/

- (3)2+<5)2 =m

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)=1/(60-0) +(0- 60)*

= /(60)* +(=60)* =/2(60)?

= 60~/2 ~ 84.85

e[ 20 (1.3

2.1 Basic Concepts and Skills

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;, ;)

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

d(P, Q)Z\/(xz ‘x1)2 +(y2 - yl)z-

The coordinates of the midpoint M(x, y) of the
line segment joining P(xl, yl) and

Q(xz, yz) are given by
_[XtXs Yty
(n )= (52, 2142 )

True

False. The point (7, —4) is 4 units to the right
and 6 units below the point (3, 2).
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74_
(=2,-5)® -5
(2,2):Ql1; (3, -1): Q4; (-1, 0): x-axis
(-2, -5): Q3; (0, 0): origin; (-7, 4): Q2
(0, 3): y-axis; (-4, 2): Q2

8. a. Answers will vary. Sample answer:
(=2,0), (=1,0),(0,0),(1,0),(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 .

9. 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.

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

at -3.
b. A horizontal line that intersects the y-axis
at 4.
11.a. y>0 b. y<O0
c. x<0 d x>0

12. a. QuadrantIII b. QuadrantI
¢. Quadrant IV d. Quadrant II

In Exercises 13—-22, use the distance formula,

d= \/(xz - x1)2 + (y2 - y1)2 and the midpoint

formula, (x,y)= (XI"'T)CZ’ 1 ;)&j .

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

2+2 1+5

b. M=( 21t ):(2,3)

4.8, d=y(-2-3)2+(5-52=(-52 =5

b, M= (wﬂ) =(05.5)
2 2

15.8. d =12 (-1)2+(-3—(=5))>
= \/32 +2% = \/B

b. M= (ﬂﬂ) =(0.5,-4)
2 2

16. 8. d = (=7 (=4))% +(-9—1)>
= (=32 +(-10)* =109

b. M= (_4 T 1+ (_9)j = (-5.5.-4)
2 2

17.a. d=yG3-(-1))> +(-6.5-1.5)
=42 +(-8)2 =80 =45

- =(—1+3’1.5+(—6.5))= (1-25)
2 2

18.a. d=1(1-0.5)7%+(-1-0.5)>

=(0.5)% +(-1.5)% =25 = g = @

M= (%%) = (0.75,-0.25)

19. a. d=\/(\/§—\/§)2+(5—4)2 iz =1

b. M =(M ﬂJ=(\/§,4.5)

)

208, d=+(v+w)—@-w)?+(—1)]

= \[(2w)2 = 2|w|
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b M =(w,ﬂj=(m

2 2

2l.a. d=+(k—0)>+(1—k)?

23.

24.

25.

= \/(kz —2tk+t2)+(t2

=212 —ark +2k2 = \/Z(IZ

=20 -k)? = |- k[N2

—2kt+k2)

—2tk+k2)

k k
b, (t+ +t)

2.8 d=y(-n-

m)2 +(—m— n)2

= \/(nz +2mn+mz)+(m2 +2mn+n2)
= \/2m2 +4mn +2n°

= \/Z(m2 +2mn+n2)

= \[2(m+n)2 = \/§|m+n|

b, M =(m+(—n),n+(—m)j

2 2

_(m—n n—m)

L2 2
P=(-1,-2),0=(0,0),R=(1,2)
d(P,0) = (0~ () +(0- (-2))* =5
d(Q,R) =1-0)> +(2-0)* =5
d(P,R) = \/(1— D)’ +(2-(=2))°

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

P=(-3,-4),0=(,0),R=3,4)
d(P,0) = (0~ (=3))> +(0- (~4))* =25
d(Q.R) =(3-0)2 +(4-0)2 =425 =5
d(P,R) =3 - (-3)> + (4 - (-4))?

=6%+8% =100 =10
Because d(P, Q) + d(Q, R) = d(P, R), the points
are collinear.

P=(4,-2), Q_(l 3),R=(-2,8)
d(p,Q)= Jl 4’ +(3-(-2)* =34
d(Q,R)=\/(—2—1) T 8-3? =34

26.

217.

28.

29.

30.

31.

d(P,R) = \/(—2—4)2 +(8-(-2))

_JC6) 4107 = 136 = 234

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

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

P=(-1,4),0=3,0,R=(11,-8)
d(P.0)=\(3- (D) +(0-4)* =442
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=(-3,75,R=(-7,8)
d(P.0)=\[(-3-1) +(7.5-7)? =16.25

d(Q.R) = (=7 —(-3))% + (8- 7.5)>
=+/16.25

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’ M):(_z, 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+0 4+8

2,2)(16)

Thus, the three points are (-3, 2), (-2, 4), and
(-1, 6).
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32,

33.

34.

35.

36.

37.

38.

First, find the midpoint M of PQ.
- 4+(-12
M= 8+16’ +( ) :(4’ _4)
2 2
Now find the midpoint R of PM.
- 44+ (-4
R| 84 (-4) _(-2,0)
2 2
Finally, find the midpoint S of MQ.
—4+(-12
s[4r16 (-12) _ (10, -8)
2 2
Thus, the three points are (-2, 0), (4, —4), and
(10, -8).

2

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

The triangle is isosceles.

d(P.0)=[(6-3)* +(6-2)> =5
d(Q,R)z\/—1—6 +(5-6) =5v2
d(P,R)=[(-1-3)? +(5-2)* =5

The triangle is an isosceles triangle.

d(P,0)=(0- () +(7-
d(0,R) =\(-3-0)> +(5-7)° =13

):17

A(P.R) = (3= (4)’ +(5-8)" =0
The triangle is scalene.
d(P,0)=(-1-6)> +(-1-6)* =742

d(Q,R) = \/(—5 D) +(B=(=D) =42
d(P.R) =[(-5-6)> +(3-6) =130

The triangle is scalene.

d(P,0) =(9-0) + (=9 (-))* =145
d(Q,R)=\/(5—9 +(1-(-9))° =229
d(P,R)=\/(5—0 ) +(1-(-1)* =29

The triangle is scalene.

d(P.Q) = (4 (~4))* +(5-4) = /&5
d(Q.R)=(0-4)* +(-2-5)* =65
d(P,R) = \/(o —(-4)) +(-2-4)" =213

The triangle is isosceles.

39.

40.

41.

d(P,0Q) = \/(—1— 1)> +(1- (D) =242
d(Q.R) = \/(—ﬁ - (—1>)2 +(—3- 1)2
= 3-23+1)+(3+ 243 +1)

=\8= 2[

AP R) = (3 -1) +(~F- D)
=\/(3+2J—+1)+(3—2\/§+1)
=8 =212

The triangle is equilateral.

d(P,0) = \/ ~1.5-(=0.5))" +(1- (=1))*
=5
2
NG
—(—1.5)) +(7—1J

((¥3-1)

((ﬁ 1) +3(V3-1)+ 2.25)
u

(

d(Q.R) =

z
|

——\/§+1)
) 3—2J§+1+3J§—3+2.25)
- +(1.75-43)
=5

((«/5 1)2 +(v3 —1)+0.25)

(o]
d(P,R) = +(§_(_l)j

+(%+\/§+1J
= [(3-2v3+1+43-1+0.25)

+(175+43)
=5

The triangle is equilateral.

First find the lengths of the sides:
d(P,Q) = \/ -1-7)° (3—(—12))2 =17
d(Q.R)=+[(14~ (- 1)
d(R,S) = \/(22 14)*
d(S,P) = \/(22

+(11-3)" =17
+(-4-11)* =17
Y4 (-4-(-12)) =17

(continued on next page)
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(continued)

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))* = 1742
d(0,S) = \/(22— (D)’ +(-4-3)> =1742

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

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

)

[\

d(R.S)=J(1-8) +(-11-(-12))* =2
d(S.P)=\(8-7)2 +(-10~ (-11))* =2

All the sides are equal, so the quadrilateral is

either a square or a rhombus. Now find the
length of the diagonals.

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

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

3. 5=\(x-2)2+(2- (D)
=Vx?—dx+4+9 =

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

4. 13=12-10) +(y-(=3)
=144+ y2 +6y+9
=y>+6y+153 =

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

45. P=(-5,2),0=(2,3),R =(x,0) (Ris on the
x-axis, so the y-coordinate is 0).

d(P,R)=(x-(=5))* +(0-2)*
d(Q.R) = (x—2)2 +(0-3)2

J=5) +(0-2)* =Jx-22 + (0-3)2
(x+57+(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 (—%,OJ .

46. 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)2 +(y-(=4)
d(0.R) =(0-8)% +(y—-3)>

-7+ (y- )’
= 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

y=7

The coordinates of R are (0,;) .

2.1 Applying the Concepts

47. Y
350

300 o *°
— {

,5250 s ® °*

5200— ®

=

%150—

& 100

50—
0 | | | | | | | | |
1975 1985 1995 2005 2015 x
Year

200042012 282+ 314)
2 0 2
= (2006, 298)

The midpoint of the segment gives a good
approximation to the actual value, about 300
million.

48. M=(
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49.

50.

51.

52.

53.

54.
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There were about 15,771 murders in 2009.

2009 is the midpoint of the initial range, so

228 +320

M2009 = = 274 .

2008 is the midpoint of the range
[2007, 2009], SO M2008 =

228+274

=251.

5S.

56.

2010 is the midpoint of the range

274 +320

[2009, 2011], 50 M 5,0 = =297.

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

2008 is the midpoint of the initial range, so

548 +925

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

548 +736.5

M2006 = = 64225 .

2005 is the midpoint of the range
[2004, 2006], so

548 +642.25

Mz()()s = =595125 .

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

642.25+736.5

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

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

Denote the diagonal connecting the endpoints
of the edges 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 £ also form a right triangle, so

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

equation, we obtain a>+b>+cr=h2.

72 e
Z
a
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57.a. v

16

Middale
12 [

8

4 |~ @ Dullsville Pleasantville
[}

(-
0 4

[ I Y
8§ 12 16 20 x

b. d(D,M)= \/(800— 200)? + (1200 — 400)>

=1000

d(M, P) =+/(2000—800)2 + (300 — 1200)
=1500

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

c. d(D,P)= J(zooo —200)? + (300 — 400)>

58.

= /3,250,000 = 500/13

=1802.78 miles

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

c=+24+10> =26.
After t seconds, the length of the rope is
26 — 3t. Now find the distance from the boat

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

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

V576 -156t +9t° = x

2.1 Beyond the Basics

59.

The midpoint of the diagonal connecting (0, 0)
a+b

and (a + b, ¢) is ( ,%) The midpoint of

the diagonal connecting (a, 0) and (b, c) is

also (a ; b ,%) Because the midpoints of

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

(b, c) (a+Db,c)

A\

070 @0

60. 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

(£¥j =(3.5.3.5) . The midpoint of

2
DC = (3,5,3'5)=(x_+3,y_+8}
2 2
x+3
So we have 3.5=T:>x=4 and
35—%’8: y=-1

The coordinates of D are (4, —1).

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

ﬁ,ﬂ =(2.5,5.5). The midpoint of
2 2 P

DB = (25.5.5) =(x+5 ,y—”j.
2 2

So we have 2.5=XT+5:>x=0 and

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

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

(%,4—;’23} = (4,6) . The midpoint of DA
is (4,6) = (x-;2 ,y—+3j So we have
x+2 y+3

4:

= x=06 and 6:T:>y:9.
The coordinates of D are (6, 9).

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

and (x, y) is (%,%j . The midpoint of the

diagonal connecting (a, 0) and (b, c) is
(#,%). Because the diagonals bisect each
other, the midpoints coincide. So

X _a+b

= x:a+b,andZ:£:>y:c.
2 2 2

Therefore, the quadrilateral is a parallelogram.
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62. a. The midpoint of the diagonal connecting

63.

64.

(1,2) and (5, 8) is (?,#j =(3,5).

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

,—j =(3,5). Because the
2 2

midpoints are the same, the figure is a
parallelogram.

The midpoint of the diagonal connecting

(3,2) and (v, y) is (3;x,2;yj. The

midpoint of the diagonal connecting (6, 3)

and (6, 5) is (6, 4). So 3+Tx:6:>x=9

+
and Y

=4=y=6.

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

J@-02+©0-0)2=a. QR=PS=

\/((a+b)—a)2+(c—0)2 =vb? +c2.

The sum of the squares of the lengths of the
sides = 2(a’ +b° +¢?).

d(P,R)=+(a+b)* +c>.
d(0,S) = \/(a ~b)’ +(0-0)>.

The sum of the squares of the lengths of the
diagonals is

((a+b)2+cz)+((a—b)2+c2)=

2 2

a’>+2ab+b*+c*+a*-2ab+b*+c% =

2a% +2b% +2¢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 (ﬁ éj
yp 2 ) 2 .

a 2 b 2
d(Q,M)Z (G—E) +(0—5
/(0)2 ( bjz a? +b?
= — +| —— -
2 2 2

65.

66.

o5 ()
d(RM)=,/|0—-=]| +|b——
2 2

-

2 2

aoanmfo-5] ofo-3f
4

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

Y.
R(0, a)

.
P Q(a, 0) ¥
Using the Pythagorean theorem, we have

cz=a2+a2=>c2=2a2=>c=x/§a=>

1 2

a=—=c=—-c

2 2

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

).
C

A B(a, 0)

D

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

BC? =0B*+0C? = (2a)* = a* +0C? =
4a’> =a’> +0C? = 34> =0C? = 0C =3a
Thus, the coordinates of C are (O, \/3_’61) and

the coordinates of D are (0, - \/ga).
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2 2 2 2
o (s 2] o)

2 2 2 2
2 2 2x -2 2y, =2
d(C’B)z\/( x13+x2_x2j +( ylgyz_yz) =\/( B xz) +( B yz)

\/(xl ‘x2)2 +(y - y2)2 N \/(2x1 —2x2)2 +(2y —2y2)2

d(A,C)+d(C,B) =

3 3
=\/(x1—x2) 3+(y1—y2) +2\/(x1‘x2)3+(yl—Y2) =\/(xl_x2)2+(y1—y2)2

d(A,B) = \/(xl —x) (0 - 3,)°
So A, B, and C are collinear.

2 2
d(A,C):\/(xl_xzj2+(h—)’2)2 =\/(x1—x2) + (3= 72) =%d(A,B).

3 3 3

d(A,D): (XI_M) +(y1_y1+2y2j — (2x1+2x2) +(2y1+2y2j
3 3 3 3
2 P 2 5
X, +2x vy +2y Pr— Y-y
d(D.B) = || X2 | [ NT2Ya j=(1 2j+ =,

Yo +20) +@n+200) flx-n)’+
3 3
2\/(x1 - x2)2 +(yy - y2)2

= +
3 3

- \/(xl —x2)2 +(n-y,) =d(A, B)

So A, B, and C are collinear.

2 2
d(A’D)z\/(2x1+2x2j2+(2y1—2y2j2=2\/(x1+x2) + (31 +2) =§d(A’B)'

11— y2)2

—~

d(A,D)+d(D,B) =

3 3 3
2x+x, _2(-D+4 2 68. v
3 3 3
21ty _22)+1_5 0(x. 72)
3 3 3 |y2 =1
xp+2x, —1+2(4) 7 M(x, y)
= == — 10, y)
3 3 3 P(x1, y)) |2 = x]
y1+2y2=2+2(l)=i [y =l
3 3 3 — o S(x )
25 |x = x|
The points of trisection are (—,—) and
33 0 X
(Z , i) To show that M is the midpoint of the line
33 segment PQ, we need to show that the

distance between M and Q is the same as the

distance between M and P and that this

distance is half the distance from P to Q.
(continued on next page)
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(continued)

Thus, we have MP = %PQ .

Similarly, we can show that MQ = %PQ .

Thus, M is the midpoint of PQ, and

_[XitX ity
@”0_( 2 2 j'

2.1 Critical Thinking/Discussion/Writing

69.

70.

71.

72.

73.

74.

F e F B F R TR

g o

y-axis

x-axis

The union of the x- and y-axes
The plane without the x- and y-axes
Quadrants I and III

Quadrants IT and IV

The origin

The plane without the origin
Right half-plane

Upper half-plane

Let (x, y) be the point.

The point lies in if
Quadrant I x>0andy>0
Quadrant IT x<0andy>0
Quadrant IIT x<0andy<0
Quadrant IV x>0andy<0
y
=5 |
0 X

(=) (+,-)

2.1 Maintaining Skills

75. a.

76. a.

717. a.

78. a.

79.

80.

81.

82.

N

83.

84.

X

Jx

X

[

[

X

[

X

4

(x=1)> +(y+2)" =[(-1) 1] +(1+2)’

+32=449=13

(x=1)> +(y+2)> = (4-1)* +(2+2)°

=32+42=9+16=25

u:£+ﬂzg+i=1—1=0
y 2l 3 2 -3
+u:_—4+H:_—4+§:—1+1:0
y |4 3 43

B S O B

y -1 -2 -1 2

=-1+(-1)=-2
M=E+H=§+ 1+1=2
y 3 2

-6 2
x2—6x+(7j =x>-6x+32

=x2—6x+2

—8)?
X2—8X+(7) =x? —8x+42

=x2—8x+£
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2.2 Practice Problems

1.

y= —x2+1
x y= -’ +1 (x,y)
-2 y=—(-2)"+1 (-2, -3)
-1 y=—(-1)"+1 (-1,0)
0 y=—(0)7+1 (0, 1)
y=-(1y+1 (1,0)
2 y=—-(2)+1 2,-3)

To find the x-intercept, let y = 0, and solve the
equation for x: 0= 202 43x-2=

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

. 3 —_
x-axis: x> = (—y) =x%= —y3, which is not

the same as the original equation, so the

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

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

is symmetric with respect to the y-axis.

.. 2 3 C .
origin: (—x)” =(-y)" = x*=-y>, whichis
not the same as the original equation, so the
equation is not symmetric with respect to the

origin.

y=—t*+77t* +324

a. First, find the intercepts. If 7 = 0, then

y =324, so the y-intercept is (0, 324).
If y = 0, then we have

0=—1*+77t* +324
t*=771* -324=0
(t2 —81)(12 + 4) =0
(c+9)(r=9)(:* +4)=0=1=-9,9, 42
So, the r-intercepts are (=9, 0) and (9, 0).
Next, check for symmetry.

t-axis: —y = —t* +77t% + 324 is not the

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

yaxis: y=—(-1)" +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=—1*+77t% + 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, ¥). However, the graph pertaining to
the physical aspects of the problem consists
only of those values for > 0.

t y=—'+717+324| ()

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) 2.2 Basic Concepts and Skills

Y 1. The graph of an equation in two variables,
2000 such as x and y, is the set of all ordered pairs

000 (a, b) that satisfy the equation.

LYLLiritll

¢

[
g .
o
0 |—
~

If (-2, 4) is a point on a graph that is

8—6—4-2 0
1000 symmetric with respect to the y-axis, then the
point (2. 4) is also on the graph.
—2000
3. If (0, -5) is a point of a graph, then -5 is a
b y- intercept of the graph.
.Y
2000— 4. An equation in standard form of a circle with
1800
1600 center (1, 0) and radius 2 is (x — 1)2 +y2=4.
1400 A
1(2)88 5. False. The equation of a circle has both an

800 x2-term and a y2 -term. The given equation
600
400

200

does not have a y2 -term.

[ O R ;
T 2343578910 6. False. The.graph beloyv is an example F)fa

graph that is symmetric about the x-axis, but
c. The population becomes extinct after 9 does not have an x-intercept.

cars.
y -'_'_'_'_'_,_,—t—'

6. The standard form of the equation of a circle ]
is (x—h)?+(y—k)?=r?

(h, k)= (3, -6) and r = 10 S

The equation of the circle is

(x— 3)2 +(y+ 6)2 =100. In exercises 7—14, to determine if a point lies on the
graph of the equation, substitute the point’s
7. (x- 2)2 +(y+ 1)2 =36= (hk)=(2,-1),r=6 coordinates into the equation to see if the resulting
This is the equation of a circle with center statement 1s true.
(2, —1) and radius 6. 7. on the graph: (-3, —4), (1, 0), (4, 3); not on the
y graph: (2, 3)

8
[

%—\ 8. on the graph: (-1, 1), (1, 4), (—%,OJ : not on
2_
RN (ANISERRER\ IE .

—S——{20-« 4 6§ 10x the graph: (0, 2)

—4F 2 -D 9. on the graph: (3, 2), (0, 1), (8, 3); not on the
= graph: (8, -3)

I

—8

1
10. on the graph: (1, 1), (2,—);not on the graph:
8. x2+y2tdx—6y—12=0= &rap 2 grap

X +4x+ y2—6y:12 (0, 0), (_351J
Now complete the square: 3
2 2 —
X tdxtdtyt-6y+9=12+4+9= 11. on the graph: (1, 0), (2,«5),(2,—«/5);n0t0n
2 2
(x+2)"+(y-3)"=25 the graph: (0, -1)
This is a circle with center (-2, 3) and 12. Each point is on the graph

radius 5.
13. a. x-intercepts: -3, 3; no y-intercepts

Copyright © 2015 Pearson Education Inc.
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b. Symmetric about the x-axis, y-axis, and 26.
origin.
14. a. No x-intercepts; y-intercepts: —2, 2
b. Symmetric about the x-axis, y-axis, and
origin.
15. a. x-intercepts: —3, 3; y-intercepts: —2, 2
b. Symmetric about the x-axis, y-axis, and
origin.
. ) 27. y
16. a. x-intercepts: —3, 3; y-intercepts: —3, 3 6 (,6)
Symmetric about the x-axis, y-axis, and e
origin. 0.0 L0
. . T N/ Y I
17. a. x-intercept: 0; y-intercept: 0 6 -4 -2 gL 2 4 6%
L-2¢ -
b. Symmetric about the x-axis. gl
18. a. x-intercepts: —z, 0, 7; y-intercept: 0 -3.-64 _¢L
b. Symmetric about the origin. 28 y
. . 3
19. a. x-intercepts: —3, 3; y-interceps: 2
2
b. Symmetric about the y-axis. @ ]()3 +13)
! .
0,0 }
. 3z 7w & 3w L (|) ! |(1’0|5)
20. a. x-intercepts: ——, ——, —, —; I —— 2 3
2 2 2 2 1 0s)
y-intercept: 2 (-2, —1;1 i S
. . -2
b. Symmetric about the y-axis. (=3, -1.5)
_3 —
21. a. No x-intercept; y-intercept: 1
b. No symmetries 29. 1{) b
22. a. x-intercept: 1; no y-intercepts (=3.9) z_ 3.9
b. No symmetries Us
6 f—
23. a. x-intercepts: 0, 3; y-intercept: 0 5+
. . (-2,HQ 4 $2.9
b. Symmetric about the x-axis. 3
2 —
24. a. x-intercept: 0; y-intercept: 0 R4,
[ N N NV 7 A
b. Symmetric about the x-axis, y-axis, and -5 -3 -1 13 5Xx
origin. ©.0)
25. y 30. L 99
5 -5 -3 -1 | 3 5x
-L-D ; 1,-1n
; iy
73 —
L0 ©,1) J (=2,-4)e —4r- 2, -4
LM sk
= 3 01 3 5%
Lo 6k
L 4
-3+ ry
AN (-3.-9¢ -9 3.-9)
(-3.-2) -5 ok
y
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31.
32.
33.
34.
35. y
5_
(0,4)
(—1L3)#3-&(1,3)
2_
1= 2,0
l (’|)| l
—10[ 1 35
e
_2_
73_
4
-5 (CR))
_6_
7k
36. hJ
T
6
(-3,5) 5 (3,5)
4
3_
2
-2,0 1
|(| 1) | |
-5 =3 10 5
—1
(=1,-3)

37.

38.

39.

40.

41.

42,

a, 1
|

(2,1.26)

(3, 1.44)

(=3, —144)\ |2

(=3, 1.44)

[

1 2 3
11-0.0)
(-2,-126)| 3|

=L-D
_4_

<

(=2,1.26) |

IS
I

-1, 1 I~ (0,0)
L1 1 1 |

|
4 x

[ —
—4-3-2-1 01 2 3 4%x

R
=1

—4 =
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43.

44.

45.

46.

47.

48.

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

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

To find the x-intercept, let y = 0, and solve the
equation for x: §+g =1= x=35. To find the
y-intercept, let x = 0, and solve the equation
0 vy
fory: —+==1=y=3.
y 573 Yy

The x-intercept is 5; the y-intercept is 3.

49.

50.

51.

52.

53.

54.

5S.

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% - 50)+6= x=6.

To find the y-intercept, let x = 0, and solve the
equation for y: 0= y2 -5y+6=>y=2o0r

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

To find the x-intercept, let y = 0, and solve the
equation for x: x2+0%=4= x=142.

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: 0 =+v9— x? = x=43.

To find the y-intercept, let x = 0, and solve the
equation for y: y=+v9 - 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= Vax?—1= x=+I.

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

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

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

There is no x-intercept; there is no y-intercept.
To find the x-intercept, let y = 0, and solve the
equation for x: 0= x>
112 —4()(1) 1443
= = , which
2 (1) 2
are not real solutions. Therefore, there are no

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

y=0>+0+1=1.
There are no x-intercepts; the y-intercept is 1.
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56.

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

*+3x(0)+0° =1= x* = 1= x =1. To find

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

0 +3y(0)+y’ =1=y’ =1= y=1.

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

In exercises 57-660, to test for symmetry with respect
to the x-axis, replace y with —y to determine if (x, —y)
satisfies the equation. To test for symmetry with
respect to the y-axis, replace x with —x to determine if
(=x, y) satisfies the equation. To test for symmetry
with respect to the origin, replace x with —x and y
with —y to determine if (—x, —y) satisfies the equation.

57.

58.

59.

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

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

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

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

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

—x=(-y)?> +1= —x=y? +1 is not the same

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

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

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

y=(—x)3—x:> y=—x3—x:>
y= —(x3 + x) is not the same as the original

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

—y=(=x x> -y=-x—x>
—y=—(x>+x)= y=1x+x, so the equation
is symmetric with respect to the origin.

60.

61.

62.

63.

—-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)% - () = y= 25 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(-x)’ ()= -y=2x"+x=
—y=—2(x3—x)=> y=2x3—x,sothe
equation is symmetric with respect to the
origin.
—-y= 5x* +2x? is not the same as the
original equation, so the equation is not
symmetric with respect to the x-axis.
y= 5(—)6)4 + 2(—)6)2 = y= 5x%+2x2, so
the equation is symmetric with respect to the
y-axis.

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

equation is not symmetric with respect to the
origin.

2

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

original equation, so the equation is not
symmetric with respect to the x-axis.
y=-3-0°+2(-0)* + (-x0)* =

y= “3x0 +2x* + xz, so the equation is
symmetric with respect to the y-axis.

—y =30 +2(-0)* + (x)* =

—-y= =3x8 +2x* + x? is not the same as the

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

—-y= —3x7 +2x7 is not the same as the

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

y= 31> +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.

—y=-3(-x)° +2(-x)° = —y=3r" -2 =
—-y= —(—?a)c5 + 2x3) =y= 350 +2x% 50
the equation is symmetric with respect to the
origin.
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64. -y= 2x% - |x| is not the same as the original 71. X2+ (y- D2=4

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

y= 2(—x)2 - |—x| = y= 2x% - |x| , SO the

equation is symmetric with respect to the

. | |
y-axis. -2 \-! 0/2

—-y= 2(—x)2 —|—x| = -y= 2x2 —|x| is not
the same as the original equation, so the b

equation is not symmetric with respect to the
origin.

s 5 . 72. (x-Dr+y%=1 y
65. x(—y) " +2x(-y)=1l=>x"y " -2xy=11s 15k

not the same as the original equation, so the |

equation is not symmetric with respect to the
X-axis. 03
L {0 |

(07 Y +2(-x)y=1=x"y* - 2xy=11is ol o5 T 15 25
not the same as the original equation, so the —0.5

equation is not symmetric with respect to the ik

y-axis.

0292+ 20y =1=

- o . 73, (x+D)P+(y-2)7 =2
X"y~ +2xy =1, so the equation is symmetric

with respect to the origin.

66. x> +(-y)2=16= x> +y% =16, so the
equation is symmetric with respect to the
X-axis.

(—x)2+y2=16:>x2+y2:16,sothe

equation is symmetric with respect to the
y-axis. 74. (x+2)2+(y+3)°=7 7

(02 +(=y)? =16= x>+ y2 =16, so the
equation is symmetric with respect to the
origin.

For exercises 67-80, use the standard form of the

equation of a circle, (x—h)? +(y—k)* = r?.

67. Center (2, 3); radius =6
68. Center (—1, 3); radius = 4 75. Find the radius by using the distance formula:
d=\(-1-3)% + (5 (~4)* =07 .

The equation of the circle is
(x=3)2+(y+4*=97.

69. Center (-2, -3); radius = \/ﬁ

70. Center l,—g) ; radius = ﬁ
22 2
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76. Find the radius by using the distance formula:
d=(-1-2)* +(1-5)> =425 =5 . The
equation of the circle is
(x+D%+(y-1?=25.

y

2.5)

=11
o
T I I

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

x-1D2+(y-2?%=4.
y

5
4
3_
2
1

(-
-2-10 1 2 3 4 X

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

(x=D2+(y-2)%=1. y3_
2.5
2
1.5
b
05
A N BN
0l 051 152 X

79. Find the diameter by using the distance
formula:

d=\/(—3—7)2+(6—4)2 =104 =226 .

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

M = (7 +;_3) ’i;j =(2,5). The equation

of the circle is (x—2)% +(y—5)? =26.

—_—

VWAL O O\ =T

[
-4 -2 0

]
i

80.

81. a.

Find the center by finding the midpoint of the

diameter: C = (%, _32+ 5) =5, 1)

Find the length of the radius by finding the
length of the diameter and dividing that by 2.
d=2-8)2+(=3-5)% =100 =10

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

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

—(2.-3)

x2+y2—2x—2y—4=0=>
x?—2x+y*-2y=4

Now complete the square:

X =2x+1+yr -2y +1=4+1+1=
(x—1)? +(y—1)> =6. This is a circle with
center (1, 1) and radius \/E .

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

x-D2+0-D2=6=(x-1) > +1=6=
(x=1°=5=x-1=+/5= x =15
Thus, the x-intercepts are (1+\/§ R 0) and
(1-+5.0).

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

O-D%+(y-D>=6=1+(y-1)’=6=
(y=1)=5=y-1=+/5= y=1%5
Thus, the y-intercepts are (0, 1++/5 ) and

(0. 1-45).
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82. a.

83. a.

84. a.

x2+yr—4x-2y-15=0=>

x?—4x+ y2 -2y=15

Now complete the square:

X —4x+4+y?-2y+1=15+4+1=
(x—=2)% +(y—1)? =20. This is a circle
with center (2, 1) and radius 2\/5 .

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=+J19 = x=2%19

Thus, the x-intercepts are (2+ \/E s 0) and
(2-+19,0).

To find the y-intercepts, let x = 0 and solve
fory: (0-2)>+(y-1)?=20=

44(y-1D2=20=(y-1) =16=
y-1l=t4=y=-3,5

Thus, the y-intercepts are (0, —3) and (0, 5).

20242y  +4y=0=

2(x2+y2+2y)=0=> x2+y2+2y=0.
Now complete the square:

24242y +1=0+1= x2+(y+ D% =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+)2=1=x>=0=x=0
Thus, the x-intercept is (0, 0).

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

02 +(y+1)?=1= y+l=%1=y=0,-2

Thus, the y-intercepts are (0, 0) and (0, —2).

3x2+3y? +6x=0=

3(x2+y2+2x)=0=> xz+2x+y2 =0.
Now complete the square:

X2 42x+1+y2 =0+1= (x+ D2 +y2 =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=21=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: (0+l)2+y2 =l= y2 =0=y=0
Thus, the y-intercept is (0, 0).
85. a. )cz+y2—x=0=>xz—x+y2 =0.
Now complete the square:
x? —x+l+ y? =0+l=>
4 4
1Y 5 1 .
x——| +y°=—. This is a circle with
2 4
1 |
center | —,0 | and radius —.
2 2
b. To find the x-intercepts, let y = 0 and solve
2
for x: x—l +0? :l:> x—l:il:>
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 2 1 1
O-=| +ty ===y " +—-=—=
( 2) Y EYTY YT,
y2 =0=y=0.
Thus, the y-intercept is (0, 0).

86.a. x> +y’>+1=0=x>+y%>=—1. The
radius cannot be negative, so there is no
graph.

b. There are no intercepts.
2.2 Applying the Concepts

87. 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|.

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

Jax=12+(y=2)? while the distance from

Pto(3,—4)is (x—3)2 +(y+4) .
So the equation of the graph is

Ja-D2+(r-22 =Jx-3)+(y+4)2 =
x-D2+(y-22=(x-3)+(y+4)* =

(continued on next page)
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(continued)

x2—2x+1+y2—4y+4=

x2—6x+9+y2+8y+16:>

2x—4y+5=—6x+8y+25=
5

1
4x-20=12y = y=—x——.
y=y 3573

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

N (x— 2)2 + y2 while the distance from P to

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

1S

«/(x—2)2+y2 =|x|=>()c—2)2+y2 =x’=.

X —4x+4+ y2 =x’= y2 =4x-4=
ﬂ = y_2 +1=x
4 4
90. 2004 is the midpoint of the initial range, so
JPARNE LS
2002 is the midpoint of the range
[2000, 2004], so M 5pp0 = @ =160.5.
2006 is the midpoint of the range
[2004, 2008], s0 M 5396 = % =209.5.

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

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

P =-0.5(-4)? —3(—4) +8 = $12 million.
b. Since July 2012 is represented by 7 = 0,

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

P =-0.53)>-3(3)+8=-%$5.5 million.
This is a loss.

E/II

|
=)
|
n
|
N}
[
o =
(== =1
T T TTT
3,
/
o b
-

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

3% J(3)2 - 4(-0.5/8) _3+425
2(-0.5) -1
=2o0r-38
The r-intercepts represent the months with
no profit and no loss. In this case, t = -8
makes no sense in terms of the problem, so

we disregard this solution. t = 2 represents
Sept 2012.

e. To find the P-intercept, set ¢ = 0 and solve
to P: P=-0.5(0)>-3(0)+8 = P =38.

The P-intercept represents the profit in July
2012.

92. a. P
200 -
19.5
19.0
18.5
18.0

17.5
17.0 |- P=-0.0027 +0.51t+17.5

T 000
o]

1 2 3 4 5 6t

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

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

93.a. | 1 | Height= —16:% +128¢+320
0 320 feet
1 432 feet
2 512 feet
3 560 feet
4 576 feet
5 560 feet
6 512 feet
b. Y
ool ¥="106r"+1281 +320
400
200~
[ R
of 2 4 6 8 1\ t
—200+
c. 0<¢<10
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d. To find the r-intercept, set y = 0 and solve 97. ’
for t:
0=—161> +128 +320 =
0=-16(t> -8t —20) =
0=(—-10)t+2)= t=100rt=-2. 9 v
The graph does not apply if 7 < 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: 08 y
y =—16(0)? +128(0) + 320 = y = 320. )
This represents the height of the building. %
94. a. d ~40, 2
a d=31-3 2 3
200~ 0 ) *
100~
[ R I [
0] 10 20 30 40 50 6§ 70 80 7
—100|-
ok 99, x2+y2-4x+2y-20=0=
x? —4x-i—y2 +2y=20=
2 _ 2 _
b, 0<f<60 X" —4x+4+y " +2y+1=20+4+1=

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

2.2 Beyond the Basics

95.

96.

Li[k /N

x-22+(+D?=25

So this is the graph of a circle with center

(2, -1) and radius 5. The area of this circle is
257 x*+y? —4x+2y-31=0=

x2 —dx+ y2 +2y=31=

X —4x+4+y? 42y +1=31+4+1=
x-22+(+D?*=36

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

the area of the region bounded by the two
circles equals 367 — 257z =117x.

); ¥2+y?—4x+2y-31=0

5

N
Ny .
o

X2 4y2—4x+2y-20=0
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100.

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

C(0, k) o

_4w_/4 X
).

_4/_\1
o

C(0, k) ¢

Use the Pythagorean theorem to find &.
k*+47 =5 =k*+16=25=k>=9=
k=23

The equations of the circles are

x? +(yi3)2 =52

2.2 Critical Thinking/Discussion/Writing

101.

102.

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

graphs of y=+/2x and y=—+/2x.
y

Let (x, y) be a point on the graph. Since the
graph is symmetric with regard to the x-axis,
then the point (x, —y) is also on the graph.
Because the graph is symmetric with regard to
the y-axis, the point (—x, y) is also on the
graph. Therefore the point (—x, —y) is on the
graph, and the graph is symmetric with respect

to the origin. The graph of y = x° is an

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

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

d(A,B)=(6-0)2+@8-1)2 =85 =

The center of the circle is

(6+0 1+8)_(32j
272 o)

So the equation of the circle is
2
9 85
x=3)+|y-=| ==.
(x=3) (y 2) 2

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

2
(x—3)2+(0—2j _8
2 4
(x—3)2+%:%:>x2—6x+9=1:>
x2-6x+8=0

The x-intercepts are the roots of this
equation.

First find the radius of the circle:
d(A,B)=+(a-0) +(b-1)>

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

2
The center of the circle is

(a+0 b+1)_(g b+1j
2 72 272

So the equation of the circle is

a)’ b+1V a2+ (b-12
X—— + y-— = .
2 2 4

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

2 2 2 2
(x—%) +(O_b+1j _a +((b-1)

2 4
2 2 2 Y
xz_ax+a_+(b+1) _a +(kb-D
4 4 4

4x* —dax+a® +b* +2b+1=a* +b* - 2b+1
4x> —dax+4b=0
xX—ax+b=0
The x-intercepts are the roots of this
equation.
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c¢. a=3andb = 1. Approximate the roots of 1-2 -1

the equation by drawing a circle whose 106. 22 4

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

2-(-3 5 1
The center of the circle is E,l and the 107. ( ) =—=——
2 3-13  -10 2
radius is é The roots are approximately 108. _3-t = 2_1
2 -2-(-6) 4 2
(0.4, 0) and (2.6, 0).
11 1
2 4 4 _ 18 2
109. ———"<=—=——=—
3 (17574575
8 4 8

EI
4 __4a_(_L)go_3
110, - ..( J(3)_
3

11 )V
2 6
A
111. A=P+Pri=P(l+r)=P=
104. a. The coordinates of the center of each circle L+t
are (, r) and 3r, 7). 112. 2x+3y=6=3y=6-2x=
Y 6—2x 2
y= =2—-—x
3 3
r r r °
, T} IS SN S YD SN IVERY Y
2 5 2 5 2
* 2
b. To find the area of the shaded region, first 4. y-2- E(x +1)=0=
find the area of the rectangle shown in the 2 2 2 2 8
figure below, and then subtract the sum of y=2+ E(x +1)=2+ 37" + 373" + 3
the areas of the two sectors, A and B.
y 115. ax+by+c=0=by=—-ax—c>
__a_ ¢
T

116. 0.1x+02y-1=0=>x+2y-10=0=
2y=—x+10= y=-0.5x+5

Aee = 7(2r) = 202 117. —% 118. %
2
AsectorR = AsectorS =Z” r 3 3
1 1 119. 5 120 ~2
Ashadedregion =2r° _(_ﬂrz +_7[r2)
4 4
1 V.4 2+é 1
=2r2——ﬂr2=(2——)r2 121, — 4=_i=_2‘2=_£
2.2 Maintaining Skills 2 2
5 3 19
5-3 2 1 i
105. ——=—=— ( ) -7
6-2 4 2 12, 6 V412 D
2 1 S5
3 4 12
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2.3 Lines

2.3 Practice Problems

_3-(3)_.8
-7-6 13
A slope of —% means that the value of y

1. m

decreases 8 units for every 13 units increase
in x.

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

+3———x—£=> ——g)c—E

Y 37T T3
3. m=ﬂ=__10=5

-3-(-1) -2

Use either point to determine the equation of
the line. Using (-3, —4), we have
y—=(-4)=5[x—(-3)]= y+4=5(x+3)=
y+4=5x+15= y=5x+11

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

4. y-y zm(x—xl):> y—(—3)=2(x—0)
point-slope form
y—(—3)=2(x—0)=>
y+3=2x=y=2x-3

2
5. The slope is 3 and the y-intercept is 4. The

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

y
1

0
8
6

_
(=]
o~

=

HENG:2)

L1
20
-2

/

[ 111
10x

LLllLLL
—8—6—4—

o
.
(o))

—4
—6
-8
—10

TTTTTTTTTTOTT

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.
y
10
8- y=7

SIS
I

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

y= —%x+6 . The slope is —% , and the

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

O=—%x+6=>6=%x=>8=x.Thus,the

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

y
10
8

4

2
LIl

-8-6-4-20
-2

TTTT AT
3

— =)
)

A

=

=]
=

M_
=
~F

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_A4_4
2-5 -3 3’
Using the point-slope form, we have

slope of the line is m =

y—5=%[x—(—2):|:>3y—15=4(x+2):>
3y—-15=4x+8=4x-3y+23=0
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b. The slopes of perpendicular lines are
negative reciprocals. Write the equation
4x+5y+1=0 in slope-intercept form to

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

5y=—4x—1:}y=—%x—é.’rhe SIOPCOf

. . .. .5
a line perpendicular to this lines is —.

Using the point-slope form, we have

y=(4) =2 (=3 = 4y +4)=5(x-3) =

4y+16=5x—-15=5x-4y-31=0

10. Since 2014 is 8 years after 2006, set x = 8.
Then y = 0.44(8) + 6.70 = 10.22
There were 10.22 million registered
motorcycles in the U.S. in 2014.

2.3 Basic Concepts and Skills

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

line is called the slope.
2. In the slope formula, m = 227N , the
X2~ X

number y, — y; is called the rise.

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

4. The y-intercept of the line with equation
y=3x-5is-5.
. . . . 1
5. A line perpendicular to a line with slope 3
has slope 5.
6. True
7. False. The slope of the line through (1, 2) and

4-2
2, 4)is =2.
2,4 > 1

8. False. The slope of the line through (1, 3) and

@, y)is z_f =y—3.Ify> 3, then the slope
is positive.
9. m= E = %; the graph is rising.
0-4 -4

10. =——=—=-2; the graph is falling.
"T2207 2 £rap £

11. m= 2-(2) = 12 0; the graph is

-2-6 -8

horizontal.

12. m= 1= = u = slope is undefined; the
-3-(3) O
graph is vertical.
13. m= 3572 755 —2.2 ; the graph is
3-05 25
falling.
14. m= % = :—1 =1; the graph is rising.
5-1 4
15. m=+——=——==—=4;the graphis
(1+v2)-v2 1
rising.
3V3-0 333
16. m= = =—; the graph
(1++3)-(1-43) 243 2
is rising.
17.a. /{4 b. ¢, c. 0y d. 7,
18. ¢, passes through the points (2, 3) and
0-3
-1, 0). =—7>=1.
L O-m, =7

£, is a horizontal line, so it has slope 0

{5 passes through the points (2, 3) and

-1-3

0, -1). =—2=2

©=D-me, =575

£, passes through the points (=6, 7) and
-1-7 4

0, -1). = =——.

O =556 " 73

19.a. y=0 b. x=0

~8-6-4-2 0

—4
-6
-8
-10

I
2 4 6 8 10x

TTTTTTTTTT T
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y
0
8

6
(=2,5)

2
LIl

1
22. L
y=-5x

7

—-8-6—-4-20
-2

—10

23. y—l=—%(x—2):> y—l=—%x+3:>

y
'X_
N4
3
2_
TE\en
I O |

3
=——x+4
y 2x

o

Ny .
[=))

/

|
W
T T T T

|
2

4

25. y+4=0x-5)=>y+4=0>y=—4

6 X

26.

27.

29.

30.

31.

32.

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

y
4

3
2

1_

L1 1 |

-3-2-10] 1
_1_

o
w =
=
=

S, —4e

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

the equationis y =—-x+1.

3-1

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

equationis y=2x+1.

m= 33 =0 Because the slope =0, the
3-(-1)
line is horizontal. Its equation is y = 3.
7-1 . Lo
m= =—. Now write the equation in
2-(=5

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

6 6 30
—l=—(x+9) = y-l=—x+—=
y 7(x )=y PR

S0
YT
m= =D = g 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 3(x )=y 3513

.
R
m= ) = —— . Now write the equation
6-(=D

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

6 6 6
+3=——(x+)= y+3=--x-—-=
y 7(x )=y 7%
-5 2
YETET
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5 17 50. ¢, passes through the points (2, 3) and
33. m= 4 _ 4 _ _Z. Now write the (-1, 0) and has slope 1. Its equation is
0—1 _l 2 y—O=x—(—1):>y=x+1
2 2
equation in point-slope form, and then solve ¢ z has sloI?e 0, and passes through (=3, =4),
for y to write the equation in slope-intercept s0 its equation is y = —4.
7 7 ¢ 5 passes through the points (2, 3) and
form. y-2= YT Y=o +2 (0, —1) and has slope 2. Its equation is
y=2x-1.
4. me= 3; (;r7) _ % — the slope is undefined. ¢, passes through the points (=6, 7) and
- 4 L
So the graph is a vertical line. The equation is (0, —1) and has slope 3 Its equation is
x=4.
4
35. x=5 36. y=15 y=-3*-L
37. y=0 38. x=0 1
51. x+2y-4=0=>2y=—x+4=y=——x+2.
39. y=14 40. y=2x+5 2
The slope is —1/ 2, and the y-intercept is (0, 2).
41, y= —gx 4 42. y=-6x-3 To find the x-intercept, set y = 0 and solve for
3 x: x+2(0)-4=0=>x=4.
- y
43. m= 4-0 =£; y=—x+4 3
3 f—
. m=0_2_(5) __g’ y=-5xo2 T 11\1 |
-9 —5-4-3-2-10[ 1 23 NG
45. y=7 46. x=4 -2t
73 —
47. y=-5 48. x=-3 —4+
75 f—
49. Two lines are parallel if their slopes are equal.

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

1-5 -
a. m£22g27:_2:€2”€1
b. mg, =g=—%.The slope of ¢, is

neither equal to the slope of ¢ nor the
negative reciprocal of the slope of 7.
Therefore, the lines are neither parallel nor

perpendicular.
4-3 1
c. =——=—=/(,1/
LTy T

52.

x=3y—9:>x+9=3y:>y=%x+3

The slope is 1/3, and the y-intercept is (0, 3).
To find the x-intercept, set y = 0 and solve for
x: x=30)-9=x=-9.

L1 1 | L1 1 |
—-4-3-2-10{ 1 2 3 4 x
_l._

-2
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53. 3x—2y+6=0:>3x+6=2y:>%x+3=y.

54.

55.

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.

4
4
3,

2

1

|
w
I

2x=-4y+15=2x-15=-4y=
IIUREN.

2 4
The slope is —1/2, and the y-intercept is
15/ 4 . To find the x-intercept, set y = 0 and

solve for x: 2x=-4(0)+15= x=15/2.

Y
0

8
\i
2

-6 -4 -2

P

46 sy

[

-4

—6

x=5=0=>x=5
The slope is undefined, and there is no
y-intercept. The x-intercept is 5.

4
.
2
1

56.

57.

58.

59.

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.

x=0

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

y=0

The slope is 0, and the x-intercepts are the
x-axis. This is a horizontal line whose
y-intercept is 0.

e

The slope of the line through (a, 0) and (0, b)

is b=0 = —2. The equation of the line can
0-a a

be written as

b
y=b=——x=ay—ab=-bx=
a

ay+bx=ab=—+ —=1

a  bx_ab_ ¥, X
ab ab ab b a
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60. 12 1 67. The line with x-intercept —4 and passing
. =+ =
4 3 through (%, 9) has slope
9-0 9 .
61. 2x+3y=6z>ﬁ+3_y=§=>f+l=1; m=———=——=2. Then the line
6 6 6 3 2 7= (-4) 9/2
x-intercept = 3; y-intercept = 2 1
perpendicular to this line has slope ——. Since
62. 3x-4y+12=0=3x-4y=-12= 2
Sx 4y 12 - XY the line also passes through (%, 9), its
_.12 -2 12 . 4 3 equation is
x-intercept = —4; y-intercept = 3
g1 1 L3
63. Let the intercepts be (a, 0) and (0, @). Then the YTrTT5 (x 2) = V= 2 ot 4
equation of the line is 24221 Now ) o 4
a a 68. The line through the origin has slope 7= 2.
bstitute x = 3 and y = -5 into th tion t
substituite X 3 a;l Y tto the equation fo Then the line parallel to this line also has
solvefora: = ——=1=3-5=g= 2=a. slope 2. The line passes through (-2, 0), so its
a « equation is y—OzZ(x—(—Z)):y:2x+4
. . .oXx Yy
So the equation of the lineis ———=—=1= . . . .
2 69. Both lines are vertical lines. The lines are
—Xx—y=2=y=—x-2. parallel.
64. Let the intercepts be (a, 0) and (0, —a). Then 70. x =0 is the equation of the y-axis. y=0 is
h ’ fthe lineis -2 1. N the equation of the x-axis. The lines are
e equation of the line is ——==1. Now :
q a a perpendicular.
substitute x = -5 and y = -8 into the equation 71. The slope of 2x+3y =7 is —2/3, while
to solve for a: . . . .
5 8 y =2 is a horizontal line. The lines are
-——+—=1=-5+8=a=3=a. Sothe neither parallel nor perpendicular.
a a
ion of the line is ~—2 =1 72. The slope of y=3x+1 is 3. The slope of
equation of the line 1s 3 3 = 6y+2x=0 is —1/3. The lines are
x—y=3=>y=x-3. perpendicular.
- 73. The slope of x=4y+8 is 1/4. The slope of
65. m= o-4 = 3 =1. The equation of the line P . y . / P
7-2 5 y=-4x+1 is —4, so the lines are
through (2,4) and (7,9)is y—4=1(x-2)=> perpendicular.
y =x+2. Check to see if (-1, 1) satisfies the 74. The slope of 4x+3y =1 is —4/3, while the
equation by substituting x =—-1 and y = 1: . . .
l=—1+2=1=1. So (1, 1) also lies on the slope of 3+ y =2x is 2. The lines are neither
line. The points are collinear. parallel nor perpendicular.
3-2 -5 . . 75. The slope of 3x+8y =7 is —3/8, while the
66. m= -7 5 1. The equation of the line slope of 5x—7y =0 is 5/7. The lines are

through (7, 2) and (2, -3) is
y=2=1(x—7)= y=x-5. Check to see if
(5, 1) satisfies the equation by substituting
x=5andy=1:

1=5-5=1=#0.

So (5, 1) does not lie on the line. The points
are not collinear.

76.

77

neither parallel nor perpendicular.

The slope of 10x+2y =3 is —5. The slope
of y+1=-5x isalso =5, so the lines are
parallel.

. a. Use the point-slope form.

y=(-3)=3(x-2)= y+3=3x-6=
y=3x-9
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b

78. a.

79.

80.

81.

82.

. The slope of the line we are seeking is 2.
Using the point-slope form, we have

y=2=2(x—(-1))= y-2=2(x+1)=
y=2=2x+2=y=2x+4

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

Using the point-slope form, we have

y—(—5)=—(x—(—2)):> y+5=—(x+2):>

y+5=—x-2=y=-x-7

The slope of the given line is
2-(-1) 3

5=

are seeking is —%. Using the point-slope

form, we have

y—(—2)=—%(x—1):> y+2=—%x+l:>

3

=——Xx——
Y=T3T3

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—I=-(x-D)= y-1l=-x+1=
y=-x+2.

The slope of y =6x+35 is 6. The lines are

parallel, so they have the same slope. The
equation of the line with slope 6 and y-
intercept —2 is y=6x-2.

The slope of 3x—9y =18 is 1/3. The lines
are perpendicular, so the slope of the new line
is —3. The equation of the line through (-2, 4)
with slope =3 is y—4=-3(x—(-2))=
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, 0)

with slope —1/2 is y—Oz—%(x—O):

=——x.
Y=

=1 3, so the slope of the line we

83.

84.

85.

86.

The slope of the line y =6x+5 is 6. The
lines are perpendicular, so the slope of the
new line is —1/6 . The equation of the line
with slope —1/6 and y-intercept 4 is

1
=——x+4.
776

The slope of —2x+3y—7=0 is 2/3. The

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

2 2 2
slope 2/3is y—-0==(x-1)=> y=—x——.
pe 2/3 is y 3(x )=y 3x 3

The slope of AB is 3-5 =-=

2-(-1)

slope of its perpendicular bisector is % The

, So the

midpoint of AB is

(2503

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

301 33
S U P R AV SN
Y 2(x 2) YTEELTY

3B
Y=Y

b—
The slope of AB is Z = -1, so the slope of

its perpendicular bisector is 1. The midpoint
of AB is a+b, bta .

2 2
Using the point-slope form, the equation of
the perpendicular bisector is

b+a a+b
=X—

2 2

=y=x

2.3 Applying the Concepts

87.

88.

rise 4 1
slope = — = —=—
run 40 10

4 miles = 21,120 feet. slope = — =
run

2000 25
21,120 264

89. a. x = the number of weeks; y = the amount of

money in the account after x weeks;
y=T7x+130
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The slope is the amount of money d. Using the points (0, 9) and (10, 1), the
deposited each week; the y-intercept is the lope | 9-1 _ 0.8
initial deposit. slope 1s 0-10_ -
90. a. x = the number of sessions of golf; y = the y-9= —O.S(x -0)= y=-08x+9
yearly payment to the club; y =35x+1000 . .
e. The slope gives the machine’s yearly
The slope is the cost per golf session; the depreciation, —0.8(1000) = —300.
y-intercept is the yearly membership fee. 96. 2. v=—1400(2)+ 14,000 = $11,200
91. a. x = the number of hours worked per week;
y = the amount earned per week; b. v =-1400(6) + 14,000 = $5600
11x x <40 To find when the tractor will have no value,
Y=116.5x=220 x> 40 set v = 0 and solve the equation for :
To compute the salary when x > 40, use the 0=-1400+14,000= 7 =10
following steps: For 40 hours, Judy earns 97. y=>5x+40,000
40(11) = $440. The number of overtime
hours is x — 40. For those hours, she earns 98.a. C=025x+30
(1.5)(11)(x — 40) = 16.5x — 660. So her total b c
wage is 440 + 16.50x — 660 = 16.5x — 220. ) 150
The slope is the hourly wage; the _ ;33
y-intercept is the wage for 0 hours of work. S s
92. a. x = the number of months owed to pay off 2(5)
the refrigerator; y = the amount owed; T T I
0] 100 200 300 400 x
y=-15x+600 Miles
The slope is the amount paid each month; c. y=0.25(60)+30=9$45
the y-intercept is the down payment.
d. 47.75=0.25x+30= x =71 mil
93. a. x = the number of rupees; y = the number of . . fues
dollars equal to x rupees. 99. a. The year 2005 is represented by 7 = 0, and
the year 2011 is represented by t = 6. The
Y =537~ 0186k points are (0, 2425) and (6, 4026). So the
. 40262425
The slope is the number of dollars per slope is ———— = 260.8
rupee. When x=0..y=0. The equation is y — 2425 = 266.8(1 - 0) =
94. a. x = the number of years after 2010; y = the y = 266.8¢ + 2425
life expectancy of a female born in the year
2010+ x; y=0.17x+80.8 b. ¥
- 8000
The slope is the rate of increase in life 2 y=266.8:+2425
expectancy; the y-intercept is the current % 60001
life expectancy of a female born in the U.S. g 4000
in 2010. § 2000
95. The y-intercept represents the initial value .
: 5 10 15 1
of the machine, $9000. Veurs afior 2000
The point (10, 1) gives the value of the c. The year 2008 is represented by 7 = 3.

machine after 10 years as $1000.

The value of the machine decreased from
$9000 to $1000 over 10 years. This is a

decrease of 90001000 _ 8000 _ $800

10 10

per year.

So y=266.8(3)+2425= y=32254.
Note that there cannot be a fraction of a
person, so. there were 3225 women
prisoners in 2008.
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100. a.

101. a.

The year 2017 is represented by 7 = 12.
So y=266.8(12) +2425 = y =5626.6.
There will be 5627 women prisoners in
2017.

The two points are (100, 212) and (0, 32).
So the slope is 212232 = 180 = 2
100-0 100 5
The equation is

F—32=§(C—0)=>F=§C+32

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

degrees Fahrenheit.

C F= %C +32
40°C 104°F
25°C TI°F
-5°C 23°F

-10°C 14°F

100°F = %C +32= C=37.78 = 38°C

90°F = %C +32=C=3222=32°C

75°F = %C +32= C =23.89 = 24°C
-10°F = %C+32 = C=-23.33=-23°C

—20°F = %C +32= C =-28.89 = -29°C

97.6°F = %C +32= C=36.44°C;

99.6°F = %C +32= C =37.56°C

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

Let x =°F =°C. Then x:%x+32:>
4
—gx =32= 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 6

=23.1.

The equation is y —348.8 =23.1(x—10) =

y=23.1x+117.8

102. a.

C.

400
350
300
250
200
150
100

50

Y
0] 123456738

(10, 348.80)

O -

101112 x

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

y=23.112)+117.8 = y = $395

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

8§-5 3
The equationis y—5.73=0.18(x-5) =
y=0.18x+4.83.

=0.18.

The slope is

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

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

103. The independent variable ¢ represents the

104.

105. a.

number of years after 2005, with £ =0
representing 2005. The two points are
(0, 12.7) and (3, 11.68). So the slope is

12.7-11.68

p—127=-034(t-0)= p=-0.34r+12.7.
The year 2013 is represented by ¢ = 8.
p=-034(8)+12.7= p=9.98%.

=-0.34 . 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

s 84.2-82.7 _ L5 —03.
5 5
The equation is y = 0.3t +82.7.
LinReg
g=ax+h
a=-
b=12.4
y==2x+124
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(0, 6, 1] by [0, 12, 1]

c. The price in the table is given as the
number of nickels. 35¢ = 7 nickels, so let

x=7. y=-2(7)+124=-1.6

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

106. a. |[LinEe3

y=0.09x+10.3

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

c. The advertising expenses in the table are
given as thousands of dollars, so let

x=700. y =0.09(700)+10.3=73.3

Sales are given in thousands, so
approximately 73.3 1000 = 73,300
computers will be sold.

2.3 Beyond the Basics

107.a. LetA=(0,1),B=(1,3),C=(-1,-1).
o3l o1-3 4
ABZ_o TUBCT 11 2

-1-1
Myc = 10" 2 . The slopes of the three

segments are the same, so the points are
collinear.

b. d(A,B)=+1-02+3-D2=4+5
d(B.C)=(-1-D% +(-1-3)? =25
d(A,C)=(-1-0)2 + (-1-1)% =5

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

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

0-05 0.75-0
2700 osmy. = ~-05
MaB =5 MBC =05,
0.75-0.5
= 05
MAc =051

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

2
b. d(A,B)=\j(l—2)2+(%—0) = §=£

4 2
2 2
sis.0r= (12 +[3-0)

45 345
N6 4
2 2
e
2 4 2
5 5
“\16 4

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

109. Since the points are collinear, the slope is the
same no matter which two points are used to
determine the slope. So we have

c-1  -2-1 c—-1_ -3
1-(=5) 4-(5) 6 9
9(c-1)=-18=9c-9=-18=
9c=-"9=c=-1

110. Since the points are collinear, the slope is the
same no matter which two points are used to
determine the slope. So we have

n_, 1
2 :6—5:> 2 :l:}
c-2 4-2 c¢c-2 2

1 1
= 2(c-2)=2
20c-2) 2 (=2)=2=
2c0-4=2=2c=6=¢c=3

4-1 3 _ 8—-4 2
ST e oy Ty
The product of the slopes = —1, so

AB 1 BC, and the triangle is a right
triangle.

111- a. WLAB =
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112.

113.

114.

b. d(A.B)=+(-1-1D%+@-1*=+13
d(B,C)=\(5- (1) +8-4)7 =52
d(A,C)=G-1)>+@8-1)2 =65
(d(A,B))’ +(d(B,C))” = (d(A,C))?, so
the triangle is a right triangle.

I T N T o S
BT 5T T3 2
2-1_3  _=2-(-) 1
3 5T LT T 2
So, AB||CD and BC || AD, and ABCD is a
parallelogram.

Mmcp =

The equation of ¢, is y =m x+b; and the
equation of ¢, is y =m,x+b,. Let (x;,y)
and (x,,y,) beon ¢. If ¢, || ¢, then the
distance between them is b; — b,. In other
words, (x;,y, — (b —b,)) and
(xz, y2 —(by —bz)) areon £,. So,

= (b =by) = myx; +by =y — by = myx; =

yi = myx; +b,. However, (x;,y,) lieson ¢,.

d(A,0) = x* +(mx)* =x* +m x
d(B,0)= (mzx)2 \lx +m2 x?

d(A,B) = \/(x— )c)2 + (mzx— mlx)2

Apply the Pythagorean theorem to obtain

2 2
( 2\ _ 2 2.2
mzx—mlx) = X +m1 X
2 2.2 2
+( X +m2 X )

2
(mz.x_ml.x) = x2 + m12x2 + x2 + m22x2

m22x2 - 2m1m2x2 + m12x2 =

[\S]

x2 + ml x2 + x2 + m22x2

X% (my —my)* = x*(m* +1) + x2 (my* +1)
m22 - 2m1m2 + m12 = m12 + m22 +2
_2m1m2 =2= mym, = -1

115.

116.

117.

Let (x, y) be the coordinates of point B. Then
d(A,B)=125= \/(x— )2+ (y-2)?% =
(x=2)%+(y-2)? =156.25 and

4 y-2
myp == = A=) =3y-2)=

y= %x - % Substitute this into the first

equation and solve for x:
2
(x-2)2+ (ix —gj -2| =156.25
3 3

2
(x-2)° +(ix—§j =156.25
373

x —4x+4+36 2 o4 +69—4:156.25

9x2 —36x+36+16x% — 64x + 64 = 1406.25
25x% —100x —1306.25= 0
Solve this equation using the quadratic formula:

100 +4/100° - 4(25)(~1306.25)

2(25)
_ 100+ 410,000 +130,625
50
+. +
_ 100 £ 4/140,625 _ 100+ 375 —950r —5.5
50 50
Now find y by substituting the x-values into
the slope formula: 4 =2 2 =y=12 or
3 95-2
4 =2 2 = y = —8. So the coordinates of
3 -55-2

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

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

X— x2

y=y2

=y =y ==(x=x)(x = x) =
(x=x)(x=2x2)+(y=y)(y=yy)=0.

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

(x2 +6x+9)+(y2 —14y+49)=1+9+49:>
(x+3)°+(y=7)* =59

(continued on next page)
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(continued)

(x2—4x+4)+(y2+10y+25)=2+4+25

(x=2)*+(y+5)* =31

The centers are (-3, 7) and (2, -5).

Using the result from exercise 116, we have
(x-(-3) (x-2+(y-7)(y - (-5)) =0=
(x+3)(x—2)+(y—7)(y+5)= 0=

x> +x-6+ y2 -2y-35=0=
x2+y2+x—2y—41=0

118. /é,
P(=5, 12)
0(0, 0)

_12-0_ 12

Mor= 5207 s
Since the tangent line ¢ is perpendicular to

OP , the slope of ¢ is the negative reciprocal of

—% or % Using the point-slope form, we

have

5 5
y—12—E[x—(—5)]:> y—l2—E(x+5):>

5 25 5 169
y-12=—x+—=y=—x+—
12 12 12 12

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

X2+ y2 =25 is (0, 0), so the slope of the

radius is _3 and the slope of the tangent is

4
3 Using the point-slope form, the equation

of the tangent is

y—(—3)=%(x—4)=>y+3=%x—?:>
Ay
T3

120. The tangent line at a point is perpendicular to
the radius drawn to that point. First, find the

center of x* + y2 +4x—-6y—-12=0.

x2+yl+4x-6y-12=0=

(x2 +4x+4)+(y2 —6y+9)= 12+4+9=
(x+2)*+(y-3)*=25

The center of the circle is (-2, 3). The slope of

the radius is 7=3 = 4 and the slope of the

1-(2)

.3 . .
tangent is -1 Using the point-slope form,

the equation of the tangent is
3 3 3
—T=—(x-1)=y-T=-"x+->=
y L=y PR
3 31

y=——x+—.

47 4
121.

Flokl Flotz Flotz

=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.

122.
Flobl Flokz Flobs

=M EEE+E
wMeE2E+E

wMaEdE+E %
wMyB-ZE+2

wNMeB -dE+2

“MNE=

M=

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

123.

Flokl Flotz Flokz
~HMiEECE-100
MBI CHE-1
~HMrESE-1
SMyB-FckH-10
SHMeB-SoH-10
“MNE=
M=

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

Ll e S S

124.

Flokl Flotz Flotz ;
SMIEECEFL 2 -2

WMNMeBICE+1 -2

WMNMrEoOE+1 0 -2

SMyB-IckR+l -2
SNMeB-SoHE+l -2

A
M=

The lines pass through (-1, —2). The lines
have different slopes.
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2.3 Critical Thinking/Discussion/Writing

125. a. y
5

X=72x+2
L1 N\ L1l
)\ 3 5x

-5 -3 0
1

y=-2-3\|
-3
y=—2x—___|
75._

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

b. y
\ ?: /y—3x4
LN P
=5 =3 \LO 3 5 x
N
y=-4 -

-\ y=—2x—4

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

126. y=m1x+bl}=>m1x+b1=m2x+b2=>
y=myx+b,
b, —
=22 by
my —my

a. If m;y>m, >0 and b, >b,, then
by=b __b-b

my —my my—my

X =

b. If m; >m, >0 and b; <b,, then
by —b

X = .
my —my

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

m—my My —m

X =

d. If m; <m, <0 and b; <b,, then
by=b __by—b

X = = .
my —my my —nmy

2.3 Maintaining Skills

127. x*-x-2=0= (x-2)(x+1)=0=
x=2,-1
Solution set: {-1, 2}

128. x*+2x-3=0= (x+3)(x-1)=0=

x=-31
Solution set: {-3, 1}
2
129. Lxl-'ﬁ=0=>x2+5x+6=02>
o

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

2_ _
130. 6;6 x-1_ . (Bx+1)(2x-1) PN
x —x-12 (x—4)(x+3)
11
3x+1)(2x—-1)=0 =——, =
(Br+1)(2x-1)=0=r=-3. 5
Solution set: {—l, l}
32
131, x> -5x+6>0= (x-3)(x-2)20
Now solve the associated equation:
(x=3)(x-2)=0=>x=3o0orx=2.
So, the intervals are
(<o, 2], [2. 3].and [3,0).
Interval Test Value of Result
point x> —5x+6
(—eo, 3] 0 6 +
5 1
[2, 3] 3 -5 -
[3,20) 5 6 +

The solution set is (—eo, 2]U[3,).

132, 2l s XEEER2 0
x+2 x+2
2x+120
x+2

Now solve 2x+1:0:>x:—% and

x+2=0= x=-2.
So the intervals are

(. =2). (2. =3] and [~ ). The

original fraction is not defined if x = -2, so -2

is not included in the intervals.

(continued on next page)
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(continued)
Interval Test Value of Result
point -2x+5
x—2
(-0, =2) | -3 5 +
1
(2-1] ] - N :
1 1
-3 =) 0 2 +

The solution set is (—oo, - 2) U

133. l[ ! —l}=
hlx+h x

N

)
X B x+h |

:x(x+h) jc(x+h)
—(x+h)

1
h
1
Z_ x(x+h)
1
h

:x(;-}ll-h)}:_x(xih)

134, _(x+h)2+x2=—(x2+2xh+h2)+x2
h h
=#=—2x—h
135. V5 - J—x/§+f 5-2
30 ez 3(v5 +42)
3 1
(x/§+x5)_x/§+x/§

o rraor Jxraeds (1+2)-

2 Sx+2+0x (\/x+2+\/;)
2

B 2(m+x/;)
|

2.4 Functions

2.4 Practice Problems

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

{1, 2}. The relation R is a function because

no two ordered pairs in R have the same first

component.

b.

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

2) 5
2

3

2. Solve each equation for y.

a.

2t -yl =1= 2 -1=y? =

++/ 2x%-1= v ; not a function

x—2y=5:>x—5=2y:>%(x—5)=

a function
2(0)=-2(0)>+5(0)=0
¢(-)=-2(-1) +5(-)=-7

g(x+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)

6. f(x)=

a.

=(2)(22) = 44 sq. units

f (x) = \/ll—ix is not defined when

1-x=0=x=1 orwhenl—-x<0=1<x..
Thus, the domain of f'is (—oo,l).

fx)=* +§ is not defined when the
—

. x+2
denominator equals 0 or when <0.

xX—

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

X—
the domain of f. The denominator
x—3<0= x <3, so all numbers less than
or equal to 3 are not in the domain of f. Thus,
the domain of fis (—eo, —2]U(3, ).

xz, domain X = [-3, 3]

f(x)=10=x? =10 = x=+/10 = 3.16

Since \/E >3 and —\/E < =3, neither
solution is in the interval X = [-3, 3].
Therefore, 10 is not in the range of f.
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b. f(x)=4=>x’=4=>x=12 9. "
Since —3 < -2 < 2 < 3, 4 is in the range of f. or
c. The range of fis the interval [0, 9] because rad
for each number y in this interval, the number CLagl y=hx)
x=4/y isin the interval [-3, 3]. Ll |/|N\\x L1111
-6 —4 f2 0[}y2 4 6 X
7. b) Ll -
(-3,-2) L
_4 —
b [ ]
I Domain: (-3, «); range: (-2, 2]U{3}
[ ]
° T 0 P 10. The range of C(¢) is [6, 12).
1 1
T C(ll):EC(10)+6:5(11.988)+6:11.994.
11. From Example 11, we have AP = \/5002 +x2
The graph is not a function because a vertical and PD =1200— x feet. If ¢ = the cost on land
line can be drawn through three points, as '

the total cost C is given by
C=1.3c(PD)+c(AP)
8. y=f(x)=x"+4x-5 =1.3¢y5002 + x2 +¢ (1200 - x)

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

7222 +4(2)-5 b. R(x)=2500x
7=7v
The point (2, 7) is on the graph.

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

c. P(x)=R(x)—C(x)
= 25002 — (1200x +100,000)
b. Lety= -8, then solve for x: =1300x — 100,000

8=x’+4x-5=0=x>+4x+3=> .
0=(x+3)(x+1)=x=-3orx=-1 d. The break-even point occurs when
The points (-3, —8) and (-1, —8) lie on the c (x) =R (x) ’
graph. 1200x + 100,000 = 2500x

100,000 =1300x = x = 77

¢. Letx=0, then solve for y: Metro needs 77 shows to break even.

y=0%+4(0)-5=-5

) ) 2.4 Basic Concepts and Skills
The y-intercept is —5.

d. Lety=0, then solve for x: 1. In the functional notation y = f (x), x is the
0=x2+4x-5=0= (x+5)(x-1)= independent variable.
x=-5Sorx=1 2. If f(-2)=7, then -2 is in the domain of the

The x-intercepts are =5 and 1. function f, and 7 is in the range of f.

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

4. 1f (3, 7) and (3, 0) ar both points on a graph,
then the graph cannot be the graph of a function.

5. To find the x-intercepts of the graph of an
equation in x and y, we solve the equation y = 0.
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3 _ _3f . :
6. False. For example, if f (x) = l, thena =1 28. x+y’=8= y=v8-x;afunction
X
and b = —1 are both in the domain of f. : _ _ 2 _ 2
However, a + b = 0 is not in the domain of 1. In exercises 29-32, f(0)=x"~3x+1, g(x) = NP
7. True. —x =7 and the square root function is and h(x)=+2-=x.
defined for all positive numbers.
—02_ —
8. False. The domain of fis all real x for x > -2. 29. f(O)= 02 3O)+1=1
Values of x < -2 make the square root 2(0) = —== g(0) is undefined
undefined. Jo
9. Domain: {a, b, c}; range: {d, e}; function h(0)=v2-0= V2
2
10. Domain: {a, b, c}; range: {d, e, f}; function fla)=a _3;1 +1 ,

11. Domain: {a, b, c}; range: {1, 2}; function fED) =07 =30 +1=x+3x+1
12. Dom'flin: {1,2,3}; range: {a, b, c,d}; not a 30. f(1)=12—3(l)+1=—l;g(l)=i=2;
function \/I

13. Domaip: {0, 3, 8}; range:{ -3,-2, -1, 1, 2}; not h(l) = [h—1= Lg(a) :i;
a function \/E
14. Domain: {-3, -1, 0, 1, 2, 3}; 2(x?) = 2 _2
range: {8, -3, 0, 1}; function Jx2 |x|
15. x+y=2= y=-x+2; afunction 5
31. f-D=CD)"=-3(-D+1=5;
16. x=y—-1= y=x+1;afunction ) ' ]
g(=1)= —\/_1 = g(=1) is undefined;
1 . —
17. y—;,afunctlon h(=1) = 2= (=) = 3:h(c) = 2=
1 . h(=x)=+2-(—x) =~2+x
18. xy=-1= y=——;a function
X
32. f(4)=4>-34)+1=5g(4) = % =1
19. y2:x2:>y:i\/x2:>y:ix;nota ) _
function h(4) =2-4 =2 = h(4) is undefined;
2
20. x=|y|= y=xory=—x;nota function 8§2+k)= ;
N2+k
1 . fla+k)=(a+k)?>=3@+k) +1
21. y= ; a function
YT xs =a* +2ak +k* =3a -3k +1
. 2(0)
22, y= ; a function 33.a. f(0)= =0
X2 -1 V4-0?
23. 2—-y=3x= y=2-3x;afunction b, f(l)= 2(1) _i_z\/g
' Ja-i2 33
24, 3x-5y=15=y =%x—3; a function
c. f(2Q)= 2@ = i = f(2) is undefined
2 2
25. x+y“=8= y==2+8—x;notafunction 4-2 0
26. x=y>= y=+/x ory=—/x;nota function d. f(_z)zz(;z)z:%‘: f(-2)is
4-(-2)
27. x4+ y3 =5=>y= J5-x? ; a function undefined
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34.a.

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

36.

37.
38.
39.

40.
41.
42,

43.

44.

e. f(=x)=

2(—x) 2x 45. The denominator equals O if x =—1 or x = -2.

b, g()=2()+V12—4 = g()
. g2)=20)+V2*-4=4

§(=3)=2(3)+(-3)2 -4 =—6+5
e g(-x)=2-x)+y(-0)? -4

=—2x+\/x2—4

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

A=()(r@)+1)(r(2)

=1(3)+(1)(6) =9 sq. units

o i

2(0) =2(0)+v0% —4 = g(0) is undefined

x2

The domain is (-0, -2) U (=2,-1)U (=1,0) .

46. The denominator equals O if x =-2 or x = -3.

The domain is (—o0,-3)U (=3,-2) U (=2, 0) .

47. The denominator is not defined for x = 0. The
domain is (—oo,0) (0, =0)

is undefined

48. The denominator is defined for all values of x.
The domain is (—eo,0) .

49.

(=1,
[

y

Hell-e(l,1
| |

a function

®(3,2)

)
L 11

50.

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

height of the right rectangle is
f()=1?+2=3.

A=(1)(£(0)+1)(r (1))
=1

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

The denominator is not defined
domain is (—oo,9) (9, )

The denominator is not defined
domain is (—o0,—9)J (-9, 0)

The denominator is not defined

(=1,
[

(—2,-2)e® -

UG S

y

Helle(,1
L1 |

°(2,-2)

not a
function

(=2,-2)® -

51. Y

for x =9. The

for x =-9. The

for x=—1 or 52. b

x = 1. The domain is (—e,—1) U (=1,1) U (1, ).

The denominator is not defined

x=2. The domain is (—o0,-2)U(=2,2) U (2, ).

forx =-2 or

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

domain is [3,c0)

The denominator is not defined
domain is (—o0,4)

for x > 4. The
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53. ¥ : not a J14
/ function x=-1% -~
/ i The x-intercepts are | —1— E, 0| and
Q box 2
\ [_1 + E’ OJ
i 2
54. Y : a function 5
! 62.a. 10=-3 (—2) - 12(—2) = 10=12, whichis
i false. Therefore, (-2, 10) does not lie on the
| graph of f.
0 i
\/ * b. f(x)=12, so solve the equation
i 3x? —12x=12.
| SBxl-12x=12= X +dx=-4=
55. f(-)=-2f(-D=Lf3)=5f05)=7

56.
57.
S8.

59.

60.

61.

g(=2)=5g()=-4¢3)=0;g(4)=5
h(=2)=-5h(-1) = 4;h(0)=3;h(1) = 4
fED=4f0)=0,f1)=-4

2

h(x) =7, so solve the equation 7=x"—-x+1.

x2—x—6=0=(x-3)(x+2)=0=>x=—-2 or

x=3.

H(x) =17, so solve the equation 7 = x2

—1+J1-4(1)(1) N

2(1)

W tx+l=0=>x=

x_—li\/—_3
2

= there is no real solution.

a. 1=-2(1+ 1)2 +7 = 1=-1, which is false.

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

b. 1==2x+D>+7=2(x+1)>=6=
x+D)?=3= x+1=tB3=x=-1++3
The points (~1-+/3, 1) and (~1++/3, 1) lie
on the graph of f.

c. y==200+1)°+7=y=5
The y-intercept is (0, 5).

d 0==2(x+1)+7=-T==2(x+1)" =

%z(x+l)2:>i\/§=ig=x+1:>

+x+8.

63.
64.

65.

66.

67.

68.

69.

70.

71.

73.
75.

76.

71.

K H4x+4=0= (x+2)2=0=>
x+2=0=>x=-2

c. y=-3(0°-12(0)=y=0

The y-intercept is (0, 0).

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

Range: (-2, 4]

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

Domain: (—eo, —2)U[-1, o)
Range: (o, o)

[-9, ) 72.  [-1,7]
-3,4,7,9 74. 6
FET)=4 1(1)=51(5)=2

f(-4)=4,f(-1)=7, f(3)=3
{-3.75, -2.25,3}U[12, =)
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78.

79.

81.

82

83.

(%)

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

|3(-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.

88.

89.

90.

91.

temperature per day.

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

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

Not a function because people with 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.

Vix)= x3;V(3) =27 in.%; V(3) represents the
volume of a cube with edge 3.

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

92. f(x)=—2—;f(59)~1.5 meters

39.37

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

b. h(2)=128(2) - 16(22) =192
h(4)=128(4)— 16(42) =256
h(6) =128(6) —16(6%) =192

c. 0=128—16t>=0=16t8—1) =
t=0ort=28. It will take 8 seconds for the
stone to hit the ground.

d. =&
300/ p(r) = 1281 — 1612
250

200
150
100~

50

-
w
Ny
D=
oy =
9
o

~

ol 1

9.

95.

96.

97.

98.

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

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

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

After 16 hours, there are

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

After 20 hours, there are

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

y

T T T T 17T

W
I

X+y=28=y=28-x
P:x(28—x):28x—x2

P=60=2(x+y):>30=x+y:>y=30—x
A=x(30-x)=30x-x*

Note that the length of the base = the width of
the base = x.

V=1wh=x2h=64=>h=6—‘21
X

S =2lw+2lh+2wh

=2x% +2x (%J +2x (%j
x x

=2x2+%+%=2x2+§
X X X

P+y2=17 y20

(x, y)

X

2

2 :>y2:r2—x =

X +y2=r2

y= /rz_xz

The length of the rectangle is 2x and its
height is y=+r? —x2.

P=20+2w=2(2x)+2Vr? = x*

=dx+24r? = x?

A=lw=2xx/r2—x2
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99. The piece with length x is formed into a circle, 102. Y
so C=x=2nr=r= ZL Thus, the area of
T
2 5 2100 - 307 p
. . X X
the circle is A =7r? = ﬂ(—j =—.
27 4 2100"
d

100.

101.

The piece with length 20 — x is formed into a

square, SO P=20—x=4s=>s=i(20—x).

Thus, the area of the square is i 1500-30r |A x
2 I >

2 |1 1 2 ' 1500
=|—(20- =—(20-x)".
’ [4 ( x)} 1620~

5 Using the Pythagorean theorem, we have

2 2
The sum of the areas is A = :—+%(ZO— x)2 d* = (1500-30r)" +(2100-30r)" =
T 1/2
d =| (1500-30r)” + (2100~ 307)° |
The volume of the tank is V = 64 = 7zr2h, SO
64 . ) 103. y
h =—. The top is open, so the surface area is
r
given by
wr? 4 2mrh = mrt + 272’r( 642 )
r 5
28 f)=x>—3x+6 2,1
_ 2
=7r°+—--. 0 x
r
The volume of the pool is Using the distance formula we have
_ )2 )2
V=288=xhm h= 200 d=(x=2 +(s-1)

. X =\/(x—2)2+[(x3—3x+6)—1}2
oo :\/(x—2)2+(x3—3x+5)2

h
X 5 5 2 Y2
X =[(x—2) +(x‘—3x+5) }

The total area to be tiled is

X mi P 8—x)ymi C
4xh = 4x (2_’18) 1152 104. . » 2

X X : //
. ! 4
The cost of the tile is 6(1152j= 6912. 5 mi //
X X : /
|

The area of the bottom of the pool is x2, so the

cost of the cement is 2x°. Therefore, the total

5 6912 The distance from A to P is
costis C=2x" + . 2 2 2
x Vx2 +52 =\x2 +25 mi. At 4 mi/hr, it will
[ 2
take Julio xTJr25 hr to row that distance.

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

8—x

take Julio hr to walk that distance. The

total time it will take him to travel is
2 p—
7= x“+25 + 8 x-
4 5
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105.a.

106.a.

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

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

can be sold, the price per TV is $900.
p(30) =1275-25(30) = 525. If 30,000 TVs

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

(30, 525)

| | | | |
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).

(2/5, 16,250)
(30, 15,750)

2 18.000 K14 15 500

10,000 -

0] 51015202530 x
Number of TVs sold
(thousands)

4700 = 1275x - 25x% =
x2-51x+188=0=

51++/51% = 4(1)(188)

2(D)
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

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

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

108.a. C(x)=0.5x+500,000;R(x) = 5x . The

break-even point is when the profit is zero
(when the revenue equals the cost):
5x =0.5x+500,000 = 4.5x = 500,000 =

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

b. P(x)=R(x)—C(x)
750,000 = 5x — (0.5x + 500, 000)
1,250,000 =4.5x = x=277,778

The company must sell 277,778 CDs in order
to make a profit of $750,000.

2.4 Beyond the Basics

109. x=%:>xy—4x=2:>xy=2+4x:>
y—

Domain: (—0,0)U(0,). f(4)= %

110. xy-3=2y=2y—-xy=-3=

Y- =3y f(x)=
2—x

x=2
: 3
Domain: (—eo,2) U (2,0). f(4) = 3
111. (x2+1)y+x:2:> y= 22‘x -
x“+1
2-x 2
(x)= : Domain: (—eo,e0); f(4) = ——
! x2+1 f 17

112. yxz—\/;=—2y:> yx2+2y=\/;:>

y(x2+2)=\/;:>y= \/; = f(x)= ;/;

x2+2 x“+2

Domain: [0,); f(4) = é
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113. f(x) ;t g(x) because they have different 125. f(x)= x+3 N
domains. 4x-5
) 3+5x (B+5x)+3(4x-1)
114. f(x) # g(x) because they have different Ar—1 +3 Ax—1
domains. fn= 4(3 + 5xj 5 T (12+20x) - (5(4x - D)
115. f(x)# g(x) because they have different 4x-1 4x-1

116.

117.

118.

119.

120.

121.

122.

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

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=¢(5).

f(x) # g(x) because f(2)=16 while
g(2) =13.
f(2)215=a(22)+2a—3:>15=6a—3:>
a=3.

8(6)=28=62+6b+b2:>b2+6b+8:0:>
(b+2)(b+4)=0=b=-2o0rb=-4.

36)+2a _
26)-b

h(6)=0= 0=18+2a=a=-9

3(3)+2(-9)
2(3)-b
the denominator. So 6-b=0=b=6.

h(3) is undefined = has a zero in

f(x)=2x—3=>f(x2)=2x2—3

(f(0)* =(2x-3)% =4x> —12x+9

_2_ 1 n_t_ 1t_1_ .
123. g(x)=x 2:>g(x)—x2 i_xz X
x2
o4
X X
x—l_
1 x—1 x+1
124, f(x)=—= f|—|=
x+1 x+1 x—1
+1
x+1
(x=-D-=(x+1
x4l 2 _ 1
(x-D+(x+D 2x  x
x+1

_ (B+50)+(12x-3)  17x _
(12+420x) - (20x—5) 17

2.4 Critical Thinking/Discussion/Writing

126. Answers may vary. Sample answers are given

a. y=+x-2 b. y= 1

x—=2

c. y=+2-x d. y= 1

2—

=

127.a. 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).

f) =4
c. f(x)=x

128.a. b. f(x)=0

d fx)= V-x? (Note: the point is the origin.)
e. f(x)=1

f. A vertical line is not a function.

129.a. {(a, 1), (b, 1)} {(a, 2), (b, 1)}
{(a, D), (b, D)} {(a,2),(b,2)}
{(a, D), (b,3)} {(a,2), (b, 3)}

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

There are nine functions from X to Y.

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

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

elements, there are n™ functions that can be
defined from X to Y. This is true since a
function assigns each element of X to an
element of Y. There are m possibilities for each
element of X, so there are

n-n-n-----n=n" possible functions.
pnn-n
m

132 me 23 5

(1) 5
y—3——(x—(—1)):>y—3=—x—l:>
y=—x+2

133 m=2 2.1

1—(—3) 4 2
y—2=%(x—(—3)):>y—2——(x+3):>
—2—1x+—=> —lx+—
YTEERNTR TR,

134.m=_3_—(_5)=%

8-3 5
y—(—5)=§(x—3):>y+5=—x——:>
22,3
Y5

135. f(x)=2x"-3x
a. f(-x)=2(-x)" =3(-x)=2x" +3x
b —f(x)=—(2x" - 3x) = 22" +3x
136. f(x)=3x*-7x*+5

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

b —f(x)=—(3x* =7a% +5)=3x* + T2 -5
137. f(x)=x"-2x
a. f (—x) = (—x)3 - 2(—x) =—x>+2x

b. —f(x)=—(x3—2x)=—x3+2x

138. f(x)= 203 532 4 x

a. f(-x)=2(-x)’ =5(-x)" +(-x)

=2x—5x%—x

b. —f(x)z—(2x3—5x2+x)=—2x3+5x2—x

2.5 Properties of Functions

2.5 Practice Problems

1. fis increasing on (2,00), decreasing on

(—e2,—3), and constant on (-3,2).

IR

Haxirmurm
n=L.oogons 1¥=1

Relative minimum: (0, 0)
Relative maximum: (1, 1)

3. 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.

4. f (x) =—x2

Replace x with —x:

f(x)==(=2)" == = f (x)

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

Replace x with —x:

f(x)==(=2) = x> ==f (x)

Thus, the function is odd.

10

o=
w =
Ny .
=
=

|
=y
T T 11

6.a. g(—x)=3(-x)*=5(-x)>
=3x* =542 =fx)=
g(x) is even.

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

c. h(—x)=2( x)+1——2x+1
¢h(x)

* h( x) = h is neither even nor odd.

(x) 1-x°; a=2,b=4
f(2)=1-27=-3 f(4)=1-4*=-15
/(b)- f() -15-(=3) _-12

= =—=—6
b- 4-2 2

The average rate of change is —6.

8. () 1-t; a=2,b=x, x#2

fla)=r(2)=1-2=-1
(b) f(x)—l X
f)-fla) _(-x)—-(-1) _2-x
b-a x—2 x—2
:—l(x—Z):_l
x—2

The average rate of change is —1.
9. f(x)z—x2+x—3
Flx+h)=—(x+h)’ +(x+h)-3
=—x>—2xh—h>+x+h-3

f(x+h)—f(x)

h
(—x2—2xh—h2+x+h—3)—(—x2+x—3)

- h

_ —2xh—hh2+h o hal

2.5 Basic Concepts and Skills

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

that f (xl) > f (x2 )

2. f (a) is a relative maximum of f'if there is an
interval (xl, xz) containing a such that

f (a) = f (x) for every x in the interval
(xl N )C2 ) .

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

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

—a

fromx=atox=>~bis ,a#b.

5. True

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

7. Increasing on (—eo, o)

8. Decreasing on (—oeo, o)

9. Increasing on (—eo, 2), decreasing on (2, o)
10. Decreasing on (s, 3), increasing on (3, o)

11. Increasing on (—ee, —2), constant on (-2, 2),

increasing on (2, oo)

12. Decreasing on (—oo, —1), constant on (—1, 4),

decreasing on (4, o)

13. Increasing on (—oo, —3) and (—— 2),

14. Increasing on (=3, —1), (0, 1), and (2, o).
Decreasing on (—oo, —3), (—1, O), and (1, 2).
15. No relative extrema

16. No relative extrema
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17.

18.

19.

20.

21.

22,

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

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

Any point on (x, 2) is a relative maximum and a
relative minimum point on the interval (-2, 2).
Relative maximum at (-2, 2); relative minimum
at (2, 2). None of these points are turning
points.

Any point on (x, 3) is a relative maximum and a
relative minimum point on the interval (-1, 4).
Relative maximum at (4, 3); relative minimum
at (-1, 3). None of these points are turning
points.

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

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

For exercises 23-32, recall that the graph of an even
function is symmetric about the y-axis, and the graph
of an odd function is symmetric about the origin.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

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

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

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

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

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

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

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

The graph is symmetric with respect to the
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 33-46, f(—x)=

f(x)= f(x)iseven

and f(-x)=—f(x)= f(x)is odd.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

fEn =20t +4=2" +4= f(0) >
f(x) is even.

g-x)=3(-x)*-5=3x*-5=g(0) >
g(x) is even.
F(=x)=5(=x)° =3(=x) = =5x> +3x
=52 =30 =—f(0)=>
f(x) is odd.
g(=x)=2(-x)" +4(-x)
=-2x> —4x= -g(x) =
g(x) is odd.
f(=x)=2(-x)+4=-"2x+4

¢—f(x)¢f(x):>
f(x) is neither even nor odd.
g(=x)=3(-x)+7=-3x+7

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

1 1
0= (0% +4 B x> +4 S/w=
f(x) is even.
_ _(_x)2+2_x2+2_
g( X _(—x)4+l_x4+1_ (x):>
g(x) is even.
(=x)3 3
0= (-x)? +1 T x*+1 0=
f(x) is odd.
(—x) = (—x)4+3 _ xt+3
§ 2-x)* =3(-x) —2x7+3x
——ﬂ——f(x)ﬁf(x) is odd
- 2x3—3x_ '
- —x __ =X
LA T
I [ R S
(D)( 30 )_x5—3x*_f(x)

Thus, f(x) is even.
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(- x)3 +2(=x) 32 d. Sir}ce the fupction is cons.tant on .(—3, 0), any
4. g(-x)= 5 =— point (x, 2) is both a relative maximum and a
2(=x)7 =3(=x)  —2x7+3x relative minimum on that interval. Since the
(-1) (—x3 - Zx) 2 +2x function is constant on (0, 3), any point
= 7 13 = 200 _3 =f (x ) (x, —2) is both a relative maximum and a
(-1) (_ Xt x) * * relative minimum on that interval.
Thus, f(x) is even. e. odd
_ (—X)2 -2(-x) x? +2x 51.a. domain: (-2, 4); range: (-2, 3)
45. f(—x)= 2 5 =— 5
ST +HAE0THT SaT 4T+ b. x-intercept: (0, 0); y-intercept: (0, 0)
#—f(x)# f(x) ,
Thus, f(x) is neither even nor odd. ¢. .decreas.mg on (=2, ~1)and (3, 4)
increasing on (-1, 3)
2 2
46. g(-x)= 3(0)"+7 _3xT+7 —g(x)# g (x) d. relative maximum: (3, 3)
(=x)-3 -x-3 relative minimum: (-1, —2)
Thus, g(x) is neither even nor odd. e. neither even nor odd
47.a. domain: (—oe,0); range: (—oo, 3] 52.a. domain: (_oo’ oo)
b. x-intercepts: (-3, 0), (3, 0) range: (_w oo)
y-intercept: (0, 3)
. . . . - b. x-intercepts: (2, 0), (3, 0)
c. increasing on (—oo, 0), decreasing on (0, o) y-intercept: (0, 3)
d. relative maximum at (0, 3) c. decreasing on (_w’ 0) U (0’ 3) U (3’ oo)
e. even
) d. no relative minimum
48.a. domain: (—eo,c0); range: (—oo,0) relative maximum: (0, 3)
b. x-intercepts: (-4, 0), (0, 0), (4, 0) e. neither even nor odd
-intercept: (0, 0
Y pt: (0.0) 53.a. domain: (—eo,e0); range: (0, o)
c. decreasing on (—eo, —2) and (2, o),
. . b. no x-intercept; y-intercept: (0, 1)
increasing on (-2, 2)
¢. increasing on (—oo, oo)
d. relative maximum at (2,3); relative minimum
at (-2, -3) d. no relative minimum or relative maximum
e. odd e. neither even nor odd
49.a. domain: (-3, 4); range: [-2, 2] 54.a. domain: (—ee, 0)U(0, )
b. x-intercept: (1, 0); y-intercept: (0, —1) range: (—oo, oo)
¢. constant on (=3, -1) and (3, 4) b. x-intercepts: (1.5, 0), (1.5, 0)
increasing on (-1, 3) .
no y-intercept
d. Since the function is constant on (-3, —1), d . 0
any point (x, —2) is both a relative maximum c. decreasing on (~, )
and a relative minimum on that interval. increasing on (0, o)
Since the function is constant on (3, 4), any
point (x, 2) is both a relative maximum and a d. no relative minimum or relative maximum
relative minimum on that interval. e. even
e. neither even not odd
50.a. domain: (-3, 3); range: {-2, 0, 2}
b. x-intercept: (0, 0); y-intercept: (0, 0)

constant on (-3, 0) and (0, 3)
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55.

56.

57.

58.

59.

60.

f(xX)=="2x+T7,a=-1,b=3

fB3=-23)+7=1; f(-D)=-2(-)+7=9

oS
3—(-D

=9,
4

average rate of change =

f(x)=4x-9a=-2,b=2
f(2)=4Q2)-9=-1; f(-2)=4(-2)-9=-17
S - f(=2)
2-(-2)
—1-(-17) _
-

average rate of change =

4

f(xX)=3x+c;a=1,b=5
f(3)=3-5+c=15+c; f)=3-1+c=3+c¢
fO-f

5-1
3 15+c—(3+c)

average rate of change =

f(X)=mx+c,a=-1,b="7

f(DH=Tm+c;, f(-1)=—-m+c

SD-rE=H
T-(=1)

: 7m+c—(—m+c)

average rate of change =

h(x)=x>-1l,a=-2,b=0
h(0)=0% —1=—1; h(-2)=(-2)> -1=3

h(0) — h(-2)
average rate of change = ————~=
0-(-2)
= ﬁ =
2

h(x)=2-x%,a=3,b=4
h(4)=2-4% =—14; h(3)=2-3>=-7
h(4) = h(3)

4-3
_-14-(-7) _

1

average rate of change =

=7

61.

62.

63.

64.

65.

66.

67.

f)=G-0%*a=1b=3
f@=3-3%=0;, fF)=G-1)*=4
f3)=f)

3-1
0-4

= =2

2

average rate of change =

f)=(x-2)2%a=-1,b=5
fG)=(5-2>=9 f(-)=(-1-2)* =9
SO-fCED

5-(=1)
9-9

:—:0
6

average rate of change =

g(x)=x3;a=—1,b=3
§(3)=3"=27; g(-D = (-1 =1
83)-gD
3-(-D)
_27-(-1) _
-2

average rate of change =

7

g(x)=—x3; a=-1,b=3
g3)=-3 =27, g-1)=-(-1)* =1

average rate of change = 8B3)—gC-D
3-(=D
=—27—1=_7
4
1
h(x)z—;a=2’b=6
X
1
h(2)=—; h(6)=—
(2)=—: h(6)
average rate of change = h(6)=h2)
6-2
1_1
_e a1
4 12
h(x) = 4 ca=-2,b=4
x+3
4 4 4
h4:—:—;h_2: =4
@ 4+3 7 -2) -2+3
average rate of change = h4) =h(=2)
4-(-2)
4
I .
6 7
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68. f(x)=3x+2a=2= f(a)=3-2+2=8 75. fx+h)=x+h
f(x)=f(a) _3x+2-8 _3x-6 fx+h) = f)=x+h—x=h
xX—a Tox=2  x=2 f(x+h)—f(x)_ﬁ_1
_3(=2) h Th
x-2 76. f(x+h)=3(x+h)+2=3x+3h+2
69. f(x)=—x2,a=1:>f(a)=—l fx+h) - f(x)=3x+3h+2-Bx+2)=3h
f(x)=fla) == (=1) _—x?+1 St - _3h_,
xX—a x—1 x—1 h h
il GtV CR2) N 77. f(x+h)=-2(x+h)+3=—2x—2h+3
x-1 F(x+h)— F(x)=—2x—2h+3—(-2x+3)
70. =2x% a=-1 =2 =-2h
f(x)=2x",a = f(a) ; S =) _2h
f(x—f(a)_zxz—z_z(x ‘1) h T
xX—a T ox+1l 0 x4l
2(x—1)(x+1) 78. f(x+h)=—5(x+h)—6=—5x—5h—6
== -~ 22 f(x+h)=f(x)=-5x-5h—-6—(-5x—06)
=-5h
7. f(x)=3x"+xa=2= f(x+h)—f(x):ﬁ:_5
f(a)=3(2)°+2=14 h h
F(x)-f(a) 3x2+x-14 (Bx+7)(x-2) 79. f(x+h)=m(x+h)+b=mx+mh+b
Y—a T -2 ~ x—2 f(x+h)—f(x)=mx+mh+b—(mx+b)
=3x+7 =mh
fx+h)—-f(x) mh
72. f(x)=—2x2+x,a=3:> h T T
2
f(a)=—2(3) +3=-15 80. f(x+h)=—2a(x+h)+c=—2ax—2ah+c
f(x)=f(a) _ -2x* +x+15 £ (x+h)= f(x)=-2ax—2ah+c - (-2ax +c)
xX—a x-3 = 2ah
(267 -x-15) [+ = f) _2ah _
T x-3 h h
:"(ZL);X":‘L_ZX_s 81. f(x+h)=(x+h)?=x>+2xh+h?
P
Fx+h)— f(x)=x%+2xh+h? - x*
73 f()=2 a=1= f(a)=4 = 2xh+h?
1_, 4-4 fO+h) = f() _ 2xh+h? _
FO-fl@)_ Tt T G- h T
x—a Tx-1 x-1 x(x—l) )
A 82. f(x+h)=(x+h)?—(x+h)
=_; =x>+2xh+h*>—x—h
=x>+2xh—x+h*—h
4. f(x)=-2 a=1= f(a)=—4 Fx+h) = f(x)
* 4 dx—4 =x2+2xh—x+h2—h—(x2—x)
F)-fla)_~xtt T 4= _a =2xh+h*>—h
x-a x=1  x-1  x(x-1) x f+h)= () _2xh+h?—h

=2x+h-1

h h
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83. f(x+h) =2(x+h)?*+3(x+h)
=2x% +4xh+2h> +3x+3h
=2x% +4xh+3x+2h* +3h
fx+h) - f(%)
=2x% +4xh+3x+2h% +3h—(2x> +3x)

=4xh+2h” +3h
fx+h)—f(x)  4xh+2h*+3h
h h
=4x+2h+3

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

= 6xh +3h> - 2h
fx+h)— f(x)  6xh+3h—2h
h h
=6x+3h-2
85. f(x+h) =4

fx+h)—f(x)=4-4=0
fa+h-f) _0
h h

86. f(x+h)=-3
F+h) - f()=-3-(-3)=0
fa+m=f() _0

=0

~=0
h h
1
87. f(x+h)=—m
x+h
Gth) = f) =
Cx+h x
_ X : x+h
_x(x-i-h) x(x+h)
___h
T x(x+h)
_h
S+ —f(x)  x(x+h) 1
h T h o x(x+h)

88.

1
f(x+h)——m

O

x+h X
X x+h

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

_x(x+h)

h
f+h)—f(x)  x(x+h) 1
h T h o x(x+h)

2.5 Applying the Concepts

89.

90.

91.

92.

93.

9.

9s.

96.

97.

98.

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

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

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

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

The graph is below the r-axis on the interval
(11, 19). This means that the particle is moving
backward between 11 and 19 seconds.

The function is increasing on (0, 3), (5, 6),

(16, 19), and (21, 23). However, the speed |v| of
the particle is increasing on (0, 3), (5, 6),

(11, 15), and (21, 23). Note that the particle is
moving forward on (0, 3), (5, 6), and (21, 23),
and moving backward on (11, 15).

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

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

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

The particle is moving forward with increasing
velocity.

The particle is moving backward with
decreasing speed.
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99. e—12 - 2v—]
X xi
- — J o
12 in. 12 -2x
| X i‘_i
1x x!
1 1
12 in.

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

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

Haxirmurm
nEggonie Y=izH

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

d. Vis atits maximum when x = 2.

100.a. Let x = one of the numbers. Then 32 = the
X

other number. The sum of the numbers is

S=x+2.
x

b.

n=b.BEEESE:  ¥=11.Z1Z708

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

101.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

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.

102. f(x)=-2x"+3x+4
F)==20)+3(1)+4=5
fB3)==2(3)"+3(3)+4=-5

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

The equation of the secant is

y=5=-5(x-1)= y-5=-5x+5=

y=-5x+10

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

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

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

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

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

104.a. 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)2 +0.2(10)+50 =53
The average rate of growth from 2000 to

2010 was 22—

=.3 million per year.
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2.5 Beyond the Basics 110. f(x)=vx-1
-] f(x+h)-f(x)
105. =— -
f(x) x+1 h
2% —1 Nx+h—-1-+x—1 Jx+h-1++/x-1
2x)= = )
f( 2x+1 h Vx+h—1++/x-1
3 L_l 'l 3x—3 | _ x+h—1—(x—1)
3f(x)+1= x+1 __ x+1 + h(\/x+h—l+\/x—l)
f)+3 x-l o x—143(x+1) _ h _ 1
x+1 x+1 h(Nx+h=T+4x=1) Jath-T+x-1
3x-3+x+1
_ x+1 :4x—2 1
x=1+3(x+1) 4x+2 111. f(x)=_ﬁ
x+1 _
2(2x-1) 2x-1 M
= = =f(2.x) h
2(2x+1) 2x+1 1 1 m_\/}
_7+7 -
106. f(x)=0 __x+h Nx - Nxx+h
h h
107. In order to find the relative maximum, first Jx+h=x
observe that the relative maximum of W m \/—
x+h—A/x
~(x+1)><0. Then —(x+1)° <0= )
(X+I)ZZOZ>XZ—1. _~/x+h—x/;_~'x+h+\/;
Thus, the x-coordinate of the relative maximum Ch \/x(x+h) Jx+h+/x
is—1. f(-1)=—(-1+1)*+5=5 ~ (x+h)—x
The relative maximum is (-1, 5). - h\/x(x+ h) (\/X+ h+ \/;)
There is no relative minimum. 1
x+10 ifx<-5 _\/x(x+h)(\/;+\/x+h)
108. f(x)=45 if -5<x<5
—X if x>5 112. f(x):%
The point (0, 5) is a relative maximum, but not a X
turning point. |
2 2
109. f(x)=+x f(”hlz_f(x) =(x+h)h a
fath)=f(x) _Nx+h—x Jx+h+x (x4 h)
h h +h+ YRR
poey ey
Y e h
h(\/x+h+\/;) xz—(x+h)2
- T (xbh)
h(\/x+h+\/;) 5 ) )
. x? = (x + 20k + )
=\/x+h+\/; - hxz(x—i-h)2
2xh-h*> _ 2x+h

- hx? ()c+h)2 - x? ()c+h)2
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2.5 Critical Thinking/Discussion/Writing

113. fhas a relative maximum at x = « if there is an
interval [a, x;) with a <x; <b such that

f(a)Zf(x), or f(x)Sf(a), for every x in

the interval (xl, b] .

) f(8)=82"=(38)"

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

115. Answers will vary. Sample answers are given.
f (x) = x on the interval [-1, 1]

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

120. f(x)=x7?
() f(2)=2"=4P=Y4

2.6 Practice Problems

(i) f(~4)=(~4)"2 =(vV=4) = (21)" = 8

=22=4
(i) f(-8)=8%3= (3 —8)2 =(-2)° =4

2.6 A Library of Functions

x if 0<x<l1

- f(x):{o if x=1

x if 0<x<1

f(x)z{l it x=0

0 ifx=0orx=1
1

—1 if 0< x <1 and x is irrational

2.5 Maintaining Skills

116.

117.

118.

119.

-2-3 5
4-(-1) 5
y—3=—(x—(—l)):>y—3=—(x+1):>
y=-3=-x-1=y=-x+2

m=

N TN
7-6 1
y_2:—3(x—6):>y—2=—3x+18:>
y=-3x+20
o373 _2
6-3 3
y=(5)=2{x=3) = y+5= 22

2
=—x-7
Y73

f(x)="2

M f(2)=2%*= (\/5)3 =8=22

G f(4)=42 = (V3] =2 =s

if 0 < x <1 and x is rational

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

Use the point-slope form:
y—8=2(x—1):> y—=-8=2x-2=
y=2x+6=>g(x)=2x+6

2. Using the formula
Shark length = (0.96)(tooth height) — 0.22, gives:
Shark length = (0.96)(16.4) — 0.22 = 15.524 m

3. y
4
3

2+

| | | |
—-16 —-12 -8 —4 0 X

Domain: (—e°, 0]; range: [0, <)

Domain: (—oo, o); range: (—oo, oo

2x ifx>-1

5. f(x)={ X% ifx<-l

F(2)=(2)=4 r(3)=203)=6
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[50+4(x-55) S6<x<75
6.a. f(x)_{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.

_J-3x ifx<-1
7 f(x)‘{zx if x> 1

Graph f (x)=-3x on the interval (—eo,—1],
and graph f (x) = 2x on the interval (—l,oo).

8. Y

y =fx) L
| L1 1 [ |

H,o\/f . o\x
(—=2,-2) :

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

2-(-2) 4

3-(-2) 5
y—2=%(x—3):>y—2=%x—%
_4,.2
YTEYS

For x > 3, the graph is a half-line passing
through (3, 2) and (4, 0).

_0-2_
=13
y—0=—2(x—4):> y=-2x+8

m -2

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

f0=1575

—2x+8 ifx=>3

9. 1 (x)=[+]
f(-34)=—4; f(47)=4

if —2<x<3

2.6 Basic Concepts and Skills

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

2. The absolute value function can be expressed as
a piecewise function by writing

—x if x<0
f(x)=|x|={ iif);;O'

3. The graph of the function
f(x):{ 2 +2if x<1

ax if x>1
will have a break at x = 1 unless a = 3.

X242 ifx<1
3x ifx>1

4. False. The function is constant on [0, 1),
[1, 2), and [2, 3).
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In exercises 5—14, first find the slope of the line using
the two points given. Then substitute the coordinates
of one of the points into the point-slope form of the

equation to solve for b.

5. The two points are (0, 1) and (-1, 0).
m=""L 1 s +p= b=,
-1-0

fx)=x+1

6. The two points are (1, 0) and (2, 1).

m=ﬂ=1. 0=1+b=>b=-1.
2-1

f(x)=x-1

7. The two points are (-1, 1) and (2, 7).
7-1
m=
2—(-1)
f(x)=2x+3

=2 1=2(-1)+b=3=b.

IIIIII\IIII
-
Wl
-
Y-
=

|

n

|

&

|

w

|

—_
—o

—

Y-

w =

—2F
-3

8. The two points are (-1, =5) and (2, 4).
4—-(-5)

m=
2-(-D

=3. 4=32)+b=b=-2.

.

=

f(x)=3x-2.

T T

o —
o f—

[=)}
I sy

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

Py .
=
=

m=ﬁ=—3. 1=-3)+b=>b=4.
2-1
f(x)=-3x+4. .
6_
4
3
2_
-
Ll N
=543 0 1\2 3 45
o
73_

10. The two points are (1, —1) and (3, 5).
5-(=D
m=——=
3-1
f(x)=3x-4.

3. -1=3()+b=b=—4

y
3
2
1

L |
23

=
Iy
ok
ol

77777 10
I

X
I

11. The two points are (-2, 2) and (2, 4).
m=—"2 -1 4
2-(-2) 2

%(2)+b:>b:3.

f(x)z%x+3.

|
4 5x
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12. The two points are (2, 2) and (4, 5). b. {;_
m=2"222 230 sbop=1. 8-
4-2 2 2 Z—
3 . L
f(x)=5x—1 B T
L 3
— M
A I AN
/123 4 5% —4=3-2-100 12345 6
B 2x ifx<0
N 16. g(x)_{x if x>0

a. g(-1)=-2;g(0)=0; g(1)=1
13. The two points are (0, —1) and (3, -3).

_B3-¢h_ 2 b. "
3-0 3 3
2 2r
-1=-20)+b=b=-1. =
3 I T I S
—5-4-3-2-1 1 234 5«x

f(x)z—%x—l.

— 0w AT
T T
[
[V
T T

1 ifx>0
17. 8= {—1 if x<0

a. f(-15)=-1 f(12)=1

14. The two points are (1, 1/4) and (4, -2).

_2-14 -9/4 3 b. y
4-1 3 4 o
3 2
2=-S@+b=b=1. 1 ;
; EEEEEEE
f==Zx+l. T
3+ L
2_
I T I | \I L 11 -
*57473*2*1_?_1 34 5x
= \ c. domain: (—ee, 0)U(0, )
73_
4L range: {-1, 1}
75_
2x+4 ifx>1
© ifxr>2 18. g(x)‘{ x+2 ifx<1
15. f(x):{z ifx<2

a. g(-3)=-Lg(1)=3g(3)=10
a. f()=2/1(2)=2f(@3)=3

Copyright © 2015 Pearson Education Inc.
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|

7’?_

y
0
8
6
4
0
2

41+

c. domain: (—eo, o)

range: (—oo, 3]U(6, 00)

19. F(x)= 2x ifx<O0
B (T
y
4_
2_
| | | |
—4 =2 2 4 X
2_
74_

Domain: (—oo, oo); range: (—oo, oo)

2. £ I ifx<l
B X)=
x> ifxx>1
y
5__
N R B
_5——

Domain: (—oo, e); range: [0, o)

1
X

Jx

21. g(x) =

(VR
o
—

ifx<0

ifx=0

Domain: (—eo, o); range: (oo, o)

3 .
22. h(x)= Yo ifx<l
Jxo ifx>1
y
5__
1__
s A s x
_5-—

Domain: (—oo, oo); range: (—oo, oo)

23. f(x)= {[5;]]

y

ifx<1
ifx=1

Domain: (—oo, oo) ;

range: {..., =3, =2, =1, 0} U[1, =)
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3
24, g(x)= {f/;

y

ifx<0
ifx=0

Domain: (—eo, e); range: (-, o

£}

2. 209 x| ifx<l
. X)=
8 X ifx>1
Y
5_-
e e e
-5

Domain: (—oo, oo); range: [O, oo)

1 .

26. f(x)= < ifx<0
[[xﬂ ifx>0
y
3 —o
2k —o
I~ e—o

— T

Domain: (—eo, e); range:

(—eo, OJU{L 2,3, ...}

2. £ x| if-2<x<1
. X)=
Jxoifx>1
y
3_
2+
1_
| | | | | | |
-2 -1 0 1 2 3 4 5x

Domain: [—2, oo); range: [0, oo)

28. g(x)= {é/;

2x

-8 —6 -4 -2

Domain: [—8, oo); range: [—2, I)U[Z, oo)

29. f(x)= {[[_);]]x

if —8<x<1
if x>1

y

6_

5_

4_

3_

2_

1_

| 11

2 X

_2_

if x<1
if1<x<4

~ 4, —8)

Domain: (—eo, 4];

range: {, -3,-2, -1, O}U[—& —2]
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30 4 it x<o0
PO irosxsy
y
3_
2
1_
| | | | | |
-2 -1 0 1 2 3 4 x

31.

32.

33.

Domain: (—oo, 4]; range: [0, oo)

2x+3 ifx<-2
f(x)= x+1 -2<x<1
ifx>1

Domain: (—eo, o); range: (o, 2]

2x+1 ifx<-1
f(x)z 2x+1 -1<x<2
x+2 ifx>2

YA (2,5)

sk /

a- fdoy
(=1,3)®3—

2

1

0

1

[
Al

-
W —
I .
-
=

(

73 —
Domain: (—eo, e); range: (-1, o)

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).

370 3.
2-(-1) 3
y—O=x—(—1):>y=x+1

34.

35.

For x > 2, the graph is a line segment passing
through the points (2, 3) and (3, 0).
= 0-3 =_3
3-2
y—0=-3(x-3)= y=-3x+9

Combining the two parts, we have
x+1 ifx<-2
=5

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).

m

_3-()_4
0-2 2
y=—2x+3

For x > 2, the graph is a line segment passing
through the points (2, —1) and (4, 0).
-1-0 1
m=——=—
2-4 2
—0—l(x—4):> —lx—2
YRS )

Combining the two parts, we have
-2x+3 ifx<-2

f (x) - l x—2
2

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

S 3-(=2) -1
y=0=2(x—(-3))= y=2(x+3)=
y=2x+6
For -2 <x <2, the graph is a horizontal line
segment passing through the points (-2, 4) and
(2, 4), so the equation is y = 4.
For x > 2, the graph is the half-line passing
through the points (2, 1) and (3, 0).
0-1_
3-2
y-0=—(x-3)= y=—x+3

m= -1

Combining the three parts, we have

2x+6 ifx<-2
f(x)z 4 if —2<x<2
—x+3 ifx=>2
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36. The graph of fis made up of four parts.

For x < -2, the graph is the half-line passing
through the points (-2, 0) and (-4, 3).
3-0 3

) 2

3
=—2x-3
y=-ox

For -2 < x <0, the graph is a line segment

passing through the points (=2, 0) and (0, 3).

- 3°0 3
0-(-2) 2
y=%x+3

For 0 < x <2, the graph is a line segment
passing through the points (0, 3) and (2, 0).
0-3 3
m=——=——
2-0 2
3
=——x+3
YT
For x > 2, the graph is the half-line passing
through the points (2, 0) and (4, 3).
3-0 3
m=——=—
4-2 2
3 3
-0==(x-2)=>y==—x-3
o032 = =g
Combining the four parts, we have

3
=—=x-3 ifx<-2
YT

y=%x+3 if —2<x<0
F=1 2,
y=—5x+3 if0<x<2
3
==x-3 if x>2
y 2x it x
2.6 Applying the Concepts
X
37.a. =
& J=53g

Domain: [0,e0); range: [0, o).

3
b. 3) =——=0.0887
13 33.81

This means that 3 oz ~ 0.0887 liters.

c. f(2)= % ~ 0.3549 liters.

38.a.

39.a.

40.a.

41.a.

B(0)=-1.8(0) +212=212.

The y-intercept is 212. This means that water
boils at 212°F at sea level.
0=-18r+212=h=117.8

The h-intercept is approximately 117.80.
This means that water boils at 0°F at
approximately 117,800 feet above sea level.

Domain: closed interval from O to the end of
the atmosphere, in thousands of feet.

98.6 =—1.81+212 = h=63. Water boils at
98.6°F at 63,000 feet. It is dangerous because
98.6°F is the temperature of human blood.

P0) = 3—13(0) +1=1. The y-intercept is 1.

This means that the pressure at sea level
(d=0)is 1 atm.

O=Ld+l=>d=—33.
33

d can’t be negative, so there is no
d-intercept.

P(0) =1 atm; P(10) = 3—13(10)+1 =~ 1.3 atm;
1
P(33)=—(@33)+1=2 atm;
(33) 33( )

1
P(100) == (100) +1 = 4.03 atm.

5:Ld+1:>d:132 feet
33
The pressure is 5 atm at 132 feet.

V(90) =1055 +1.1(90) = 1154 ft/sec

The speed of sound at 90°F is 1154 feet per
second.

1100 =1055+1.1T = T = 40.91°F
The speed of sound is 1100 feet per second at
approximately 40.91°F.

C(x) = 50x + 6000

The y-intercept is the fixed overhead cost.
C

6300
6250
6200
6150
6100
6050
6000
5950 &

T T T T

11,500 = 50x + 6000 = 110
110 printers were manufactures on a day
when the total cost was $11,500.
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42.a. The rate of change (slope) is 100. Find the
y-intercept by using the point (10, 750):
750 =100(10) + b = b = -250. The equation

is f(p)=100p - 250.

b. f(15)=100(15)-250=1250
When the price is $15 per unit, there are 1250
units.

c. 1750=100p - 250 = p = $20.
1750 units can be supplied at $20 per unit.

43.a. R=900-30x

b. 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.
44.a. Lett =0 represent the year 2009. The rate of
change (slope) is 99(5)# =-9.5. The

y-intercept is 995, so the equation is
f(®)=-9.5t +995.

b. f(4)=-9.5(4)+995=957
The average SAT score will be 957 in 2013.

c. —9.5t+995=900=-9.5t=-95=1=10
2009 + 10 =20109.
The average SAT score will be 900 in 2019.

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.

45. The rate of change (slope) is

2
46.a. y=—(5)(60)=24
y 25( )(60)
The dosage for a five-year-old child is 24 mg.

b. 60= i(60)a =a=125
25

A child would have to be 12.5 years old to be
prescribed an adult dosage.
47.a. The rate of change (slope) is
50-30 2
420-150 27°

The equation of the line is

2
-30=—(x-150)=
y 27(x )
2
=—(x—150) +30.
y 27(x )

2 1210
b. y=-—-(350-150)+30= y=——=~4438
y 27( ) Y=

There can’t be a fractional number of deaths,
so round up. There will be about 45 deaths
when x = 350 milligrams per cubic meter.

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/m? .

1
48.a. The rate of change is 3 The y-intercept is

47 1 47
—, so the equationis y=L(S)==-85 +—.
12 au y=LS=35+1,
1 47
b. L4)=—@4)+—=5.25
4) 3 4) B
A child’s size 4 shoe has insole length 5.25
inches.
c. ﬂ=lx-+-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.

49.a. T
5000
4000
3000
2000
1000}

T

T

T

T

| | | ] |
20,000 40,000 60,000 x

b.(i) 7(12,000) = 0.04(12,000) = $480
(ii) 7(20,000) =800+ 0.06 (20,000 —20,000)
= $800
(iii) 7'(50,000) = 800 + 0.06 (50,000 — 20,000)
=$2600
c. (i) 600=0.04x= x=$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
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(i) 2300 =800 +0.06 (x —20,000) = x = $45,000

50.a. If 0<x<8350, f(x)=0.1x
If 8350 < x £33,950, f(x) =835+0.15(x —8350) = 0.15x - 417.50
If 33,950 < x 82,250, f(x) = 4675+ 0.25(x —33,950) = 0.25x — 3812.50
If 82,250 < x < 171,550, f(x) =16,750 + 0.28(x — 82,250) = 0.28x — 6280
If 171,550 < x £372,950, f(x) =41,754 4+ 0.33(x —171,550) = 0.33x — 14,857.50
If 372,950 < x, f(x) =108,216 4+ 0.35(x —372,950) = 0.35x — 22,316.50
Write the equation as:

0.1x if 0 < x <8350

0.15x—-417.50 if 8350 < x £ 33,950

0.25x-3812.50  if 33,950 < x < 82,250

0.28x—6280 if 82,250 < x <171,550

0.33x—14,857.50 if 171,550 < x 372,950

0.35x—22,316.50 if x> 372,950

f)=

b. () f(35,000)=0.25(35,000)—3812.50 S2a. () g(=2)=3

= $4937.50 (i) g (l) - 3(1) 3= 3
(ii) f(100,000) = 0.28(100,000) — 6280 2 2 2
=$21,720 (iii) g(0)=3(0)-3=-3
(i) f(500,000) (iv) g(-1)=-6(-1)-3=3
=0.35(500,000) - 22,316.50
=$152,683.50

b. () 0=—6x—3:>x=—% or

c. (i) 3500=0.15x-417.50 = 0=3x—3= r=1

x=$26,116.67

(ii) 12,700 =0.25x-3812.50 = (i)  2g(x)+3=0
x =$66,050.00 2(-6x-3)+3=0

(iii)) 35,000 = 0.28x — 6280 = 2x—643=0= x=—L or
x =$147,428.57 4

2(Bx-3)+3=0
2.6 Beyond the Basics 6x—6+3=0= x :%

5La. () f(=2)=3(-2)+5=-1

Gi) f(-)=2(-D)+1=-1 c. g
4=
(iii) f(3)=2-3=-1 N
2 —
b. Try the first rule: 2=3x+5= x=-1, which L\ e
is not in the domain for that rule. Now try the _5_4_3_2_'X\f 2345
secondrule: 2=2x+1= x= l, which is in -3
74 —
the domain for that rule. -5
. y 53.a. Domain: (—oo,0) ; range: [0,1)
s
4 b. The function is increasing on (n, n + 1) for
g - every integer n.
L j' L ¢ f(=x)=-x—[-x]#-f(x)# f(x), sothe
TITATYRL T AN 45 function is neither even nor odd.
_2 —
-3k 54.a. Domain: (—e0,0) U[l, )

range: {l :n#0,nan integer}
n

Copyright © 2015 Pearson Education Inc.



208 Chapter 2 Graphs and Functions

b. The function is constant on (n, n + 1) for
every nonzero integer 7.

1
c. f(—x)zmi—f(x)if(x), so the

function is neither even nor odd.

s5. |f(x)—f(—x)|=‘|—fcl—ﬂ ENE!

—X X X

=[l+1]=20r [-1+(-1)|=2
Thus, |f(x)— f(-x)|=2

56.a. (i) WCI(2)=40
(i) WCI(16)=91.4+(91.4-40)-

(0.0203(16) — 0.304+/16 — 0.474)
=21

(i) WCI(50) =1.6(40)—55=9

b. (i) -58=914+0914-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

(ii) —-10=1.6T -55=T =28°F
2.6 Critical Thinking/Discussion/Writing

57.a. C(x)=17(f(x)—1)+44
=—17([-x]+1)+44

b. C
1.26

1.09

5092
€075

2 0.58

0.4

I

!

{ | | 1 1 1
01 2 3 4 5 6¢«x
Weight (0z)

¢. Domain: (0,0)

range: {177+ 44 :n a nonnegative integer }
58. C(x)=2[x]+4

150 if x <100

59.a. C(x)={—0.2[[x—100]]+150 if x > 100

60.a.

190
180
Z 170
@]
160

150

9 IR I I I I
50 100 150 200 250 300 x

Miles driven

190 = 0.2[x—99]+150
40=0.2[x-99] = 200 =[x-99] =
X = (299, 300] miles

(¥) =[] +[=+]=
(x) —1 if x is not an integer
0 ifx is an integer

f
f

For example, Eﬂ +

—%ﬂ =1+(-2)=-1 and

[3] +]-3]=3+(-3) =0.

oq
—
=
~—
Il

2[x]+1 ifx is not an integer
2 [[x]] if x is an integer

—%H:I—(—z):i

+1=2+1=3 and

For example, H%H -

while 2

[31-[-31=3-(-3)=6=2[3].

h(x)=x—|x|:>

2x  ifx<0
h(x)={0 ifx>0

For example, -3 —|-3|=-3-3=-6=2(-3)
and 3—|3|:3—3:0,
F (x) = x|x| =
F(x)z{—x2 ifx<0

X ifx>0
For example, —4|—4| = —4(4)=-16= 42
and 4[4/=4(4)=16= 4%

G(x)=|x—1|+|x—2|=>

—2x+3 ifx<l1
G(x)z 1 if1<x<2
2x-3 ifx>2

For example, if x = 0, then
G(x)=-2(0)+3=3.If x =5, then
Gx)=2(5)-3=17.
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2.6 Maintaining Skills

61. If we add 3 to each y-coordinate of the graph of
/. we will obtain the graph of y = fix) + 3.

62. If we subtract 2 from each x-coordinate of the
graph of f, we will obtain the graph of

y=flx+2).

63. If we replace each x-coordinate with its opposite
in the graph of f, we will obtain the graph of

y =f(=x).

64. If we replace each y-coordinate with its opposite
in the graph of f, we will obtain the graph of

y==flx).

65. St
L1 1 L1 |
| X
66. " g f
1 1 _I I |
| X
67. "W
g B f
I I | _I I |
| X
68. " f
I 1 1 _I | 1
| X
B g

2.7 Transformations of Functions
2.7 Practice Problems

1.

w =

lg(x)

The graph of g is the graph of fshifted one unit
up. The graph of 4 is the graph of f shifted two
units down.

The graph of g is the graph of fshifted one unit
to the right. The graph of 4 is the graph of f
shifted two units to the left.

3. The graph of f (x) =+x—2+3 is the graph of
g (x) =+/x shifted two units to the right and

three units up.

y
:: fo)=\x—2 +3
L /
3_
5l
1 2(x) =\x

I A I |
0 1 2 3 4 5 6 x

4. The graph of y=- (x - 1)2 + 2 can be obtained
from the graph of y = 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

Copyright © 2015 Pearson Education Inc.
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5.

The graph of y = 2x — 4 is obtained from the
graph of y = 2x by shifting it down by four
units. We know that

-y ify<0.
This means that the portion of the graph on or
above the x-axis (y 2 0) is unchanged while the

portion of the graph below the x-axis (y < 0) is
reflected above the x-axis.

7.a.

8.

8x)

fx)

I N I B
o0 1 2 3 4 5 6 x

The graph of g is the graph of f stretched
vertically by multiplying each of its
y-coordinates by 2.

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

D W B W

—oON—

—L-2§,L

T(-1,0)

ot
—6-5-4-3-2-1 N 2 34 5 <
-2 \ (3,-2)
Shift the graph one unit right to graph
y=f (x - 1).

YA

6__

5__

(-2,4) 2l

y=flx-1) 1

(-4, 0) r(0, 0)

—6-5-4-3-2-1 | 345 %
2+ 4,-2)

Compress horizontally by a factor of 2.

Multiply each x-coordinate by % to graph
y=f (2x - 1).

Compress vertically by a factor of %
Multiply each y-coordinate by % to graph

y=7f(2x-1).

Shift the graph up three units to graph
y=1/f(2x-1)+3.

(continued on next page)
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(continued)

—-6-5-4-3-2-1 1 12345 %
_2._

2.7 Basic Concepts and Skills

1. The graph of y = f(x)—3 is found by

vertically shifting the graph of y = f(x) three

units down.

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.

4. The graph of y = f(—x) is found by reflecting

the graph of y = f(x) about the y-axis.

5. False. The graphs are the same if the function is

an even function.

6. False. The graph on the left shows y = x? first
shifted up two units and then reflected about the

x-axis, while the graph on the right shows
y= x? reflected about the x-axis and then
shifted up two units.

y y
\oF 10+
\

I\\II_\\III I | I I |
10x -10 /

\'1/—10

7.a. The graph of g is the graph of f shifted two

units up.

b. The graph of & is the graph of f shifted one

unit down.

8.a. The graph of g is the graph of f shifted one

unit up.

N~
T T T 1

P
<«-—==

—

(=}

=

10.a.

11.a.

12.a.

13.a.

14.a.

15.a.

16.a.

17.a.

18.a.

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 left.

The graph of 4 is the graph of f shifted two
units to the right.

The graph of g is the graph of f shifted 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 fshifted one
unit left and two units down.

The graph of 4 is the graph of f shifted one
unit right and three units up.

The graph of g is the graph of freflected
about the x-axis.

The graph of 4 is the graph of freflected
about the y-axis.

The graph of g is the graph of freflected
about the x-axis.

The graph of 4 is the graph of freflected
about the y-axis.

The graph of g is the graph of f stretched
vertically by a factor of 2.

The graph of & is the graph of f compressed
horizontally by a factor of 2.

The graph of g is the graph of f vertically
stretched by a factor of 2.

The graph of 4 is the graph of f horizontally
compressed by a factor of 2.

The graph of g is the graph of f shifted two
units to the right and one unit up.

The graph of 4 is the graph of f shifted one
unit to the left, reflected about the x-axis, and
then shifted two units up.

The graph of g is the graph of freflected
about the x-axis and then shifted one unit 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 4 is the graph of f stretched
vertically by a factor of three and then shifted
one unit down.
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19.a. The graph of g is the graph of fshifted one 37.
unit up.
b. The graph of & is the graph of f shifted one
unit to the left.
20.a. The graph of g is the graph of f shifted one
unit left, vertically stretched by a factor of 2,
reflected about the y-axis, and then shifted 4
units up.
b. The graph of 4 is the graph of f shifted one 38. yg N
unit to the right, reflected about the x-axis, h(x) = lx — 21
and then shifted three units up. i_
21. 22. ¢ 23. ¢ 24. h
25. 2. a 27. b 28 k ot e
_2 —
29. 30. f 31. d 32. ] 4l
33. y
101~ 39.
8 —
6 —
4 —
2 —
R
-6 —4— x
_\b fy=xr-2 -
_4 —
34. y
10
8
6
40. y p
21 10
[ [ sl
—6-4-20 2 4 6 x
_4 —
o=@ +27°
y | |1
3s. L o420 T4k
[ Z‘W T4
—4-20 2 4 6 8% -6
_2 —
78 —
4T -10}-
36. Y
4 —
2 —
[ L1 1 &
—-4-200 2 4 6
_2 —
4 8w = -4
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\\246x

= - =
— =
= —o < ©
—| Il
I 1 S b
=
= N S0 ~
%%
L1 171 1 [ (- [
= =
RS © © ¥ A 4. A_w B
i o
17 T
o ©
| |
[ o =)
- - A
= =
Y —to
— wv
+ < | —=
= S =~ —
N o
[ L1 1 T [
R < + A [Oa < © NI B s ST
R R P _
! I ,
— |
X —~ e —{~
So | %
7 A\\Jo
|

41.

42,

[, )
—4L
y
1
8

|

—6—4-2 0

2 4 6 8 Xx

-

43.

—4—20

_2_

—4 1 h(x)

4

2

—(x+ 1)

h(x)

44.

=[x 4

h(x)

-8-6-4-20

~10

45.

46.

—6—4-20

-2
4t
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51.

52.

53.

54.

55.

56.

fx) = 2(x+1)2 -1

y

6

4

2
| L1 1
—6—4—2\,04 2 4 6 x

= —@-1?
|

L1
4 6 x

(800 =2 — (x+3)?

|
o
N

|
[\
(e
o
~
o
=

™ h(x) =1—xl

[
—-6-4-20 2 4 6 X

58.

59.

60.

61.

62.

63.

fix) = —Ix + 3] +1
I 1 N

S =N
T

e

—6

Y

i =2-f%

h(x) = 2[[x +1]]

— [ g

— @O

[ - -
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65. y=—|x 66. y=+/-x 7. T ees

67. y=(x-3%+2  68. y=—(x+2)’ (;;jyf//’

6. y=—Vx+3-2  70. y=-1(Jx-2) 30 :I L
q

M. y=3-x+4P+2 72 y=—(-x+1)+1 i

73 y=-2f-4-3 T4 y=]-x-2-3

80- y_ (8’5)
75. y /
/(474) (-2,3) g —1
(-1,2) r /—
= (=6, 1) ~
! L Ll AN NN
(-3,0) i x i x
81.
76. y
ﬂg)
7/_
(=3,4 :
L1 L1
X
82.
77. y
L1 L1
(=3.-D x L [ R R N
B X
1, -3 TS i
B @,=5)
83. " @ 10)
78. (—4.5) ¥ /
() -1.6) 9" T
:\\(3’1) I
L1 L1 %, B
[ | | | | | | | |
[ X
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84. y

X
85. y/(5,7)
y
2.3 L
IR A
X
86. L O
| o(3
J(T )
1
/_ (7’74)
-2.-6) |
87. y
3
(2’5.)\—\1,&
- @1
N RN
X
88.
89.a. y
6 s, 5)
4
(1,3)
y=g/(y
[ N
6 —4/-2 0 2 4 6 =x
(—4,—1) -2 G0

b. 7
6

4

y =g
D K/

r (5.5

(1,3)

-6 —4 -2 0

-2+

90.a. Y

(=4,4)

2 4
3,0

91.a. Y

(10, 4)

2,2)

AV

s 12
L6, —1)
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217

92.a.

93.a.

y
6.—
—25.4
( )4
(—0.5,2) -
| | | \ | | |
"6 4 Yo N2 4
-15-1) | @=2
y
6~ y = |g)|
(=25, 4)
4_
2,2)
(—0.5,2) -
(=15, 1) \/
| | | | |
"6 4 2 0] 2 4
72_
y
6.—
6,4)
4_
(2,2)
2_
| | Pl | | |
4 2 A 2 6
L @
(-3,-2)

94.a. Y

(=3,4)

—~
|

—

—

=
|

()
T

of 2 4 6 8 «x
_2_
95.a. Y
(=5,7) 81~
6~ (2.5)
4_
2_
| | | { | | |
-6 —4 -2 2 \4 6 X
(0,71));_
74_
4, =5)
b. Y
(=5.7) sl y=ls®|
2,5)
“,5)

96.a. Y
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b. (—4.6) - 100. A(x)=1.05f(x)
ol ¥=law
0.4 101, p(x)=1.02(f (x)+500)
2t L1f(x) if f(x)<30,000
(-2, 1) (5,0) 102. g(x)= { .
>
—é —zlt _é - é Ne_L - 1.02f(x) 1ff(x)_30,000
2 103.a. Shift one unit right, stretch vertically by a
4l factor of 10, and shift 5000 units up.
C
—or 5030
5025 -
Z 5020
97.a. y S Sots|- C)
B g 5010~
-2,5 [ < 5005~
5000~
4995
I N B

1 2 3 4 5 x
Number of employees

* b. (C(400)=5000+10+/400-1=$5199.75
104.a. For the center of the artery, R =3 mm and
r=0.

(-1.-9) v=1000(3? ~0?)=9000 mm/minute

b. For the inner linings of the artery, R = 3 mm

)7
b. (%7) and » = 3 mm
c25etd v=1000(37 =3) =0 mm/minute
c. Midway between the center and the inner
((UN)) linings, R =3 mm and r = 1.5 mm
o s v=1000(3? 1.5} = 6750 mm/minute
98.a. " 105.a. Shift one unit left, reflect across the x-axis,
(3.2 7(1, 3 and shift up 109,561 units.
y
A - 109,600 =
L1 v'/ S £ 109,500
5 B % 109,400
(-3 _l): £ 109300
(_%’ _3) L Z 109,200
109,100 -
A I I
b. Y 4 8 12 16 20p

Price (cents)

(2.9 s34 Fpoo
a b. 69,160=109,561—(p+1)2
I | | |

L/ > 40,401=(p+1)*
1) [ 201= p+1= p = 200¢ = $2.00
- c. 0=109,561—(p+1)>
i 109,561 =(p +1)°
2.7 Applying the Concepts 331= p+1= p=330¢ = $3.30

99. g(x)= f(x)+800
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106. Write R(p) in the form —3(p —h)? +k : 112. f(x)=x>-6x= (x2 - 6x+9) -9
R(p)=-3p?* +600p = -3(p* —200p) =(x-3)>-9
Complete the square Shift three units right and 9 units down.
=—3(p2—200p+10,000)+30,000 Y
= 3(p —100)2 + 30,000 i)_
To graph this, shift R(p) 100 units to the right, 16 B
stretch by a factor of 3, reflect about the x-axis,
and shift by 30,000 units up. NE
1 L1 1 1 1 L1
107. The first coordinate gives the month; the second _2_1_;)_‘ 234547 8
coordinate gives the hours of daylight. From ’
March to September, there is daylight more than -1or
half of the day each day. From September to
lg/larch, more than half of the day is dark each 113. f(x)= 24 0= (xz Tt 1) +1
ay.
y =—(x—1?+1
Z: Shift one unit right, reflect about the x-axis,
3 6,2) shift one unit up.
%:pio) LN y;_
oL 4 6 8 121 L
-2 —.(]/:1 7) \Kﬂ 1
(12, -2) L1t N1 1
—4-3-2-1¢ 1 3 45 6%
108. The graph shows the number of hours of 3 B
darkness. -
y -5
155 1137 (12, 14) .
3, 12)
0 6.1 14, f(0)=-2"=2x=—(x" +2x+1)+1
(6,10) 2
=—(x+1)"+1
T L Shift one unit left y
ol ’
2o e s Rt reflect about the i
2.7 Beyond the Basics x-axis, shift one A
unit up. 6 —oN 1 >
. . . -1 :
109. The graph is shifted one unit right then reflected A
about the x-axis, and finally reflected about the -3
y-axis. The equation is g (x)=—1—x. sk
110. The graph is shifted two units left and then -7 B
reflected about the y-axis.
The equation is g (x)= f (-2 - x). 115, f(0=2x" —4x=2(x" ~2x+1)-2
2
111. Shift two units left and 4 units down. =2(x-1" -2
y Shift one unit "
T right, stretch oL
s vertically by a 5
factor of 2, shift 41
AN two units down. B
-7 -5 \3 -19l 1 3% |
[ S AR
B —4-3-2—1 0\ 1 3456«
3 -1
L -2
-5 5k
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116. f(x)=2x>+6x+3.5 119.
= 2(x2 +3x+1.75+0.5)—1

=2(x+1.52% -1
Shift 1.5 units left,
stretch vertically by
a factor of 2, shift
one unit down.

é*é*i*gfu{)_ I1 é é éll X 120. *—O );— *—O
5 o - [ e}
O 3 O
2 2 =0 O
117. f(x)=-2x"-8x+3=-2(x"+4x-1.5) ._Kﬁ).._o
5 [ L1
=—2(x +4x—1.5+5.5)+11 0 ST
=-2(x+2)2 +11 121.
Shift two units left, stretch vertically by a factor
of 2, reflect across the x-axis, shift eleven units
up.
y —
Y/ R I
—6-544-3-—2-10[\1 2 3 4 «x | l
—4r -5 5 X
_8 —
- 122. y
12+ 10
—161 9
- 8
—201- .
118. f(x)=-2x>+2x—1=-2(x*—x+0.5)
= —2(x2 —x+ 0.5—0.25)—0.5
= 2(x? - x+025)-05 :
| |
=-2(x-0.5)*-0.5 =5 3 1001 3 5%
Shift 0.5 unit right, stretch vertically by a factor 123. y
of 2, reflect across the x-axis, shift 0.5 unit
down.
2
y
[ [ I B 1
—43-2-10/N 234 56X L Lo
3 —2 -1 0 1 2 3 X
124.
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2.7 Critical Thinking/Discussion/Writing

125.a.

126.a.

127.a.

The function is shifted three units to the right,
so the x-intercept is =2 + 3 = 1. The
y-intercept cannot be determined.

The function is stretched horizontally by a
factor of 5, so the x-intercept is not affected
and remains at —2, while the y-intercept is
5-3=15.

The function is reflected about the x-axis, so
the x-intercept is not affected and remains at
-2, while the y-intercept is —3.

The function is reflected about the y-axis, so
the x-intercept is 2, while the y-intercept is
not changed and remains at 3.

The function is shifted two units to the left,
so the x-intercept is 4 — 2 = 2. The y-intercept
cannot be determined.

The function is stretched horizontally by a
factor of 2, so the x-intercept is not affected
and remains at 4, while the y-intercept is
2(-H)=-2.

The function is reflected about the x-axis, so
the x-intercept is not affected and remains at
4, while the y-intercept is 1.

The function is reflected in the y-axis, so the
x-intercept is —4, while the y-intercept is not
changed and remains at —1.
gx)=h(x-3)+3

The graph of g is the graph of # shifted three
units to the right and three units up.

gxX)=h(x-D-1.
The graph of g is the graph of & shifted one
unit to the left and one unit down.

g(x)=2h(%xj.

The graph of g is the graph of # stretched
horizontally and vertically by a factor of 2.

g(x)= —3h(—%x].

The graph of g is the graph of # stretched
horizontally by a factor of 3, reflected about
the y-axis, stretched vertically by a factor of
3, and reflected about the x-axis.

128

2.7

129

130. (x2 +2x)+(6x3 - 2x+5) =6x° +x%+5
131. (5x2 +6x—2)—(3x2 —9x+1) =2x2 +15x-3
132. (x3 +2)—(2x3 +5x—3)=—x3 —5x+5
133. (x - 2) (x2 +2x+ 4)
=0 +2x7 +4x—2x> —4x-8
_ .3
=x" -8
134. (x2 +)c+1)()c2 —x+1)
S S I e |
=x*+x%+1
2x-3
135. X)=———
f ( ) x> —5x+6
The function is not defined when the
denominator is zero.
X -5x+6=0=(x-2)(x-3)=0=>x=2,3
The domain is (—ee, 2)U(2, 3)U(3, ).
136. f(x)= 22
x“ =4
The function is not defined when the
denominator is zero.
2-4=0=(x+2)(x-2)=0=>x=-2,2
The domain is (—eo, —2)U(-2, 2)U(2, o).
137. f (x) =+/2x-3

Cy=f)= f(—%(—“)j.

Stretch the graph of y = f(—4x) horizontally
by a factor of 4 and reflect it about the y-axis.

Maintaining Skills

) (5x2+5x+7)+(x2+9x—4)=6x2+l4x+3

The function is defined only if 2x — 3 > 0.

2x—320=>2x23=>x2%

The domain is {%, ooj.
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1
138. f(¥)= =

The function is defined only if 5 — 2x > 0.
5—2x>0:>—2x>—5=>x<%

.. 5
The domain is | —eo, 5 .

2.8 Combining Functions;
Composite Functions

2.8 Practice Problems

1. f(x)=3x—1, g(x)=x2+2
(f+2)(x)=f(x)+2(x)

=3x—1+x>+2=x>+3x+1

(f-2)(x)=f(x)=g(x)

3x 1 (x +2)=—x2+3x—3

(f2)(x)= £ (x)-2(x)

= (Br-1)(x? +2) =37 - x? + 6x-2

(oS50

2. f(x)zm, g(x)=\/3——x

The domain of f'is [1, oo) and the domain of g

is (—e, 3]. The intersection of D;and D,,
D;ND, =[1,3].
The domain of fg is [1, 3].

The domain of i is [1, 3).
g

The domain of % is (1, 3].

4. f(x)=2—x, g(x)=2x2+1

a. )=2(f(x)=2(2-%)
=2( x)
=2( —4dx+x )
=8—8x+2x> +1=2x>-8x+9
b. (fog)(x)=

Flg(x)= f(2x2+1)
=2- (Zx +1)—1 2x2

c. (gog)(x)= g(g(x))=g(2x2 +1)
2(2x2 +1)2 +1
2(4x4 +4x2 +1)+1

=8x* +8x%2+3

f(x)z Nx+1, g(x)zé

Let A={x|g(x) is defined}.

g (x) is not defined if x = 3, so
A=(—e0,3)U(3, o).

Let B={x| f(g(x)) is defined}.

T e e

£ (2 (x)) is not defined if x = 3 or if 21 <0,
X—
x-1=0=x=1
Interval Test Value of Result
point x—1
x=3
(—oo, 1] 0 1 +
1, 3) 2 -1 -
(3, =) 4 3 +
flg (x)) is not defined for [1, 3), NYJ
B= (== 1)U, =),
A | | ! | S |
-1 0 1 2 3 4
B | | ¢ | N |
-1 0 1 2 3 4
ANB | | 6 | N |
-1 0 1 2 3 4

The domain of fog is
ANB = (oo, 1]U(3, ).
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6. f(x)=+x-1, g(x)= 4—x? 8.a. A=f(g(t))=f(g(3))=f(3t)

=7 (3)" = 9>

b. A=9m> =97(6)" =324z
—afd— 2 _
=Vv4 ! The area covered by the oil slick is
The function g(x):\/4—x2 is defined for 3247 = 1018 square miles.
4-x?>0=x*<4=-2<x<2. So, 9.a. r(x)=x-4500
A=[-2,2].
b. d(x)=x-0.06x=0.94x
The function f (g (x)) is defined for
I 1500 i 510 ¢ i (rod)(x)=r(0.94x)=0.94x—-4500
4-x"21= 2" 234" <3 ii. (d o r)(x)=d (x—4500) = 0.94 (x — 4500)
~B<x<B3 =0.94x-4230
So, B=|—/3,43]. d. (dor)(x)-(rod)(x)
A 6 L l l ¢ ! = (0.94x —4230) - (0.94x — 4500)
-2 -1 0 1 2 3 =270
B _|\/§ _i (l) i q%lz |3 2.8 Basic Concepts and Skills
| @ | | ] o |
A 3 -1 0 1 32 3 L (g-f)(2)=4-12=-8
The domain of fog is 2. g(x)=[f(x)+g(x)]—f(x)
AﬂB:|:—\/§, \/g:| =0—(2x—l)=1—2x
b (s01)()= 67 ()= {s-(Vo1) > (eall=fle()=s )=t
=J4-(x-1)=5-x 4. (gof)W)=2g(f(1)=g(4)=7
The function f (x)=+/x—1 is defined for 1 1
x=120=x21. So, A=, o). 3. False. (fog)(x):f(g(x)):f(EJZE
The function g (f (x)) is defined for 6. False. For example, if f (x):2x and
5-x20=>52x, orx<5. So, |
B=(-o0,5]. g(x)zzx,then
A I 6 | | | | 1 1
0 1 2 3 4 5 (fog)(x)=f(—xj=—-2x=x and
2 2
B | | ! | | Iy
0 1 2 3 4 5 _ _ R
o (200)()=8(/ (1) =8 2x)= 122 =x.
0 1 2 3 4 5 7o (f+8)(l)= FCD+ 2D
. . .a. —1)= - -
The domain of go f is ANB=[l, 5]. & :2(—1)+—g(—1):—2+1:—1
7. H(x)= 12 , g(x)=v2x?+1 b. (f-g)(0)=f(0)-g(0)=2(0)-(-0)=0
2x° +1
. -2)(2)=f(12)-g(2)=2(2)-(-2)=-8
()L then e (f8)(2)=r@s@=22) 2
X
f S _2a)
1 d [—|(l)=—F=—F=2
H()= (7 o 8)(0)= 7 (V27 1) . Lo-25-%
x°+
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8.a. (f+8)(_1)=f(_1)+8(_1) C. f'gz(x—3)x2=x3—3x2;
=(1-1?)+(-1+1)=0 domain: (=0, o)
b _ f x-3 .
- (f-2)(0)=f0)-2(0) d. = =-==; domain: (=o,0)U(0,)
=(1-0%)-(0+1)=0 & X
2
e (f-8)2)=r2-22 e. §=XX_3; domain: (~so,3) U (3,c0)
=(1-2%-2+D)=-9
) 12.a. f+g=x>+2x—1; domain: (—oo,o0)
d. (i}(l):&:_l_l =
8 g 1+1 b. f—g=2x—l—x2=—x2+2x—1;
9.a. (f+g)(-1)=f(-D+g(-1) domain: (7<=.<2)
1 2 3 2
= +(2(-D+1)=0 ¢ f-g=Q2x-Dx"=2x"-x7;
V=142 ( ) domain: (—co, o)
b. (f-g)(0)=f(0)-g(0 _
(f-2)(0) f(1) £(0) 5 N 1=2x21;domain:(—oo,())u(o,oo)
= -20)+1)=—- & X
NVO+2 2
g _ x? ) . 1 U 1
c. (f-8)(2)=r2-52 AT TET Rl Y b Ph
1 5
_\/2+2'(2(2)+1)_5 13.a. f+g=(x3—1)+(2x2+5)=x3+2x2+4;
1 domain: (—oo, o)
Sl SO _Ni+2 1 N3 b. f-g=(x*-1)-(2x2+5)=x*-2x%-6;
* (gJ(l)_g(D_z(ml_M_ 9 + fme=( o)) -2 -0
domain: (—oo, o)
10.a. -1)=f(- -
0.a. (f+g)(-1)=/( b+sCh e fg=(v-1)(2e+3)
" ecnes 7Y = 20" +5x7 =227 -5,
1 59 domain: (—oe, o)
=—E+4=E
f_ox-1 o
b. (f—g)(O)zf(O)—g(O) d. g—2x2+5,d0maln.( ,0)
0
= —(3-0)=-3 2
0% -6(0)+8 . §=2x3 +15;d0main: (o0, 1) U (1, 00)
JEI
e (f-8)(2)=r(2 52
2 2 14.a. f+g=(x2—4)+(x2—6x+8)
=———(3-2)==1>
2°-6(2)+8 0 =2x% = 6x + 4;domain: (—oo, )
the product does not exist.
| b f-g=(x"-4)-(x?-6x+8)=6x-12
_ 1 n: (—oo, co
g g 3-1 2 6 . frg=(x"-4)(x*-6x+3)
11.a. f+g=x>+x—3; domain: (—oo, o) = xt =627 +4x7 +24x-32;
domain: (—oo, o)
b. f—g=x—3—x2=—x2+x—3;

domain: (—oo,0)
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d.

15.a.

16.a.

f_ P-4 (x+2)(x-2) x+2
x?—6x+8 (x—4)(x-2) x-4
(x)=0 if x =2 or x =4, so the domain is

(—0,2)U(2,4)U(4,0).

8
g
2 —6x+8 (x—-4)(x-2) x-4

g = =
f x? -4 (x+2)(x-2) x+2
f

(x)=0 if x = =2 orx =2, so the domain is

(o0, —2)U(=2,2) U (2,0).
f+g=2x++/x~1; domain: [0,e)
f - g =2x~-+/x~1; domain: [0,e)

frg=Qx-1x=2xJx—x;

domain: [0,0)

i = 2e1 ; domain: (0, o)

g Jx

£ - Jx ; the numerator is defined only
f 2x-1

for x = 0, while the denominator = 0 when

X = l, so the domain is [O,l)u(l’wj_
2 2

2
f+g=(1—lJ+l=1

xX) x
Neither f'nor g is defined for x = 0, so the
domain is (—oe,0) U (0, o0).

f—g=(1—1J—l=l—g;

X X X

domain: (—e0,0) U (0, =0).

1)(1 1 1 x—1
N B
domain: (—eo,0) U (0, >).

1 x-1
S -
Lo x__x
g 1 1
X X

Neither fnor g is defined for x = 0, so the
domain is (—oo,0)U (0, =0).

X X
Neither fnor g is defined for x = 0, and g/fis
not defined for x = 1, so the domain is

(—o0,0) U (0, U (1, 00).

Frg= 2 L _2+x
8 x+1 x+1 x+1
Neither fnor g is defined for x = —1, so the
domain is (—oo,—1)UJ (=1, ).

Fog= 2 X 2—x
& x+1 x+1 x+1
domain: (—eo,—1) U (=1, ).

f.g=(xil)(lej=(xixl)2.

domain: (—e0, 1)U (=1, ).

2
i: x+1 :Z
8 X X

x+1

Neither f nor g is defined for x=—1, and f/g
is not defined for x = 0, so the domain is

(=eo,=1)U (=1, 0)U (0, 0).

-

—

S_ox+1_ X
g 2 2

x+1
Neither fnor g is defined for x = —1, so the

domain is (—eo,—-1)U (—1, oo).

5x—1 ( )_4X+10
Tox+l

_5x—-1_ 4x+10 _9x+9
fre= x+1 * x+1  x+1
9(x+1
x+1
Neither f nor g is defined for x = —1, so the

domain is (—e0,—-1)U (—1, oo).

f- _5x—1 4x+10_ x-11

§= x+1 x+1  x+1

Neither fnor g is defined for x = —1, so the
domain is (—eo,—1)U(-1, ).
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o f- _5x—1 4x+10 _ 20x” +46x-10
) 85341 T x+l

x2+2x+1
Neither f nor g is defined for x = —1, so the

domain is (—eo,—1)U (—1, oo).

5x—1
d i_ x+1 _ 5x—-1

g 4x+10 4x+10
x+1

Neither f nor g is defined for x = —1 and
f/g isnot defined for x=-5/2, so the

domain is (—%—%)U(—g, —1)U(_L ).

4x+10

e, 8 __x+l _4x+10
Cf 5x-1 0 5x-1
x+1

Neither f nor g is defined for x = —1 and
g/f isnot defined for x=1/5, so the

domain is (—oo,—l)U(—l, éjU(%, ooJ.

19. f(x)=2—; g(x)=—2%

2 2(y_
a. frg=—_4 2 (x-1)

_ x° = x% +2x
x? -1
fis not defined for x = —1, g is not defined for

x ==1, and f + g is not defined for either —1
or 1, so the domain is

(—oo,=1)U (-1, HU(1, o).

b. f-g= x2 _2x :xz(x—l)_ 2x
x+l x2 -1 x*-1
o2y x(xz—x—Z)

I x?-1

_x(x—2)(x+l)_x2_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(L, o).

c. f-g= x? 2x 2x°
) x+1 42

-1 P4x?-x-1

fis not defined for x = —1, g is not defined for
x = =1, and fg is not defined for either —1 or
1, so the domain is

(=0, —1)U (-1, HU(1, o).

2
x
g Lot 2 -1 x(x-)
g 2x x+1  2x 2
xr-1

fis not defined for x = —1, g is not defined for

x==1,and f/g isnot defined for either -1
or 1, so the domain is

(=0, —1)U (=1, HU(1, o).

2x
e £=x2_1= 2x ‘x+1= 2
) S x2 x2-1 x? x(x—l)
x+1

Neither f nor g is defined for x = —1 and
g/ f is not defined for x = 0 or x = 1, so the

domain is (—ee,—1)U(=1,0)U(0, 1)U(1, o).

-3 x—3
20. x)=—= P g(x)=———
f() X ( x2 +9x+20
x-=3 x-3
a. f+g= +
U 2 =25 x*+9x+20
x=3 + x=3
(x—5)(x+5) (x+4)(x+5)
_(x—3)(x+4)+(x—3)(x—5)
B (x—5)(x+5)(x+4)
_xP+x—12+x>—8x+15
x> +4x? =25x-100
_ 2% —7x+3
x> +4x% —25x-100
fis not defined for x = -5 and x =5, g is not
defined for x = —4 and x = -5, and f + g is not
defined for -5, 5 or —4, so the domain is

(—eo,=5)U(=5, —4)U (-4, 5)U(5, =°).
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-3 x=3 2x 2x—17
b. f_gzx - 21.fx_ ; g (x)=—"—"———
x? =25 x*4+9x+20 ) x*-16 ) x? =Tx+12
_ x—3 _ x—3

(x—5)(x+5) (x+4)(x+5)
B (x—3)(x+4)—(x—3)(x—5)
B (x—5)(x+5)(x+4)

x2+x—12—(x2—8x+15)
T 3 +4x? 255100

_ 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

(=o0,=5)U (=5, = 4)U (=4, 5)U(5, =).

c. f-g= x—3' x-3
x2 =25 x> +9x+20
(x-3)°

( 2 2
x 25)(x +9x+20)

x> —6x+9
x* +9x% —5x% —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

(—eo,=5)U(=5, —4)U (-4, 5)U(5, =°).
x=3

a Lo _x?-05

g_ x-=3
x2 +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 or x = 3, so the domain is

(=o0,=5)U (=5, = 4)U (=4, 3)U(3, 5)U(5, ).

x-3
8 _ x> +9x+20
f x-3

x? =25

(x+5)(x+4). x=3 Cx+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

_ x-3 (x—S)(x+5)_x—5

defined for x = —4 or x = 3, so the domain is

(—e0,=5)U (=5, —4)U (-4, 3)U(3, 5)U(5, ).

2x 2x-17
> f+g_x2—16+x2—7x+12
_ 2x + 2x—17
(x—4)(x+4) (x—4)(x—3)
_2x(x—3)+(2x—7)(x+4)
a (x—4)(x+4)(x—3)
_2x?—6x+2x>+x-28
C X -3x? - 16x+48
4x* —5x-28
TP -3x? —16x+48
fis not defined for x = —4 and x = 4, g is not

defined for x =3 and x = 4, and f + g is not
defined for —4, 4, or 3, so the domain is

(—e0,—4)U (-4, 3)U(3, 4)U(4, o).

_2x  2x-7
T T i
_ 2x B 2x-17
(x—4)(x+4) (x—4)(x—3)
:2x(x—3)—(2x—7)(x+4)
(x—4)(x+4)(x—3)
_2x7 —6x— (247 + - 28)
(x—4)(x+4)(x—3)
—Tx+28
(x—4)(x+4)(x—3)
—7(x—4)
(x—4)(x+4)(x—3)
_ 7
(x+4)(x—3)
fis not defined for x = —4 and x = 4, g is not

defined for x =3 and x = 4, and f + g is not
defined for —4, 4, or 3, so the domain is

(—o0,—4)U (-4, 3)U(3, 4)U (4, ).

c. f-g= 22x .22x—7
x° =16 x~=T7x+12
B 4x% —14x
St o7 —ax? +112x0-192
fis not defined for x = —4 and x = 4, g is not

defined for x = 3 and x = 4, and fg is not
defined for —4, 4 or 3, so the domain is

(—o0,—4)U (-4, 3)U(3, 4)U (4, ).
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2x
f_ x*-16
d. g 2x-7
x> =Tx+12

B 2x ‘(x—4)(x—3)

S (x-4)(x+4) 2x-7

_ 2x% —6x

267 +x-28
fis not defined for x = —4 and x = 4, g is not
defined forx=3 and x=4, and f/g is not

defined for x=—4 and x=7/2, so the

domain is
ANNG
(coo—4) U (4, 3)u(3, EJU(E, 4)
U(4, =).
2x—17
o, & _x2-Tx+12
Cf 2x
x*-16
_ 27 (x=4)(x+4)
~(x-4)(x-3) 2x
_@x-7)(x+4) 227 +x-28
ZX(X—S) 2x2—6x

fis not defined for x = —4 and x = 4, g is not
defined forx=3 and x=4, and g/f isnot
defined for x = 0 and x = 3 so the domain is

(—o0,—4)U (-4, 0)U(0, 3)U(3, 4)
U(4, ).

2 3
x“+3x+2 2x” +8x
22.a. +g=
U x>+ 4x W +x-2
(x+2)(x+1)  2x(x7+4)
= +
x(x2+4) (x—l)(x+2)
_ 2x8 +17x* +4x3 +35x% —4x -4

x(x2 +4)(x—1)(x+2)

C2x® 4170t + 4 +35x7 —dx -4
X+ xt +2x3 +4x% - 8x

fis not defined for x = 0 and g is not defined
for x =-2 and x = 1, so the domain is

(—eo, =2)U(=2, 0)U(0, 1)U(1, =0).

d.

2x° +8x

x> +4x _x2+x—2
_(e+2)(re1) 2x(7+4)
B x(x2+4) (x=1)(x+2)

_2x8 —15xt +4x® —29x7 —4x -4

x(x2 +4)(x— 1)(x+ 2)
_ 200 415xt —4x7 +29x% +4x+4
X+ xt 2 +4x? -8y
fis not defined for x = 0 and g is not defined
for x =-2 and x = 1, so the domain is

(—eo, =2)U(=2, 0)U(0, 1)U(1, o).
c. fog= x2+3x+2 [ 2% +8x
' 8 ¥ +dx X2 +x=2

[e2)(re) 2x(x? +4)
x(x2+4) (x—l)(x+2)

_2x+2

2
x“+3x+2
b. f-g=

x=1
fis not defined for x = 0, g is not defined for

x=-2and x = 1, and fg is not defined for
x =1 so the domain is

(—eo, =2)U(=2, 0)U(0, 1)U(1, =0).

X% +3x+2 7(x+2)(x+1)
Rt 2
iz X +4x - x(x +4)
8 207 +8x 2x(x2 + 4)
2
X" +x=2

(x - 1) (x + 2)
(x+2)* (x=1)(x+1)
2x2 (x2 + 4)2
_ xt+4x® +3x2 —4x-4
C 20+ 16xt + 3247
fis not defined for x = 0, g is not defined for

x=-2andx=1,and f/g is not defined for
x =0, so the domain is

(=0, =2)U(=2, 0)U(0, 1)U(1, o).
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2x% +8x 2x(x2 +4)
8 _ 2 4+x=2 _ (r-1)(x+2)
f ox2+3x+2 (x+2)(x+1)
x> +4x x(x2 + 4)
2x2 (x2 + 4)2
(x+2)* (x=1)(x+1)
o 2x%+16xt 43247
Cxt a4’ 437 —dx-4
fis not defined for x = 0, g is not defined for
x=-2andx=1,and g/f is not defined for

e.

x=-2,x=-1,and x = 1, so the domain is
(=e0, =2)U(=2, -1)U(-1, 0)U(0, 1)
U(L, ).
23 f(x)=Vr-1, g(x)=5-x
f(x) is defined if x—1>0=> x>1. Thus,
D, =[1, ). g(x) is defined if 5-x>0=
-x2-5= x<5. Thus, D, = (—oo, 5].
a. The domain of fg is D, D, =[L 5].
b. f/g isnotdefined for /5—x=0=> x=5,
so, the domain of f/g is [1, 5).

24. f(x)=vx-2, g(x)=vx+2
f (x) is defined if x—22>0= x> 2. Thus,
Dy =[2, ). g(x) is defined if x+220=
x2-2. Thus, D, = [—2, oo).
a. The domain of fg is D, D, =[2, ).
b. f/g is not defined for

Nx+2=0= x=-2. Since -2¢ D, D,,
the domain of f/g is D; N D, =[2, ).

25. f(x)=x+2, g(x)=\/ﬁ
f (x) is defined if x+22>=0= x> -2. Thus,
Dy =[-2, ). g(x) is defined if 9—x* >0=
9> x? = -3<x<3. Thus, D, =[-3, 3].
a. The domain of fg is D, D, =[-2, 3].
b. f/g is not defined for

9—x2 =0= x=13.
Thus, the domain of f/g is [-2, 3).

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

f(x)=\jx2—4, g(x)=\/25—x2

f(x) is defined if x*-420=x*>4=
(—eo, —2]U[2, o).

Thus, D, = (-0, —2]U[2, ). g(x) is defined

if 25-x?>0= 25> x> = -5<x<5.
Thus, D, =[-5, 5].

a. The domain of fg is
D,ND, =[-5,-2]U[2, 5].
b. f/g is not defined for
25-x* =0= x = 5. Thus, the domain of
flg is (-5, -2]U[2, 5).
(g0 f)(x)=2(x*-1)+3=2x +1;
(g0 f)(2)=2(2%-1)+3=9;
(g0 f)(-3)=2((-3-1)+3=19
(g0 f)(x)=3x+1P =1=3(x? +2x+1)-1
=3x% +6x+2
(g0 £)(2)=32+1 -1=26
(g0 f)(-3)=3[(=3)+1 -1=11

(fog)(2)=2(22Y)-3)+1=11

(g0 f)(2)=2(22)+1)" =3=47
(fog)(-3)=2(2-3)2-3)+1=31
(g0 f)(-5)=2(2(-5)+1)* =3=159

(g0 f)(a)=2(2a+1)" -3
=2(4a2+4a+1)—3
=8a’ +8a—-1

(g0 f)(-a)=2(2(-a)+1)* -3

=2(4a” —4a+1)-3
=8a>-8a—-1

(fof))=2(2M+1)+1=7

(gog)(-1)=2(2¢-1? —3)2 ~3=-1
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2 2 _2 43. =2x-3, = x+4
3. (fog)) === fl)=20-3 g(x)=x
Lo XLoxHd Domain of f = (—eo, o)
X X .
The domain of g is (=se, 0)U (0, o). Since Domain of g = (=, )
—1 is not in the domain of f, we must exclude a. (fog)(x)=2(x+4)-3=2x+5;
those values of x that make g(x) = —1. Domain: (—oo, o)
1
;z—l:xz—l b. (gof)(x):(Zx—3)+4=2x+1;
Thus, the domain of fo g is Domain: (—ce, )
(—eo, —1)U(=1, 0)U(0, oo). c. (fof)(x)=2(2x-3)-3=4x-9;
| | Domain: (—oo, o)
38. (fog)(x)=— iy T2-(x+3) d. (gog)(x)=(x+4) +4=x+8;
x+3 x+3 Domain: (—oo, o)
x+3 _ x+3
T x—-1 x+1 44. f(x)=x—3, g(x)=3x—5

39.

40.

41.

42,

The domain of g is (—e,-3)U (0,-3). Since 1 is
not in the domain of f, we must exclude those
values of x that make g(x) = 1.

2
x+3
Thus, the domain of f o g is

(=0, =3)U(=3, —1)U(-1, ).

=l=2=x+3=x=-1

(f og)(x) = \/(2—3x)—3 =/-1-3x.
The domain of g is (—oo,). Since fis not
defined for (—oo, 3), we must exclude those

values of x that make g(x) > 3:

2—3x<3:>—3x<1:>x>—%

. . 1
Thus, the domain of f o g is _°°’_§ .
24+5x  2+45x

(Fog)(x)= (2+5x)—1 1+45x
The domain of g is (—oo,0). Since fis not

defined for x = 1 we must exclude those values
of x that make g(x) = 1.

2+5x=1=>5x=—1=>x=_§

Thus, the domain of fog is

1 1
(~Apl4)
(f ° g)(x) = ‘xz —1‘; domain: (—ee, o)

(f o g)(x)=3|x—1-2; domain: (—eo,co)

Domain of f = (oo, o)
Domain of g = (—oo, o)
a. (f og)(x) =0Bx-5)-3=3x-8;
Domain: (—eo,c0)
b. (gof)(x)=3(x-3)-5=3x-14;
Domain: (—oo, o)
c. (fOf)(x)=(x—3)—3=x—6;
Domain: (—eo, o)
d. (g og)(x) =33x-5)-5=9x-20;
Domain: (—eo,c0)
45. f(x)=1—2x, g()c)=1+x2
Domain of f = (oo, o)
Domain of g = (—oo, o)
a. (fog)(x)=1-2(1+x%)=-2x"~1;
Domain: (—eo,c0)
b. (gof)(x)=1+1-2x)7% =4x? —4x+2;
Domain: (—eo,c0)
c. (fof)(x)=1-201-2x)=4x—1;

Domain: (—oo, o)

d. (g og)(x)z 1+1+x)? =x* +2x% +2;
Domain: (—eo, o)
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46. f(x)=2x-3, g(x)=2x* 49. f(x)= ! , g(_x):iz
Domain of f = (—oo, oo) 2x—1 { X 1
Domain of g= (—oo’ oo) Domain of f = (—00,5) U(E,OOJ

a. (fog)(x)=202x*)-3=4x>-3; Domain of g = (—s2,0)U(0, ).
Domain: (—oo, o) 1 1
a. (fog)(x)= =
b. (gof)(x)=2(2x-3)% =8x* —24x+18; ’ lj_l 2-x°
Domain: (—eo, o) x? x2
x2 x2
c. (fof)(x)=2(2x-3)-3=4x-9; :2—x2:_ 2 5

Domain: (—oo, o)

The domain of g is (—e,0) U (0,0). Since %

d. (gog)(x)= 2(2x2)2 =8x*: is not in the domain of f, we must find those
Domain; (—oo, <) values of x that make g (x)= %
1 1
47. f(x)zxz, g(_x):\/; —2=5:>x2=2=>x=i\/§
Domain of f = (—oo, oo) hus, the domain off ogis
Domain of g =[0, =) (-°° ~2)U(-2.0)U(0.2)U (V2. ).
2 .
7.a. (fog)(x)=(\/;) = x; domain: [0, o) b. (gof)= 1 ~ =(2x—1)2

1
b. (g Of)(x)= \/x72=|x|; domain: (—oo, o) (Zx—l)

1 1
The d f —o0, — —,%o |. Since 0
c. (fOf)(x):(x2)2 = x*; domain: (oo, o) ¢ domain offis ( 2ju(2 J e

is not in the domain of g, we must find those

d. (gog)(x)=+~x =4¥x; domain: values of x that make f (x)=0. However,
there are no such values, so the domain of
— .2 —
48. f(x)=x"+2x, g(x)=vx+2 o f is (—w,ljU(l,wJ.
Domain of f = ( —oo, oo) 2 2
Domain of g =[-2, «) 1 1
c. (fof)(x)z =5
) 1 | 2-2x+1
a. (\/ ) +20x+2 2%—1 2x—1
=x+2+2/x+2; domain: [-2,0) =2x—1=_2x—1
3-2x 2x-3

_ 2 . in (—oo oo
b. (gof)(x)=vx"+2x+2; domain: (—oo,c0) The domain of fis (_‘X’,%JU(%,‘X’)~
e (fof)(x)=(*+2x0)%+2(x* +2x) el 3 3

ot a3 1 4x 222 4 4x 5.3 is defined for (—w,EJU(E,w),

4 3 2
=x"+4x7 +6x7 +4x; so the domain of f o f is
Domain: (—ee, o) | 13\ (3
= (=232

d. gog Jx+2 domain: [-2, e0)
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The domain of g is (—e=,0)U(0,0), while

gog= x* is defined for all real numbers.
Thus, the domain of go g is (—eo,0)U(0,).

X

50. f(x)=x—1, g(x)= 1
Domain of f = (—oo, eo).
Domain of g = (—oo, - 1) U (—l, oo).

—(x+1 1
a (ng)(x)zxil— == x(il ):_x+1

The domain of g is (—oo, - 1) U (—l, oo). Since
fis defined for all real numbers, there are no
values that must be excluded. Thus, the
domain of fog is (—eo, —1)U(L, o).

-1 -1
b. (gof)(x)=m=xx

The domain of fis all real numbers. Since g is
not defined for x = —1, we must exclude those
values of x that make f(x) = —
x=1=-1=x=0

Thus, the domain of g o f is (—eo, 0)U(0,).

c. (fof)(x)z(x—l)—lzx—Z;

domain: (—oo, o)

o o

__ox+1 . x+1 _ X

d. (s08)(x)= X +1_x+x+1_2x+1
x+1 x+1

The domain of g is (—oo, - 1) U (—1, oo), while

is defined for (—oo —ljU(—l, ooJ.
2x+1 2

The domain of go g is

(con, -1)u(-1, -%)u(—%, ooj_

Fx)=vx=1, g(x)="A-x

Domain of f = [1, oo).

Domain of g = (—oo, 4].

a. (f o g)(x) = \/7\/4—36—1; domain: (—oo, 3]
=4 domam 1 17

b. (gof)(

e (fof)(x)= Jx—1-1; domain: [2, =)
d. (gog)(x)= m; domain: [-12, 4]

Domain of f = (—oo, eo).
Domain of g = [ 2, 2].
2
a (fog)(x):(\/4—x2 4=
Domain: [-2, 2]

2
e (fof)(x)=(x"~4) —4
=(x4—8x2+16)—4
=x*-8x>+14
Domain: (—oo,c0)

Domain: [-2, 2]

53. f()c)zx/x2 -1, g(x)z 4—x?
Domain of f =(—ee, —1]U[L, o).
Domain of g = [ 2, 2]

Domain: [—\/g, - IJ U [1, \/EJ
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2 I+x
. (fof)(x)= (xz—l) —1=Vx? -2 .
Thus, the domain of f o g is
(—eo,— 1)U (=L 1)U (L, 0).

a (so8)()= 4= (Vo) (i) 2

—Vamar 2 =i =y b. (gOf)(X)=l_( fj= _f-f

I+—
Domain: [-2, 2] X

=0=1+x=0=>x=-1

X
_ 2x+1

54. f(x)Z\/x2—9,g(x): 9—x2 -1

The domain of fis (—0,0) U (0,0). Since 1 is

=-2x-1

Domain of f = (_oo’ - 3] U [3’ oo)' not in the domain of g, we must find those
Domain of g =[-3, 3] values of x that make f(x) = 1.
2 1+ ! =l= ! =
a. (fog)(x)= ( 9—x2) -9 X X
There are no values of x that make this true, so
=9 — x2 9 =+/—x2 there are no additional values to be excluded
Domain: {0} from the domain of g o f. Thus, the domain
of gof is (~o,0)U(0,%).
2
— _ 2 _
b. (gof)(x)— ( X 9) . (fOf)(x)=1+ 1 . 1 14
1 1 x+1 x+1
=V9—x?+9 =18 x T
Domain: [—3\/5, - 3] U [3, 3\/5] _2x+l

x+1
5 The domain of f is (—ee,0)U(0,0).
- 29| —9=+/42—
. (Fof)(x)= ( x 9) 9=x2-18 2x+11 i defined for (—oor-1)U(<L)
Domain: f = (—oo, —Sx/EJU[S\/E, oo). so the domain of f o f is
(=2, =DU(=L.0)U(0,).

2

d (gog)(x)= 9-( 9—x2) lEx 2
_ l—x_l—x__l
“V9-9+22 =\x2 =y d. (gOg)(x)"l_le_—zx" X

Domain: [-3, 3] - o Lo
The domain of g is (—e0,1) U (1,0),

. | .
55. f(x)= 1+§’ (0= iti whlle—; is defined for (—e,0) U (0, ).

The domain of g o g is

(—o0,0) U (0,1) U (1, 00).
56. f(x)=\3/x+1, g(x)=x3 +1

Domain of f = (—oo, 0) U(O, oo).
Domain of g = (-0, 1)U(1, o).

a. (fog)(x):1+1_|_7x:1+1+x Domainoff:(—oo,oo),
1-x Domain of g =(—o0, o).
I+ x+l-x_ 2 8 ( )
T 14x dl4x a. (fog)x)=Yu+n+1=+2;
The domain of g is (—eo,1) U (1,00). Since 0 is domain: (—eo, )

not in the domain of f, we must find those 3
values of x that make g(x) = 0. b. (gof)(x)= (\3/x+1) +1=x+2;

domain: (—oo, o)
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e (fof)(x)= J3x+1+1; domain: (oo, o)

d. (gog)(x)=(*+D’+1; domain: (oo, c0)

In exercises 57—-66, sample answers are given. Other
answers are possible.

57. Hx)=\x+2= f(x)=x,g(x)=x+2

58. H(x)=[3x+2|= f(x)=|x],g(x)=3x+2
59. H(x) =(x2 —3)10 = f(x)= xlo,g(x) =x2-3
60. H(x)=+3x>+5= f(x)=x+5,g(x)=3x>

1 1
61. H(x)=m=> f(x)=;,g(x)=3x—5

62. H(x)zﬁ: f(x)z%,g(x)=2x+3

63. Hx)=x>-7= f(x)=Yx,g(x)=x> -7
64. Hx)=Vx>+x+1= f(x)=%x,
g(x)=x2+x+1

1 1
65. H(’”:W f(x)=H,g(x)=x3—1
N

66. H(x)=31+Jx = f(x)=3x,g(x)=1+/x

2.8 Applying the Concepts
67.a. f(x) is the cost function.
b. g(x) is the revenue function.

c. h(x) is the selling price of x shirts including
sales tax.

d. P(x) is the profit function.

68.a. C(p)=C(5000-5p)
= 4(5000 - 5 p) + 12,000
=120,000—20p + 12,000
=32,000-20p

b. R(p)= px= p(5000—5p)=5000p—5p>

c. P(p)=R(p)-C(p)
=5000p —5p% —(32,000—20p)
=-5p2 +5020p — 32,000

69.a.

70.a.

71.a.

72.a.

73.a.

P(x)=R(x)—C(x)=25x—(350+5x)
=20x-350

P(20) = 20(20) — 350 = 50. This represents
the profit when 20 radios are sold.

P(x)=20x-350;500=20x-350= x =43

C=350+5x= x= £

C-350

= 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)=0.02h(x)+3

T (x) represents the total price of

merchandise worth x dollars, including the
shipping and handling fee.

F(x)=07x
g(x)=x-5

(g0 f)(x)=07x-5
(fo8)(x)=07(x-5)

(fog)-(gof)=07(x~5)~(0.7x~5)
=0.7x-3.5-0.7x+5
=$1.50

f(x)=0.8x b. g(x)=09x

(g o f)(x) =09 (O.Sx) =0.72x
(f o g)(x) = 0.8(0.9x) =0.72x
They are the same.
f)=1.1x;8(x)=x+8

(fog)(x)=1.1(x+8)=1.1x+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.
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d. (fog)(70)=1.1(70+8)=85.8;
(g0 £)(70)=1.1(70)+ 8 = 85.0;

e. (fog)(x)#(gof)(x)
f. () (fog)(x)=1.1x+8.8>90= x>73.82
(i) (g0 f)(x)=1.1x+8>90 = x> 74.55

74.a. f(x) is a function that models 3% of an
amount x.

b. g(x) represents the amount of money that
qualifies for a 3% bonus.

c. Her bonus is represented by (f o g)(x).

d. 200+ 0.03(17,500—8000) = $485

e. 521=200+0.03(x—8000) = x =$18,700
75.a. f(x)=7zx>

b. g(x)=7(x+30)2

c. g(x)— f(x) represents the area between the
fountain and the fence.

d. The circumference of the fence is 27z (x + 30).

10.5 (27z(x + 30)) =4200 =
7(x+30)=200=
7zx+ 307 =200 = 7zx =200-307.

g(x)— f(x) = (x+30)% — zx>
= 7(x% + 60x +900) — x>
= 607x+900x. Now substitute

200 - 307 for zzx to compute the estimate:
1.75[60(200 - 3077) + 9007]

=1.75(12,000 - 9007) = $16,052.

76.a. f(x)=180(2x+8)+ z(x+4)>
=1440 +360x + 7 (x + 4)*

b. g(x)=2x(180) + 7x> = 360x + 77x>

c. f(x)— g(x) represents the area of the track.

.
d. ifxﬂ 180 m
;
|
I
I

T

:

1
2x+ 8 ! 2x

1

I

(i) First find the radius of the inner track:
900 =27x+360=> @ = x. Use this value
T

to compute f(x)— g(x).
270 270
7))
T T
2
:[1440+360(@)m(&4) ]
T T
2
_[360(@j+,,(@) J

T T

2
= 1440+360(ﬂ)+ﬂ+ 2160+ 167
T T

2
~360 (@j _ 2
/a T

=3600 + 167z = 3650.27 square meters

(ii) The outer perimeter

=360+ 27z(@ + 4) = 925.13 meters
T

77.a. (fog)(r)=mQ2+1)?

b. A= fQt+1)=xQr+1)?

c. They are the same.

78.a. (f og)(t)z%ﬁ(2t)3 :%ﬂﬁ

b. V()= %H(ZI)3 = %ﬂﬁ

c. They are the same.

2.8 Beyond the Basics

79.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 f and g have
in common are =2, 1, and 3, the domain of
f+gis {-2,1,3}. Now add the y-values.
(f+8)(-2)=3+0=3
(f+g)(1)=2+(-2)=0
(f+5)(3)=0+2=2
Thus, f+ g ={(-2, 3), (1, 0), (3, 2)}.
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b. When you are looking for the domain of the
product of two functions that are given as
sets, you are looking for the intersection of
their domains. Since the x-values that fand g
have in common are -2, 1, and 3, the domain
of f+ gis {-2, 1, 3}.Now multiply the

y-values.

(f¢)(-2)=3-0=0
(fe)(1)=2-(=2) =~
(f8)(3)=0-2=0

Thus, fg = {(-2, 0), (1, -4), (3, 0)}.

¢. When you are looking for the domain of the
quotient of two functions that are given as
sets, you are looking for the intersection of
their domains and values of x that do not
cause the denominator to equal zero. The
x-values that f and g have in common are -2,
1, and 3; however, g(-2) = 0, so the domain
is {1, 3}. Now divide the y-values.

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(2(0)=r(
fleM)=£(-

fg@)=r(
Thus, fog={(0,1), (L 3), (3. 1)}.

80. When you are looking for the domain of the
sum of two functions, you are looking for the
intersection of their domains. The domain of fis
[-2, 3], while the domain of g is [-3, 3]. The
intersection of the two domains is [-2, 3], so the
domain of f+ g is [-2, 3].

For the interval [-2, 1],
f+g=2x+(x+1)=3x+1.
For the interval (1, 2)
f+rg=x+D+x+1)=2x+2.
For the interval [2, 3],
f+g=x+1D+2x-1)=3x.

3,

)

)=1
-2
)

Thus,
3x+1 if —2<x<1
(f+g)(x)= 2x+2  ifl<x<?2
3x if2<x<3.

8l.a. f(—x)=h(—x)+h(—(—x)) = h(=x)+ h(x)
= f(x) = f(x) is an even function.

b.  g(=x) = h(=x) = h(=(=x)) = h(—x) — h(x)
=—g(x)=>¢g (x) is an odd function.

{f(x) = h(x) + h(=x)

g(x) =h(x) - h(-x) =
F)+g(x)=2h(x)=

hoy = S DFED S g

2 2 2

h(x) is the sum of an even function and an
odd function.

82.a. h(x)=x>-2x+3= f(x)=x> (even),
g(x)=-2x+3 (odd) or f(x) = x2+3 (even),
g(x) =-2x (odd)

b. h(x)= [[x]] +x= f(x)= w (even),

otn=x+ L1212 _2[[_xﬂ (odd)

83. f(x)= ki
=[]
f(x) is defined 1f | | >0 and 2- |x|¢ 0.

2-|x
—|x|=0:>2=|x|:>x=i2
Thus, the values =2 and 2 are not in the domain

of f.
- ||>O1f1 |x|>0 and 2—|x|> 0, orif

2= -
1-|x/<0 and 2-|x|<0.
Case 1: 1-|x|>0 and 2—|x|>0.
—dz0=>12[x=-1<x<1
—>0=2>x=>-2<x<2

Thus, 1-|x[>0 and 2-|x>0=-1<x<1.

(continued on next page)
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(cont

84.

inued)

Case 2: 1—|x|£0 and 2—|x|<0.

1-[x] 0= 1<]x| = (—eo, —1]U[L, <)
2- |1 <0=3<|x]|= (o, —2)U(2, )
Thus, 1-|x/<0 and 2-[x|<0=

(—eo, =2)U(2, o).

The domain of fis (—eo, —2)U[-1, 1]U(2, ).

-1 if —2<x<0
f(x)_{x—l if0<x<2
() =-1.-2<x<2

1 if —2<x<0
|f (x)=1lx=1]=1-x ifo<x<1

x—1 if1<x<2
g (x)= £ () +17 ()
If 2<x<0, then g(x)=|x|—1+1=|x|=—x.
If 0<x <1, then g(x)=(1—x)+(x—1)=0.
If 1<x<2, then
g(x)z(x—l)+(x—1)=2(x—l).
Writing g as a piecewise function, we have

x| =—x if —2<x<0
g(x)z 0 if0<x<l1
2(x—1) ifl<x<2

2.8 Critical Thinking/Discussion/Writing

85.a.
b.

C.

86.a.

The domain of f(x) is (—e0,0)U[l, o).
The domain of g(x) is [0, 2].
The domain of f(x)+ g(x) is[1,2].

SO 2.
g(x)

The domain of

The domain of fis (—eo,0). The domain of

. 1
fof is & because fof:—1
N=x
the denominator is the square root of a
negative number.

and

b.

88.a.

87.a.

The domain of fis (—eo,1). The domain of
fof is (—e0,0) because
1
fef=m—
1 -
NJl-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) =

(f+8)x) = f)+gl)=f(=x)+g(=x)
=(f+8)(=x).

The sum of two odd functions is an odd
function.

f(=x)==f(x)and g(-x) = —g(x) =
(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 = f(x)= f(—x) and g(x) odd =
g0 =—g(x) = 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(x)= f(—x) and g(x) = g(—x) =

(f-8)x)=f(x)-g(x)= f(-x)-(g(-x))
=(f-8)(=x).

The product of two odd functions is an even
function.

f(=x)==f(x)and g(-x) = -g(x) =
(f )0 = f(=0) g(=0) == f(x) (-8 (1))
=(f-8)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)=-gx)=

0 g(=0) = f(0)-(-g))==(f-&)(x)
f=x)==f(x) and g(-x) = —g(x) =
(fog)(=x)=r(g(-x)=r(-g(x)=
~f(g(x))=(f o g)(x) is odd.
f(x)=f(-x) and g(x) = g(—x) =
(fog)(=x)=f(g(=x)=r(g(x))=

(f o g)(x) is even.

Copyright © 2015 Pearson Education Inc.



238

Chapter 2 Graphs and Functions

¢. f(x)odd= f(—x)=—-f(x)and

g(x) even = g(x) = g(-x) = (f o g)(—x)
f(g(x)=f(g(=x))=(f o g)(x) iseven.

d. f(x)even= f(x)= f(—x) and g(x) odd =

g(—x)=—-g(x)= (f o g)(-x)= f (-5 (x))
=f(g(x)=(fog)(-x)=(fog)(x) is

cven.

2.8 Maintaining Skills

89.a. Yes, R defines a function.

b. s={(2.-3),(L-1),(3 1), (L 2)}

90.

91.

92,

93.

9.

No, S does not define a function since the
first value 1 maps to two different second
values, —1 and 2.
, 2-5 .
The slope of PP’ = 52 = -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 ﬁ, E) = Z, 7 ,

2 2 2°2
which lies on the line y = x. Thus, y = x is the
perpendicular bisector of PP’.

x-3
2

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

x=y2+1, y20=>x—1=y2=>x/x— =y

x2+y2=4,xS0:>x2=4—y2:>

X=—4- y2

2x—l=3:>——=3—2x:>—=—3+2x:>
y y y
1
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.

2. f7'(12)=-3

b. £(9)=4

x+1

3. f(x)=3x-1, g(x)=
(fog><x>=f[x—”j=s(x_“)_1=x

3 3

(gof)(x)=g(3x—1):¥:

Since f(g(x))=g(f (x))=x, the two
functions are inverses.

X

4. The graph of f ! is the reflection of the graph
of fabout the line y = x.

y 3,4)

5. f(x)=-2x+3 is a one-to-one function, so the

function has an inverse. Interchange the
variables and solve for y:
fX)=y=-2x+3=x=-2y+3=
x-3 -1 3—x
=y y= x)="—"-.

5 Cy=ysf ==

6. Interchange the variables and solve for y:

X
xX)=y= ,X#3
f() Y x+3
x=L:>xy+3x=y:>3x=y—xy:>
y+3

3x
* y( x) 1-x Y

P =22 xe
1-x
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7. f(x)=

X
x+3
The function is not defined if the denominator is
oo) . The
range of the function is the same as the domain
of the inverse (see practice problem 6), thus the
range is (—eo,1)U(1,00).

zero, so the domain is (—oo, —3) U (—3,

G is one-to-one since the domain is restricted,
SO an inverse exists.

G(x)=y= x% —1,x <0. Interchange the
variables and solve for y :
x=y"-1,y<0= y=G""(x)=—Vx+1L

From the text, we have d = 1? -33.

_ 11-1650_33:3597

The bell was 3597 feet below the surface when
the gauge failed.

2.9 Basic Concepts and Skills

1.

11.
13.

15.

16.

17.

18.

If no horizontal line intersects the graph of a
function fin more than one point, the fis a one-
to-one function.

A function fis one-to-one if different x-values
correspond to different y-values.

If f(x)=3x,then f~' (x)Z%x.

The graphs of a function f and its inverse f -1
are symmetric about the line y = x.

True

True. For example, the inverse of f (x) =x is

f -1 (x) =x.

One-to-one 8. Not one-to-one
Not one-to-one 10. One-to-one
Not one-to-one 12. Not one-to-one
One-to-one 14. Not one-to-one

f@=1=r"'M=2

[T @H=-T=f(-7)=4
fEh=2= 1 @)=-1
f13)=5=r03)=-3

19. fa)=b= f'(b)=a
20. f N (o)=d= fd)=c
21, (170 £)(337)= 7 (£(337)) =337
22. (for™)(257)= ( '(257))= 257
23. (for7')(-1580)= £ (7" (-1580)) =-1580
24. ( flo f)(9728)= £ (9728))=9728
25.a. f(3)=2(3)-3=3
b. Using the result from part (a), f'(3)=3.
c. (foffl)(19)=f(f*1(19))=19
d (for)E)=r(r"()=5
26.a. f(2)=2°=8
b. Using the result from part (a), f'(8) =2
c. (foffl)(15)=f(f*l(ls))=15
d. (for™M)@n=r(r(7)=27
27.a. f()=1+1=2
b. Using the result from part (a), f'(2)=1.
c. (fof’l)(269)= f(f’1(269))=269
28.a. g(l)=3 2(13)—1 = =1
b. Using the result from part (), g ‘(1) =1.

S g)(135) =

29. f(g(x))zS[x3 1)+1—x 1+1=2x

c. (g‘ g7 (g(135)) =135

Bx+1)-1 3x
g(f(x))=T=?=
30. f(g(x))=2—3(2_xj=2—2+x:x
)-8
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3. f(g(x)= (%/})3 —x 36.

32 f(s()=g(f(W)=1=x

1+2x_1 1+2x—(1-x)

_ 1—x _ 1-x _3_)C_
33. f(g(x»"1+2x+2__lt%£tzg:jg__3 - 37.
1—-x 1-x
1+2(x—;j 1+2x—2 &
B x+2) x+2
g(f(x))_ 1 x—1 _1 x—1
) ) ’
_ a2 3
x+2-(x-1) 3 v
x+2
38. BN 7
3(”?}2 3xt6, 2x=3) U A
_ \x- _ x-3 x—3 -
34. f@(@%— x+2_1 - x+2 1(x-3) ! j/n |
x-3 x=3 x-3 d §
3+6+26-6 e\
='x—_3=5—x=.x /// B
xt2-x43 5
x-=3 g

_ x—1 _ x-1 x—1
8 (£ (x)= 32, 3x+2 3(-])

x—1 x—1 x—1
3x+2+2x-2
x—1 S_x

=X

“3x+2-3x+3 5

35.
40.
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41.a.

42.a.

43.a.
44.a.
45.a.

One-to-one
f(x) = y=15-3x. Interchange the variables
and solve fory:x=15-3y=
-1 15-x 1
= X)= = 5 ——X.
y=f ) 3 3
Y
f(x)\
2 =
15
10
m
~10 -5 S\ 10 15 D0~
_5 -
_10 -
Domain of f: (—oo, ); x-intercept of f: 5;

y-intercept of f: 15

domain of f7': (—oo, o) ; x-intercept of
fﬁ1 : 15; y-intercept of fﬁ1 :5
One-to-one

g(x) =y =2x+5. Interchange the variables
and solve fory : x=2y+5=
x=5 1 5

=—x-—.

2 2 2

y=g¢"'(x)=

<

Domain of g: (—oo, )

. 5
x-intercept of g: 3
y-intercept of g: 5
domain of g_1 : (—oo, oo) ; x-intercept of

g_l : 5; y-intercept of g_l : —%

Not one-to-one
Not one-to-one

One-to-one

f(x)=y= Jx+3 Interchange the variables
and solve fory:x=\/;+3=>

x-3=y=y=rTw=(x-3">%

TN T T T T 1T

| | |
0 2 4 6 8 10 x

Domain of f: [O, oo) ; x-intercept of f: none;
y-intercept of f: 3

domain of f L. [3, oo) ; x-intercept of
f_1 : 3; y-intercept of f_1 : none

One-to-one

f)=y=4- Jx. Interchange the variables
and solve fory: x = 4—\/;:>

—4+x=—\/;=>y=f71(x)=(x—4)2

Domain of f: [O, oo) ; x-intercept of f: 16;
y-intercept of f: 4

domain of f -1, (—oo, 4] ; x-intercept of
f_1 : 4; y-intercept of f_1 0 16

One-to-one

gx)=y= Jx+1. Interchange the variables

and solve fory: x=3/y+1=
x3=y+1:>y=g_1(x)=x3—1
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48.a.

49.a.

Domain of g: (—oo, ); x-intercept of g: —1;
y-intercept of g: 1

domain of g7 ': (—oo, o) ; x-intercept of
g_1 : 1; y-intercept of g_1 : -1
One-to-one

hx)=y= - x. Interchange the variables
and solve fory: x=3/1-y =
X =l-y=y= gil(x)zl—x3.

Yy
A

h(x)

2

Domain of h: (—oo, ); x-intercept of /: 1;
y-intercept of h: 1

domain of 47!: (—oo, oo) ; x-intercept of

ht 1; y-intercept of il

One-to-one

f(x)=y= Ll Interchange the variables
X—

andsolvefory:x=L:>x(y—1)=1=>
y—

1+ x

L ¢ L L

X X X

50.a.

51.a.

Domain of 2 (—ee, 1)U(1, o)
x-intercept of f: none; y-intercept of f: —1
domain of f_1 : (—oo, O)U(O, 00)
x-intercept of f |

y-intercept of f ! none

One-to-one

1
g(x) = y =1——. Interchange the variables
X

andsolvefory:le—l:x:y—_lz
y y
xy=y-l=sxy-y=-Il=yx-1)=-1=>
1 1 1
= X)=——= —,
y=g @ x—-1 1-x

Domain of g: (—oo, 0) U (0, oo)

x-intercept of g: 1; y-intercept of g: none
domain of g_1 : (—oo, l)u(l, oo)
x-intercept of g_1 : none

y-intercept of g_1 01

One-to-one

f(x)=y=2++/x+1. Interchange the
variables and solve fory: x =2+,/y+1 =
x=2=4/y+1 =>(x—2)2 =y+l=

y= f_l(x)=(x—2)2 —1=x?-4x+3
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+1
55. f(x)=y= al 5 Interchange the variables
x—
and SOlvefOI‘y:xzy—-l—;:xy—Zx: y+1=
y—

xy—y=2x+1=yx-D)=2x+1=

_ 2x+1
y=flw ="
x—1
Domain of f; (—e0,2) U (2, 0)
d. Domain of f: [—l, oo) ; x-intercept of f: none; Range of /i (—o0,1) U (1, 00).
y-intercept of f: 3
) L x+2 .
Domain of f7': [2’ oo); 56. g(x)=y= . Interchange the variables
x+1
x-intercept of f71: 3 and solve fory : x = 2r= :? =Sxy+tx=y+2=
. -1, y
y-intercept of f~ : none Xy—y=—x+2= y(x—1)=—x+2=
52.a. One-to-one 1 -x+2 x-2
y=g (0= = :
b (x) = y=—1++/x+2. Interchange the -1 I=x
- S O=y= ) g Domain of g: (—ee,—1) U (—1,0)
variables and solve for y : R ¢ U
x=-l+y+2=x+l=y+2= ange of g: (e, U (1, ).

(x+1)2=y+2=>
y=f_l(x)=(x+1)2—2=x2+2x—1

1-2x

57 f=y=""

. Interchange the variables
and solve fory:x:ﬂ:
I+y
x+xy=1-2y=>xy+2y=1-x=
_ I-x
x+2)=l-x=y=fl(x)=—=.
y(x+2) y=frm="—7

Domain of f; (—oo,—1) U (=1, 0)
Range of fi (—eo,—-2) U (=2, 0).

a4l -1
4 58. h(x)=y= al 3 Interchange the variables

X—
d. Domain of f: [—2, oo) ; x-intercept of f: —1;

and solvefory:x:y—_1:>xy—3x: y—1=
y-intercept of f: —1+ V2 y=3
. -1 xy=y=3x-1=yx-1)=3x-1=
Domain of f7 : [~1, o) 3
-1 x—1
. -1 y=h (x)= .
x-intercept of f~ : ~1+42 x—1

y-intercept of f7': —1 Domain of /: (=e2,3) U (3, )
Range of h: (-0, 1) U (1, 0).
In exercises 53 and 54, use the fact that the range of f

. ) 1 59. fis one-to-one since the domain is restricted, so
is the same as the domain of f . an inverse exists

53. Domain: (—o,-2)U(-2,) f (x) =y= —x2,x 2 0. Interchange the

Range: (—oo,1) (1, 0) variables and solve for y :
= _+2 =J-x, x<
x==-y"=y=+-x,x<0.
54. Domain: (—o0,1) U (1,0) .
(continued on next page)
Range: (—0,3)U(3,00)

Copyright © 2015 Pearson Education Inc.



244 Chapter 2 Graphs and Functions

(continued) 63. fis one-to-one since the domain is restricted, so
an inverse exists.
f(x)=y=x*+1, x<0. Interchange the
] variables and solve for y :
i x=y2+1=>y=—\/x—1,x21.
L1 |0/| [ f=x>+1
T4 ANY 46w e =-Jx-1
e Y
b fx) oL o
// —6F ﬂx) = _x2 4 /’/_
¥ y=fo\* T YT
60. g is one-to-one since the domain is restricted, so R
an inverse exists. -6 —4 _212 4 6%
g(x)=y=-x% x<0. Interchange the Ll v
variables and solve for y : 7 6L
) ¥
x=-y = y=—J/-x, x<0. ) ) o )
64. g is one-to-one since the domain is restricted, so
gl ==

an inverse exists.

g (x) =y= x2+5,x20. Interchange the
variables and solve for y :

x=y2+5:>y=\/x—5,x25.

y
10— //;1
gk [y=8W y=x
//
6 //
N T )
61. fis one-to-one since the domain is restricted, so 2 7
: : L1 1A 1
an inverse exists. =28 2 4 6 8 10%
f (x) =y= |x| = x, x 2 0. Interchange the /,/*2— g =22 +5
- . — 4 —4 =
variables and solve fory: y = x, x = 0. % A gl =75
_ . -6
y fx) =Ixl 4 v L
6 f—
4 Y
Fla)=x 5 y=f"' 65. fis one-to-one since the domain is restricted, so
U | 3|’ :{(x) an inverse exists.
—6-4 _2,_/20_ 2 4 6x f(x)=y= —x% 42, x<0. Interchange the
7
4l variables and solve for y :
7
L gk x=—y2+2:>y=—\/2—x,xS2.
A
— 2
. . .. . x) = —x"+2
62. g is one-to-one since the domain is restricted, so fjj(l()x) --P2—x
an inverse exists.

g(x)=y=|x]=-x, x<0. Interchange the
variables and solve fory: y =—x, x> 0.

g ') = —x g(x) =Ixl
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66. g is one-to-one since the domain is restricted, so
an inverse exists.

g(x)= y=—-x*-1, x> 0. Interchange the
variables and solve for y :

x=—y2—1=>y=\/—x—1,xS—1.

g =—x— 1
gil(x) =—J—x—1
y
61~ s
Sy =X
y=g¢'w* e

s -6
2.9 Applying the Concepts

67.a. K(C)=C+273=
C(K)=K-273=K ().
This represents the Celsius temperature
corresponding to a given Kelvin temperature.
b. C(300)=300-273=27°C
c. K(22)=22+273=295°K

68.a. The two points are (212, 373) and (32, 273).
373-273 100 _5
212-32 180 9

273=§(32)+b=>b=¥=>

The rate of change is

K(F)=2F+221
9" "9
b K=2r+22 g 227 _Sp
9" "9 9 9
9K—2297=5F=>F(K)=§K_¥

This represents the Fahrenheit temperature
corresponding to a given Kelvin temperature.

2297
c. K(98.6)=§(98.6)+ng310°K

69.a. F(K(C))= %(C +273)— %

9,.,90273) 2297

=ZcC
5 5 5

204190 3
55 5

2297
b. C(K(F))= gF +Tg— 273

5 2297 - 2457

=ZF+
9 9
_5,_160
9 9

70. F(C(x))=%(§x—$j+32

=x—-32+32=x
5(9 160
C(F =—|=x+32|-—
(F(x)) 9(5)6 ) 9
160 160
=Xt+— =X
9 9

Therefore, F and C are inverses of each other.

71.a. E(x)=0.75x where x represents the number
of dollars; D(x) =1.25x where x represents
the number of euros.

b. E(D(x))=0.75(1.25x) =0.9375x # x.
Therefore, the two functions are not inverses.
c. She loses money either way.
72.a. w=4+0.05x=>w-4=0.05x=
x = 20w - 80.
This represents the food sales in terms of his
hourly wage.

b. x=20012)-80=3$160

73.a. 7=4+0.05x = 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.

_J4+0.05x ifx>60
=17 if x <60

b. The function does not have an inverse
because it is constant on (0, 60), and it is not
one-to-one.

c. If the domain is restricted to [60, <), the
function has an inverse.

2
74a. T=11I=1= (%) . This shows the

length as the function of the period.

2
b. l=(i) =32 ft
1.11

c. T=1.111/70 =9.3 sec
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Vv 1 _ The range of
75.a. V=8\/}:>§=\/§:>av2=x=v1(x) 32f 10343y
== N7 = 0<y< i
This represents the height of the water in . 2 » 0= y<512, s
terms of the velocity. [0, 16], so this is the inverse.
1 y L 64+4096 -8y
b. () x= —(302) = 14.0625 ft 3¢ 4
64 28}
.. _ 1 2\ _ 241
(i) x = a(20 ) = 6.25 ft 20}
16 r
76.a. y=064x— 2x2 has no inverse because it is 2r
not one-to-one across its domain, [0, 32]. (It i C x= w
fails the horizontal line test.) L
100 200 300 400 500 x

y
500

400 I
300 L\
200 I
100 I

4 8 1216 20 24 28 32 %

However, if the domain is restricted to
[0, 16], the function is one-to-one, and it has
an inverse.

y
500

400 -

]

|

[}

1

1

[ i
1

300} :
200} i
[ ]
100[ ;
1

4 8 1216 2024 28 32 %

y=64x-2x7 = 2x* —64x+ y=0=

64+/64% -8y
x=f:>
_ 64+./4096-8y  64%2,1024-2y
a 4 B 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.

32441024 -2y |

—— s
2

[16, 32], so this is not the inverse.

X

The range of x =

77.a.

78.a.

Note that the bottom half of the graph is the

inverse.
64— 4096 — 8(32
(32) =0.51ft

@ x= 1

4 - J4096 — 8(2
(ii) w2l 096-8(256) _ 4 6o 1

4

4— J4096 —8(512
64 — /4096 — 8(5 ) 16t

4

(iii)) x=
The function represents the amount she still
owes after x months.

y = 36,000 — 600x. Interchange the variables
and solve fory: x =36,000—-600y =

600y = 36,000 - x = y = 60— —— =
600

f 71(x) =60- ﬁx. This represents the

number of months that have passed from the
first payment until the balance due is $x.

y=60- L(22, 000) = 23.33 = 24 months
600
There are 24 months remaining.
To find the inverse, solve
x=8p2 =32p+1200 for p:
8p2 —32p+1200—x=0=
3244/(=32)2 - 4(8)(1200 - x)
p =

2(8)
32+ \/1024 —38,400 +32x

16
_32++/32x-37376  32+442x—-2336

16 16

= 2i%\/2x—2336

(continued on next page)
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(continued)

Because the domain of the original function
is (0, 2], its range is [1168, 1200).

1200
1190
1180
1IN0 - -=== -
1160
1150

x=8p%—32p + 1200

1 2 >
So the domain of the inverse is [1168, 1200),
and its range is (0, 2]. The range of

p= 2+i\/2x— 2336 is (2, 4], so it is not
the inverse. The range of
p= Z—ixﬂx— 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_
3r p=2+%\/2x—2336
2_

p=2- %\/2x—2336

M140 1160 1180 1200

Note that the bottom half of the graph is the
inverse.

1
b. p= 2—2«/2(1 180.5) — 2336 = $0.75

2.9 Beyond the Basics

79.

80.

f(gB3)=fM=3f(g®)=r(3)=5, and
f(g(2)=f4)=2= f(g(x)) = x for each x.
g(fM)=gB)=1g(f(3)=g(5)=3, and
g(f(4)=g12)=4= g(f(x)) = x for each x.

So, fand g are inverses.

f(g(=2)=f)=-2f(g0)=f(2)=0,
f(g(=3)=f(@3)=-3, and
fE=2))=f)=-2= f(glx)=x

for each x.

g(fD)=g(-2) =L g(f(2)=g(0)=2,
g(f(3) = g(-3)=3, and g(f(4)) = g(1) = 4
= g(f(x)) = x for each x.

Sof and g are inverses.

81.a.

82.a.

83.a.

84.a.

1

| | | L
-3 -2 -1 0‘ 1 2 3 X

f1s not one-to-one

Domain: [-2, 2]; range: [0, 2]

Domain: (—e0,2)U[3,0) . Note that the
domain is not (—eo,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.

f satisfies the horizontal line test.

. Interchange the variables

y=1-

x+1

and solvefory:le—L:
y+1

1
—=l-x=2l=y+l-xy—x=
y+1
xy—y==x=>yx-1)=-x=

-1 X X
= X)=——=
y=f ) 11

Domain of f: (—e0,—1) U (~1,0);
range of f (—o0,1) U (1,00).

g satisfies the horizontal line test.
y

N
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b. y=+I- x2. Interchange the variables 88.a. () f (),C) =y = 2x-1. Interchange the
variables and solve for y: x =2y —-1=
and solve fory :x = l—y2 = 1 1 1
Peloy? =yl =l-x’ = y=fo@=gxts
y=g () =V1-x7 (i) g(x)=y=3x+4. Interchange the
¢. Domain of f= range of f: [0, 1] variables and iolve ior yvx=3y+4=
-1
y=8 (X)=Zx-—
77
85.a. M= (iij = 5.9, >0
2 2 =23x+4)-1=6x+7
Since the coordinates of M satisfy the (i) (fog)(x)=2(x+4)-1=6x+
equation y = x, it lies on the line. (iv) (g o f) (x) _ 3(2x B 1) A= 6x+t]
b. The slope of y = x is 1, while the slope of
- 3= ) ) (v) (fog)(x)=y=06x+7. Interchange
PQ is -3 =~1. So.y=xis perpendicular the variables and solve for y :
to PQ. x=6y+7:>(fog)_l(x)=éx—%
a+b b+a .
86. M = ( , ) (vi) (go f)(x)=y=06x+1. Interchange

segment between the two points is

Since the coordinates of M satisfy the equation y
= Xx, it lies on the line. The slope of the line

a=—1,

while the slope of y = x is 1. So the two lines are
perpendicular, and the points (a, b) and (b, a)
are symmetric about the line y = x.

87.a. The graph of g is the graph of f shifted one

unit to the right and two units up.

L1111
-5 -3 -1

b. g(x)=y=(x-1>+2

Interchange the variables and solve for y.
xX= (y—l)3 +2=>y= gil(x)=\3/x—2+1

89.a.

the variables and solve for y :

- 11
)C=6y+1=>(fog)l(x)zgx_g
1 -1 _1(1 4 1
o (7 os)0=3 (53]
1 1 1
=gx——+5=—x—g
R 11 1) 4
i) (g™ o f 1)<x>=5(3“5)‘5
1., 1. 4. 1.7
"6 6 3 6 6
O (oo (9-ta-

(i) f(x)=y=2x+3. Interchange the
variables and solve for y: x =2y +3 =

PSP

(i) gx)=y= -1 Interchange the

variables and solve for y: x = y3 -1=

y=g ') =x+1

i) (fog)(x)=2(x*-1)+3=2x"+1
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(iv) (gof)(x)=(@2x+3)° -1
=8x +36x° +54x+26

) (fog)(x)=y=2x"+1.Interchange
the variables and solve for y :

x=2y3+1:>(fog)_1(x)= XT_I

vi) (gof)(x)=y
=8x” +36x7 +54x+26
Interchange the variables and
solve for y :

x=8y>+36y? +54y+26 =
x+1=8y° +36y% +54y+27 =
x+1=2y+3)° = Jx+1=2y+3>

y=(gof) (=5 +1-3

v [ =1 -1 1 3
(Vlll)(g of )(x)— 2x 2+1
_ lx_l=3x_1
2 2 2
- N S W
b. () (fog) (x) 2x 3 3

(" og™))

~No

-10 + 2F
2+

It is clear from the graph that the function
satisfies the horizontal line test. Thus, the
function is one-to-one. To find the inverse,
interchange the variables and solve for y.

f(x)=y=x2/3:>x=y2/3:>x3=y2

Now we must take the square root of each side.
We choose the negative square root because x is
restricted to those values less than or equal to

3_ .2 [ 3
X=yi=sAx=y=
ZEero. Y Y

y=f71(x)=—x3/2, x20
2.9 Critical Thinking/Discussion/Writing

91. No. For example, f(x)= = xis odd, but it
does not have an inverse, because f(0) = f(1),
SO it is not one-to-one.

92. Yes. The function f ={(0,1)} is even, and it
has an inverse: f ' ={(1,0)}.

93. Yes, because increasing and decreasing
functions are one-to-one.

94.a. R={(-1,1),(0,0),(1,1)}
b. R={(-11),(0,0),(1,2)}
2.9 Maintaining Skills
95. x*-7x+12=0= (x-3)(x-4)=0=

x=3,4
Solution set: {3, 4}

96. 6x% +x-2=0= (3x+2)(2x-1)=0=

.21
372
Solution set: {—g, 1}
3°2

97. 12-3(x-1)* =0=3(4-(x-1]=0=
4-(x-1)=0=

[2+(x-1)][2-(x-1)]=0=
(1+x)(3—x)=0:> x=-1,3
Solution set: {-1, 3}

98. x> —4x+1=0

~(A) (4 -4()(1) _ 4212
2(1) 2

X =

=243

Solution set: {2 + \/g }
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99. Shift the graph of y = x? two units left and

three units down.
y
sk

—5F

100. Shift the graph of y = x> one unit right, reflect
it about the x-axis, then shift it two units up.

(1.2

Chapter 2 Review Exercises
Basic Concepts and Skills

1. False. The midpoint is (_3; 3 ,ﬂJ =(0,6).

2

2. False. The equation is a circle with center
(—2,-3) and radius /5.

3. True

4. False. A graph that is symmetric with respect to
the origin is the graph of an odd function. A
graph that is symmetric with respect to the
y-axis is the graph of an even function.

5. False.
The slope is 4/3 and the y-intercept is 3.

6. False. The slope of a line that is perpendicular
to a line with slope 2 is —1/2.

7. True

8. False. There is no graph because the radius
cannot be negative.

9.a. d(P,0)=\(-1-3)2+(3-57> =25

3+(-1) 5+3

b. M=
(2 2

)= (1,4)

1
—1-3 2

10.a. d(P,Q)=yG—(-3)2+(-1-5)% =632

b. M=(_3+3,5+(_Dj=(0,2)
2 2
c. m= -1-5 =-1
3—-(-3)

11.a. d(P,Q)= \/(9—4)2 +(-8—(=3)2 =52

b o[22, 2HE0) (310
2 2 2 2

C. m=m=_l
9-4

12.0. d(P.Q)=(-7-2)7 +(-8-3)* =202

b, M:(2+(—7)’3+(—8)):(_§’_§)

2 2 202
-8-3 11
c. m=——=—
-7-2 9

Ba. D(P.Q)=\(5-2)% +(-2-(-7)* =34

b. M= (ﬁ,—‘” (‘2)) _ (Z,_Ej

2 2 2" 2
e m=—2-GD_>
5-2 3

4a. d(P,0)=10-(-5)%+(-3-4)? =274

b M=(—5+10’4+(—3)j=(551j
2 2 22

3-4 7

m=——=——
10-(=5) 15

15. d(AB)=(-2-0)? +(-3-5)* =68
d(A.C)=A(3-0)> +(0-5)> =34
4(8.0)=(3-(-2) +(0- (-3’ =54
Using the Pythagorean theorem, we have
AC? +BC? =(V34) +(V3a)’

= 68 = (v68)” = B>

(continued on next page)
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(continued)

Alternatively, we can show that AC and CB are

perpendicular using their slopes.
0-5_ 5 _0-(3_3
3-0 3B T3-(2) 5
myc-meg =—1= AC L CB, so AABC isa
right triangle.

Myc =

bl

16. d(A,B)=+J4-1)2+8-2)2 =35
d(C,D)=10-7)2 +(5-(-1)2 =35
d(A,C)= \/(7 “D2+(-1-2)2 =35
d(B.D)=J(10-4)2 +(5-8)2 =35

The four sides are equal, so the quadrilateral is a
rhombus.

17. A=(=6,3),B=(45)
d(A,0) = (=6 -0)% +(3-0)* =/45
d(B,0) = (4 0)2 +(5-0)2 = /41
(4, 5) is closer to the origin.

18. A=(=6,4),B=(5,10),C = (2,3)
d(A,C) =2~ (~6))% + 3-4)* =65
d(B,C)=(2-5)%+(3-10)? =58
(5, 10) is closer to (2, 3).

19. A=(=5,3),B=(47),C=(x,0)
d(A,C) =(x— (=5)% +(0-3)2

= Jx+5)2+9
d(B,C)=(x—42 +(0-7)?
= Jo-4)?+49
d(A,C)=d(B,C) =
Ja+5)2+9 = J(x—4)2 +49
(x+5)%+9=(x-4)% +49
x> +10x+34 = x> —8x+65

x:2:> The point is 2,0).
18 18

20. A=(-3,-2),B(2,-1),C(0,y)
d(A4,C) = (0= (=3))% + (y - (-2))?
=J(r+2)2+9
d(B,C)=(0- ()2 +(y - (-1)?

=J(y+D2+4

21.

22,

23.

24.

25.

26.

d(A,C)=d(B,C) =
Jo+2)2+9 = J(y+12 +4
(y+2)2+9=(y+1)* +4
y2+4y+13=y> +2y+5
y =—4= The point is (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_
\ v42y=4

L 1 1
767472_9_ 2 4 8 101214 x
76_

—10+

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

1_
I I S I 7 B

=3 -0 5 7%
= 3x—4y=12
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27.

28.

29.

30.

x-intercept: 0; y-intercept: 0; not symmetric with
respect to the x-axis; symmetric with respect to
the y-axis; not symmetric with respect to the
origin.

3 y:_zxz
—4
-5
—6F
—7F
-8
—9F
—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.

5]
[ SN R
I

-2+
—3F
—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.

¥
S
3 [y=x°
1_
Lt i A 11
3 3 s
73_
sl

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.

I I
-3 -2 -1 0\ 1 2 3 X

31. No x-intercept; y-intercept: 2; not symmetric

with respect to the x-axis; symmetric with
respect to the y-axis; not symmetric with respect
to the origin.

—_

(R Y R R R N

32. x-intercepts: —1, 1; y-intercept: 1;

33.

not symmetric with respect to the x-axis;
symmetric with respect to the y-axis;
not symmetric with respect to the origin.

x-intercepts: —4, 4; y-intercepts: —4, 4;
symmetric with respect to the x-axis; symmetric
with respect to the y-axis; symmetric with
respect to the origin.

y
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34.

3s.
36.

37.

38.

39.

x-intercepts: —\/E, \/E; y-intercept: —4

not symmetric with respect to the x-axis

symmetric with respect to the y-axis

not symmetric with respect to the origin.
y

y:x4—4

(5]
T T T

=
=
=

(x=2)2+(y+3)?=25

The center of the circle is the midpoint of the
5+(=5) 2+4
( )+—j=(o,3). The
2 2
length of the radius is the distance from the
center to one of the endpoints of the diameter =

\/(5 - 0)2 +(2- 3)2 = «/% The equation of the

diameter. M =(

circle is x% +(y—3)2 =26.
The radius is 2, so the equation of the circle is
x+2)2+(y+5°2=4.
2
2x—5y=10:>§x—2= y.

Line with slope 2/5 and y-intercept —2.

1—121:}5)(—2)):10:}2)(—5:_)7. Line
2 5 2

with slope 5/2 and y-intercept 5.

40.

41.

42,

43.

44.

Circle with center (-1, 3) and radius 4.

L x+ D2+ (y-3)?%=16

—4%{—2/1'/2 3| zlt X
x2+y2—2x+4y—4=O:>

X2 -2x+1+y +4y+4=4+1+4=
x-D*+(y+2)%=0.

Circle with center (1, —2) and radius 3.

K2 +y?—2x+4y-4=0

3x2+3y2—6x—6=0:>x2—2x+y2 =2=
x?-2x+1+ y2 =2+1=>(x—1)2+y2 =3.
Circle with center (1, 0) and radius \/5

YA 24y +4x+3=0

45. m

46.
47.a.

y=3x-2=>m=3;y=3x+2=m=3 The
slopes are equal, so the lines are parallel.
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b. 3x-5y+7=m= 3/5; 51. Domain: (—oeo,c0); range: (—oo,0).
5x-3y+2=0=>m=5/3 This is a function.
The slopes are neither equal nor negative
reciprocals, so the lines are neither parallel
nor perpendicular.

¢ ax+by+c=0=>m=-a/b;
bx—ay+d=0=m=b/a
The slopes are negative reciprocals, so the
lines are perpendicular.

1 1
d y+2==x-3)=>m=—;

3 3 52. Domain: [2,e0); range: [0,°).
y=5=3(x-3)=m=3 This is a function.
The slopes are neither equal nor negative y
reciprocals, so the lines are neither parallel N

nor perpendicular.
2~ =Vx-2
48.a. The equation with x-intercept 4 passes =y
through the points (0, 2) and (4, 0), so its 1=
slope is 0=2_ —l. Thus, the slope of the 0 . 2 3 4 5
4-0 2

line we are seeking is also —%. The line 53. Domain: [-0.2,0.2]; range: [-0.2,0.2].

passes through (0, 1), so its equation is This is not a function.

y—l:—%(x—O):>y=—%x+l. 0.):1—

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. ' '

—04 —0 0 2 04X
49. Domain: {-1, 0, 1, 2}; range: {1, 0, 1, 2}. This \

is a function.
y

Lo —04F
o  2f
.1 54. Domain: (—oo,0]; range: [0, ).
10~ .. .
This is a function.
1,0
| ¢ é) | y
-1 0 1 P
-1 i
-1+ o
i
x=—\Vy 3

50. Domain: {0,3}; range: {-2, -1, 1, 2}.
This is not a function.

y 1=
3.2
2 L) | | | |
-4 -3 -2 -1 0 X
[ o
0.1
| | |
0 1 2 3 X
— 10
© -1
G.-2)
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55. Domain: {1}; range: (—oe, o). 6l. f(x)=4=3x+1=4=>x=1
This is not a function.
y 62. g(x)=2=x>-2=2=x=12

63. (f+g)(1)=rM+g
=(3(1)+1)+(12—2)=3

T T T
=
Il
—

-y 203 % 64. (f-g)(-1)=s(-D-g(-D
=(3(—1)+1)—((—1)2—2)=—1

|
=
T T T

65. (f-g)(-2)=f(-2)-g(-2)
= (3(-2)+ 1)-((—2)2 - 2) =10

56. Domain: (—oo,o0); range: {2}.
This is a function. 66. (g-£)(0)=g(0)- £(0)

1 =(02-2)- (3O +1)=-2
‘T 2
L 67. (fog)(3)=3(3"-2)+1=22
y=2
Al 68. (g0 f)(-2)=(3(-2)+1)*-2=123
S K R 69. (fog)(x)=3(x-2)+1=32"-5

2
57. Domain: (—eo,o0); range: [0, o). 70. (go f)(x)=(x+1)"-2= 9x” +6x-1

This is a function.

71. (fof)(x)=3(3x+l)+1=9x+4

72. (gog)(x)z(x2—2)2—2=x4—4x2+2

73. fa+h)=3@+h) +1=3a+3h+1

58. Domain: [1,00); range: (—eo, o). 74. gla—h)=(a- h?-2=a’-2ah+h* -2

This is not a function. fa+h) = f) _ (Bx+h)+1)—(3x+1)

y 75.
a4 2 h h
x=y'+1 _3x+3h+1-3x-1_3h_,
2 - h h
| | | | |
7:_ 4 6 8 10 Xx e 2+ h)— g(x) _ ((x+h)2 _2)_ (x2 )
h h
- X 4 2xh R -2 -x2 42
- h
59. f(-2)=3(-2)+1=-5 _ b
h

60. g(-2)=(-2)>-2=2
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77. Domain: (—ee,o0); range: {—3}.
Constant on (—oo, o).

78. Domain: (—oo,o0); range: [—2,o0).

Decreasing on (—o,0); increasing on (0, o).

79. Domain: [%, oo); range: [0, oo)

ngon (3.
Increasing on 5’ oo |,

gx)=V3x-2

80. Domain: [-6,6]; range: [0,6]. Increasing on
(=6,0) ; decreasing on (0,6).
y
h(x) = V36 - x2

[ |
8-6-4-20 2 4 6 8%

81. Domain: (—eo,0); range: [1,0). Decreasing on

(=0,0); increasing on (0, o).

—/l0 W b oy T
I

x+1 ifx=0
lf(“l“)T{l—)fH ifx<0

3 5x

|
-5 -3 -1

(=]

82. Domain: (—eo,0); range: [0,o0). Decreasing on

(=0,0); increasing on (0, o).

y
10—
9_
8 _Jx ifx=0
7—g(")‘{x2 ifx<0
oL
5_
4_
3_
L
1_
[ T | [ O |
-5 =3 =10/ 1 3 5x

83. The graph of g is the graph of fshifted one unit
left.

1 L
-2 -1 1 2 3 4 5 %

84. The graph of g is the graph of fshifted one unit
right, stretched vertically by a factor of 2, and
then shifted three units up.

85. The graph of g is the graph of f shifted two units
right and then reflected in the x-axis.

8(x)

o -
()
=
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86.

87.

88.

89.

90.

91.

92.

93.

9.

The graph of g is the graph of f shifted one unit
left and two units down.

§) J@

S I N N

-5 —-3\-10
\;‘{

-3
—4F

w -
-
=

T ™

fEn=0" -0t =22t = =
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.

fE=E0  + =2 —x==f() =
f(x) is odd. Not symmetric with respect to the

Xx-axis; not symmetric with respect to the y-axis;
symmetric with respect to the origin.

fx)=|-2|+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) orf(—x) = f(x) is
neither even nor odd. Not symmetric with
respect to the x-axis; not symmetric with respect
to the y-axis; not symmetric with respect to the
origin.

fEx)==x % f(0) orf(=x) = f(x) is
neither even nor odd. Not symmetric with
respect to the x-axis; not symmetric with respect
to the y-axis; not symmetric with respect to the
origin.

f(=x) =—%= —f(x)= f(x)is odd.
X

Not symmetric with respect to the x-axis;
not symmetric with respect to the y-axis;
symmetric with respect to the origin.

f)=vx*—4 = f(x)=(goh)(x) where
g(x) =~/x and h(x) = x> - 4.

g(x) =(x2 —x+2)50 = g(x)=(f o h)(x)

wheref(x)=x and h(x) = K —x+2.

95. h(x)= / :> h(x)=(f o g)(x) where

fx)= J} and g(x) =
+5

96. H(x)=Q2x-1D>+5= H(x)=(fog)(x)
where f(x) = x> +5 and g(x) = 2x—1.

97. fix)is one-to-one. f(x)=y=x+2.
Interchange the variables and solve for y :
xX=y+2= y=x—2=f71(x).

Y

98. f(x)is one-to-one. f(x)=y=—-2x+3.
Interchange the variables and solve for y :

1 3 .4
= 2y+3= y=——x+== .
x y y=-Sx+ ™

99, f(x)is one-to-one. f(x)=y=3x-2.

Interchange the variables and solve for y :

x=3y-2=y=x+2=5"" .
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100. f(x) is one-to-one. f(x)=y=8x>—1. So,
. 3x+6  if -3<x<-2
Interchange the variables and solve for y : |
} x)=9=x+1 if -2<x<0
x=8y3—1:>y=3x+1:> f() B
8 x+1  if0<x<3

%ﬂF: £,

b. Domain: [-3,3]; range: [-3.4]

c. x-intercept: —2; y-intercept: 1
d. y
=34 5C
FEINC L
0.1 (5
[ ! [
-5 -3 —10 1 \3 5=
3,-3)
-1 -
101. f(x)= y— 2x¢2
Interchange the variables and solve for y. ¢ y5-
x=—_1:>xy+2x=y—1:> (=33 B
y+2 W L
xy—-y=-"2x-1=ykx-1)=-2x-1= N T
y:—2x—11 y=fo ( )= 2x+1 -5 —3(4};(0,71)3 5%
—x A
Domain of f: (—e0,-2) U (-2, oo) -3
Range of f: (—eo, 1)U (1,00) ;5: (3. -4
102, fo=y=2F3 va1, f. W6
x—1 5
Interchange the variables and solve for y. ~
2y+3 v
= N = xy—x=2y+3= (—2,1)f/l'(0,2)
y— K
xy=2y=x+3=yx-2)=x+3= 7; |73| 17{79_{ I é l ;x
x+3 -
y=f"x )— ) -3,-2 ;1
Domain of f: (—oo DU, ) =
Range of f: (—0,2) U (2,) N
103.a. A=(-3,-3),B=(-2,0),C=(0,1),D=(3,4). g ys_ »
Find the equation of each segment: -G
0-(=3) S+
Mmyp=—"—""-=3.0=3(-2)+b=>b=6. -
A2 (-3) 2 a0 L
The equation of AB is y =3x +6. — o
ch=i=l§b=1~ L
0-(=2) 2 (—4,-3) B
The equation of BC is y = %x +1. -°r

4-1
mep =——=1b=1.
CD 3-3

The equation of CD isy = x +1.
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h. y
8
7
6
5
4
3
2,011
LA
S 3 [t 3 s X
72_
73_
74_
75_
3.6 O
i y
S
| o(15,4)
2%@0
_ 0, 1)
I |(|1’|0)1/u [
-5 -3 f?_l 3 5%
(-15,-3*73
75_
j y
st (6,4
(a0 D&
e AR
-6 —10[1 6 x
(=6, =3) -
75_

k. fis one-to-one because it satisfies the
horizontal line test.

L. y
5

4,3)

I I |

- W
T\SIIIII
e
w =
[Ty =
=

-5 -3 -10
-1
-3 _(0 -2
=3.-3 L
75 —
Applying the Concepts
104.a. rate of change (slope) = 2595-19.2 =
25-10

19.2=0.4510)+b= b=14.7.
The equation is P =0.45d +14.7.

0.4

5.

105.a.

106.a.

107.a.

d.

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+55¢-3t> = (-t +20)(3t +5) =
t=20, t =—5/3. Since ¢ represents the
amount of time, we reject t = —5/3.

Chloe will lose all her money after playing
for 20 hours.

$100/20 = $5/hour.

108. If 100 < x <500, then the sales price per case is

$4 — 0.2(4) = $3.20. The first 100 cases cost
$400.

4x if 0<x <100
f(x)=43.2x+80 if 100 < x <500
3x+180 if x > 500
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109.0. (Lox)(r)=05(1+ 0.002;2)2 +4

= 0.5v0.000004¢* +0.004¢% +5

b. (Lox)(5)= 0.5\/(1 + 0.002(52))2 +4

=0.5y/(1.05)% +4 = 0.5/5.1025

=1.13

110.a. Revenue = number of units x price per unit:
xe p = (5000 + 507 +10¢2)(10 + 0.5¢)
=517 +125¢% +3000¢ + 50,000

b. p=10+0.5t=1t=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(40p% =700p +8000) =

40p> =700p2 +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

_[(Z24 ¢4 345
c_( o 3 )_(3,4).

The length of the diameter is

\/(—4 ~(-2)) +(5-3)* =B =22.

Therefore, the length of the radius is V2.
The equation of the circle is

(x+3)" +(y-4)* =2

2. To test if the graph is symmetric with respect to

the y-axis, replace x with —x:

3(=x)+2(-x)y? =1= —3x—2xy% =1, which
is not the same as the original equation, so the
graph is not symmetric with respect to the

y-axis. To test if the graph is symmetric with
respect to the x-axis, replace y with —y:
3x+2x(-y)? =1=> 3x+2xy? =1, which is the
same as the original equation, so the graph is
symmetric with respect to the x-axis. To test if
the graph is symmetric with respect to the
origin, replace x with —x and y with —y:
3(=x)+2(-x)(-y)* =1= 3x—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)=x=0o0rx=30orx=—-1

y= 02(0 —3)(0+1) = y = 0. The x-intercepts
are 0, 3, and —1; the y-intercept is 0.

x2+y2—2x—2y=2

Intercepts:
y2—2y=2:>y=1i\/§
x2-2x=2=x=1+-3

5. 7=-12)+b=>9=b
The equation is y = —x + 9.
7
6. 8x-2y=7= y:4x—E:> the slope of the
lineis 4. -1=4(2)+b = b =-9. So the

equationis y =4x-09.

7. (/2)(2)=f(2)-2(2)
=(-2(2)+ 1)(22 +3(2)+ 2)
= (=3)(12) = -36

8. g(f(2)=g(2)-3)=g)=1-2()*=-1
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9. (fof)(x)=(x*-2x)%-2(x* -2x)
=x* —4x +4x? - 2x% + 4x
=xt =4 +2x% +4x

10.a. f(-D=(-1)>-2=-3

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

b. f(O)=0-2=-2

e fh=1-21)2=-1

1—x>0= x < 1;x must also be greater than or
equal to 0, so the domain is [0, 1).

f@-fO _(2W+7)-(2M+7)
4-1 3

=2

f=x) =20 - 3fﬂﬁ—%=ﬂm:

f(x) is even.

Increasing on (—<0,0) and (2,°); decreasing on
0,2).

Shift the graph of y = Jx three units to the

right, then stretch the graph vertically by a
factor of 2, and then shift the resulting graph
four units up.

25=25-(2t-52 =0=-(2t-5°=
0=2t-5=>1=5/2=2.5 seconds

f@)=1=f"(7)=2
2x .
f(x)=y= . Interchange the variables
=
and solve for y: x = 2—y1 =
y—

Xy—x=2y=xy-2y=x=

Yx—2)=x=y=fl(x)=——
x—2

A(x) =100x + 1000
a. C(230) = 0.25(230) + 30 = $87.50

b. 57.50=0.25m+30 = m =110 miles

Chapter 2 Practice Test B

1.

10.

11.

To test if the graph is symmetric with respect to
the y-axis, replace x with —x:
|-x|+2|y|=2=|x|+2|y| =2, whichis the
same as the original equation, so the graph is
symmetric with respect to the y-axis. To test if
the graph is symmetric with respect to the x-
axis, replace y with —y:

|| +2|-y|=2= |x|+2|y|=2, whichis the
same as the original equation, so the graph is
symmetric with respect to the x-axis. To test if
the graph is symmetric with respect to the
origin, replace x with —x, and y with —y:
|-x|+2|-y|=2=|x|+2|y| = 2, whichis the
same as the original equation, so the graph is

symmetric with respect to the origin. The
answer is D.

0=x’-9=x=43;y=02-9= y=-9. The
x-intercepts are +3; the y-intercept is —9. The
answer is B.

D 4. D 5. C

Suppose the coordinates of the second point are

1 b-2
(a, b). Then _5 = 3 Substitute each of the

a—
points given into this equation to see which
makes it true. The answer is C.

Find the slope of the original line:
6x-3y=5=>y= 2x—§. The slope is 2. The

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

(fog)(x)=3(2-12%)-5=1-3x".

The answer is B.

(f o f)(x) = 2(2x2 —x)2 —(2x2 —x)
=8x* —8x3 +x

The answer is A.

l1-(a-1) 2-a

l+(a-1) a

The answer is C.

gla—1)=

1—x 2 0= x<1; x must also be greater than or

equal to 0, so the domain is [0, 1].
The answer is A.
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12. X2 43x-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= o Interchange the variables
3x+2
and solve for y: x = Y
3y+2
3xy+2x=y=3xy-y=-2x=
yBx-)==2x=y=fl(x)=- 2x =
3x—1
-1 _ 2x
= 13

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)

2 3
l.a. x—3 y—2 = ﬁ y—6 = y_2
y2 x3 y4 x9 x3

11 1
-1_-1 T o
Xy Xy Xy 1
b - _1= = =
xtey™ L1 ykx x4y
Xy Xy

2.0. 2x2+x-15=2x-5)(x+3)

b. x> —2x>+4x-8=x>(x-2)+4(x—2)
= (x> +4)(x-2)

3. V754108 =192 =53 +6/3 - 83

=33
x—1 x=2 (x-Dx+2)-(x-2)(x+1)
x+1 x+2 (x+1)(x+2)
(P rx-2)-(xt—x-2)
B (x+D(x+2)
_ 2x
T (x+D(x+2)
in 1 1 2-43 2_\/5_2_\/5

243 243 2-3  4-3

o1 ~J§+2=\/§+2=\E+2
J5-2 5-2 5+2 5-4

3x-7=5=3x=12=>x=4

L = 3 = There is no solution.
x—-1 x-1

2 -3x=0= x(x-3)=0=
x=0or x=3

2 43x-10=0= (x+5)(x-2)= 0=
x=-S5orx=2

1+1-42
2x2—x+3=0=>x=—( )3) =
2(2)
1+£+-23 114423
X=—— == —

4x2-12x+9=0= (2x-3)2 =O:>x=%

x=6x+8=0= (Vx—4)(Vx-2)=0=

Jr=4=x=160or/x=2=x=4

2
(x—lj —IO(x—l)+21=0.
x x

1
Letu=x——.

X
u?-10u+21=0=
u-THu-3)=0=u=7uu=3;
x—l=7=>x2—1=7x=>

X
T+72 = (4)(-1) -

X2 =Tx-1=0=x=

2
+
=7‘*/§;x—1=3:>x2—1=3x:>
2 X
[x2
+ —_A(—
x2—3x—1203x=w:
L33
2

The solution set is

{7—\/5 7453 3-413 3+\/E}_

> s

2 72 2 2
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9a. x—1=2x-1=3x-1=2x-1)* >
3x—1=4x? —dx+1=4x> - Tx+2=0=

T+y(D?-4H2) 7+ 17
xX= = It

2(4) 8
x= _\/ﬁ, 3 717 —-1=0.281 while
8 8
2(7 _g/ﬁ] —1=-0.281, so the solution set
. {7+\/ﬁ}
is .
8
b. V- x=2-+2x+1

(Ef:(z—ﬁf
l1-x=4-42x+1+2x+1
—4-3x=—42x+1
(_4_3x)2=(_4m)2
16+ 24x+9x% =16(2x +1)
16+24x+9x> =32x+16
9x2 —8x=0= x(9x—8)=0

x:00rx:§.
9

Check to make sure that neither solution is
extraneous. The solution set is {0,8/9}.

10.a. 2x-5<11= x<8= (—0,8)
b. 3x+4>-5= x<3= (—,3)

1l.a. 3<2x-3<5=0<2x<8=0<x<4.
The solution set is (0, 4).

b. 551-2x<7=4<-2x<6=>-2>2x>-3.
The solution set is [-3, —2].

12.. 2x-1<7=2x-1<7= x<4
or2x—12-7= x2>-3.
The solution set is [-3, 4].

b. [2x-3[25=2x-325=x24o0r
2x-3<-5=x<-1.
The solution set is (—eo,—1] U [4,00).

13. d(A,C)=y2-52+@2-(-2)% =5

d(B.C)=\(2-6)*+(2-57% =5
Since the lengths of the two sides are equal, the
triangle is isosceles.

14.

16.

17.
18.

19.

y

2x+3y=0 3 2x-3y=0
2
1

First, find the equation of the circle with center
(2, -1) and radius determined by (2, —1) and (-

3,-1): r=2—(=3)% +(-1-(-1))* =5.

The equation is (x — 2)2 +(y+ 1)2 =52 Now
check to see if the other three points satisfy the
equation: (2-2)2+(4+1)?=5%=5%=52,
5-22+3B+1)>=52=3%+4% =5 (true
because 3, 4, 5 is a Pythagorean triple), and
6-22+2+1)?=52=4%+3% =52

Since all the points satisfy the equation, they lie
on the circle.

x? +y2 —6x+4y+9=0=

x> —6x+ y2 +4y=-9.

Now complete both squares:

X —6x+9+y +4y+4=-"9+9+4=
(x-3%+(y+2)?%=4.

The center is (3, —2) and the radius is 2.

y=-3x+5

The x-intercept is 4, so (4, 0) satisfies the
equation. To write the equation in slope-
intercept form, find the y-intercept:
0=2(4)+b=-8=b

The equationis y =2x-38.

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

7T-(=D)

5-3

is —1/4. The perpendicular bisector passes
through the midpoint of the original segment.
The midpoint is (?, _12+ 7

this point and the slope to find the y-intercept:

=4, so the slope of the perpendicular

J =(4,3). Use

3= —%(4) +b = 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:

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

27.

28.

y
6

T x2—2x+)y?—4y—-4=0

fO=Vx+2+3

M fe) = —-(x—1*+4

[ I
-5 -3 -

o\\wpmo\%
T

~1
-2
-3
-4

T T

29. Let x = the number of books initially purchased,

and 160 = the cost of each book. Then x — 16 =
X
the number of books sold, and 1650 = the
X—

selling price of each book. The 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 =
10x2 —160x — 26,400 = 0 =
x2=16x-2640=0= (x—60)(x+44) = 0=
x =60, x = —44. Reject —44 because there

cannot be a negative number of books. So she
bought 60 books.
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30. Letx = the monthly note on the 1.5 year lease,

3l.a

32.a.

b

and 1.5(12)x = 18x = the total expense for the

1.5 year lease. Then x — 250 = the monthly note

on the 2 year lease, and
2(12)(x — 250) = 24x — 6000 the total expenses
for the 2 year lease. Then

18x+24x - 6000 = 21,000 =
42x =27,000 = x = 642.86. So the monthly

note for the 1.5 year lease is $642.86, and the
monthly note for the 2 year lease is
$642.86 — 250 = $392.86.

. The domain of fis 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=—1or[—1,0) in interval notation is

the domain.

y=+v0+1-3=y=-2;0=vx+1-3=

3=Vx+1=9=x+1=8=ux The
x-intercept is 8, and the y-intercept is —2.

f(=D=~-141-3=-3
f()>0=>Vx+1-3>0=>Vx+1>3=>

x+1>9 = x> 8. In interval notation, this
is (8,0).

f(=2)=—=(=2)=2; f(0)=0? = 0;

f)=2>=4
. fdecreases on (—,0) and increases on

(0, 00).

y

8F

T [fo=2

flo)=—x

,2_

33.a. (fog)(x): 5 =

1 1 x
PR B TR e

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 f, any
values of x for which g(x) = 2 must also be
excluded from the domain of

2
(fog):==2=x=1, solisexcluded
x

also. The domain of (f o g) is
(===, 0)U (0,HU (1, ).

2
(gof)(x)zTZZ(x—Z)ZZx—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 ( gof )
However, there is no value for x which makes
fx) = 0. So the domain of (go f) is

(—=0,2) U (2,0).
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