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2.1

Chapter 2 Graphs and Functions

The Coordinate Plane

2.1 A Exercises: Basic Skills and Concepts
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2.a. Answers will vary. Sample answer: (-2,0),
(=1,0),(0,0),(1,0),(2,0) . The y-coordinate is
0.
b. )
37 05,1
(0, 1) / @
(2D  yé& 021
L1 1 [
3-2-10 1 2 3 X
-1
The set of all points of the form (x, 1) is a
horizontal line that intersects the y-axis at 1.
3.a. If the x-coordinate of a point is 0, the point
lies on the y-axis.
b.
|
-5
The set of all points of the form (-1, y) is a
vertical line that intersects the x-axis at —1.
4.a. A vertical line that intersects the x-axis at —3.
b. A horizontal line that intersects the y-axis at
4,
S.a. y>0 b. y<0
c. x<0 d x>0
6.a. QuadrantIII b. QuadrantI
c¢. QuadrantIV  d. Quadrant II

In Exercises 7-16, use the distance formula,

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

formula, (x,y)= (XI"'T)CZ’ b} ;)&j .

Ta. d=v2-22+G-12 =42 =4

8. d=y(-2-32+5-52 =52 =5

b. M= (Mﬂ) =(05.5)
> 2

9.8. d=+Q2-(-1))* +(=3-(-5))>

=\32+22 =413

b, M= (—_”2 ,—_5+(_3)) =(0.5,-4)
2 2

102, d =+(-7-(-4)% +(-9-1)°

= (=32 +(-10)* =109

b M :(—4+(—7)’1+(—9)J:(_5.5’_4)
2 2

1La. d=yG-(-1))%+(-6.5- 1.5
= 4% +(-8)> =80 = 4/5

u =(—1+3’1.5+(—6.5))= (1-25)
2 2

128, d =(1-05)%+(-1-0.5)>
=052 +(-1.5)2 =25 =158

- =(o.5+1,0.5+(—1)
2 2

J ~ (0.75,-0.25)

13.a. dz\/(ﬁ—ﬁ)2+(5—4)2 V12 =1

b. M =(M ﬂJz(\/§,4.5)

2 72

4. d=(v-w)-@+w)?+(1—0n>

= \[(—2w)2 = 2|w|
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b. M:(w,ﬂj:(w)
2 2
15.a. d=+(t-k)?>+k-1)?
=\/(12—21k+k2)+(k2—2kz+12)

=262 — 4tk + 2k2 =\/2(12 - 2k +k2)

=20 -k)* =] - kN2

b M =(Hk’t+kJ
2 2

16.a. d= \/(—n—m)2 + (—m—n)2

= \/(nz +2mn+mz)+(m2 +2mn+n2)
= \/Z(m2 +2mn+n2)
- W: Im+n)\2

b M_(m+(—n) n+(—m)j
U 2 2

(e

2 72

17. P=(-1,-2),0=(0,0),R=(1,2)
d(P.0Q) = \/(o_(—l))z +(0-(-2))* =5
d(Q.R)=\1-0+(2-0) =5
d(P,R)=(1-(=D)* + (2= (-2))*

=v22+4%2=20=25
Because d(P, Q) + d(Q, R) = d(P, R), the points
are collinear.

18. P=(-3,-4), 0= (0,0, R= (3, 4)
d(P,0)=(0-(-3)" + (0~ (-4))’
d(Q.R) =(3-0)? +(4 0)? =425=5
d(P,R) =3 (=3))> + (4= (4)?

=67 +8% =100 =10
Because d(P, Q) + d(Q, R) = d(P, R), the points
are collinear.

19. P=(4,-2), Q_(l 3),R=(-2,8)
d(P,Q) = \/1 4 +(3-(-2))* =34
d(Q,R)—\/(—Z—l) +(8-3) =34
d(P,R) = \/(—2—4)2 +(8-(-2)

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

=\25=5

20.

21.

22,

23.

24,

25.

26.

27.

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,Q)= \/(3 — (D) +(0-4)" =42
d(Q.R) =(11-3)> +((-8)~ 0)* =82
d(P.R)=[(11= (=1))? + (-8 - 4)*

=(12)2 +(=12)2 =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)% +12 = /65 =2/16.25

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

d(P,0) = (-1~ (=5))> + (4-5)> =17
d(Q R) = (~4- (=) +(1-4)?
d(P.R) = [(~4— (=5)) +(1-5)

The triangle is isosceles.

SIS

d(P,0) = (6-3) +(6-2) =

d(Q.R)=(-1-6)* +(5-6)> =52
d(P,R)=(-1-3)? +(5-2) =

The triangle is isosceles.

d(P,0) = (0~ (~4)* +(7-8)> =17
d(Q.R)=[(-3-0)> +(5-7)? =13
d(P,R) = (-3 (~4))> +(5-8)* =10

The triangle is scalene.
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d(Q,R)=\/7—3 +(5-(-2))" =65 (__‘/—”J

d(P.R) =7~ (D) +(5-4)° =65
The triangle is isosceles. 3 23 +1+3/3-3+2. 25)
+(1.75-43)

d(P,Q)= \/3 (=)’ +(-2-4)* =213 \/ 1 )+2.25)

. d(P,0)=\(-1-6)* +(-1-6)} =72

_
d(O,R) = \/(—5 — (D) +(3-(-D)’

B (-)-cas]
d(P.R)=(-5-6)" +(3-6)" =130 AnR= £_< i
The triangle is scalene.

. d(P,0)=(9-0)> +(-9- (-))’ =145 )+025j
d(Q.R)=(5-9)> +(1- (=9))> =2429 B (iJ, 3+1)
d(P,R):\/ 5-0)" +(1-(-1)* =29
The triangle is scalene. - 3 2341443 1+025)

. . +(1.75+3)

. d(P,Q)=\/(—1—1) +(4-1)> =13 _55
d(Q,R) = \/(5 - (_1))2 + (8 - 4)2 = 2\/E The triangle is equilateral.

d(P,R) = /(5 _ 1)2 +(8- 1)2 =J65 35. First find the lengths of the sides:
The triangle is scalene. d(P,0Q) = \/ -1-7) 2 (3—(—12))2 =17

. d(P,0)=\(4-(-4))> +(5-4)* =65 4(Q.R) =14~ - 1) +(11-3) =17
4R =(0—4) +(22—5) =65 d(R.S)=(22-14)> +(-4—-11)> =17

2 —_
d(P.R)=J(0— (—4))* +(-2-4)* =213 a(s.P)=\(22-7)" + (4= -12))’ =17
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 The
d(0,S) = \/(22 — (D) +(-4-3)> =17\2

diagonals are equal, so the quadrilateral is a

The triangle is isosceles.

C d(P,0)=\(-1-1} +(1-(-D)* =242
d(Q.R) = \/(—ﬁ - (—1))2 +(-3- 1)2
=\/(3—2\B+1)+(3+2\E+1)

=8 = \/_ square.
d(P,R) = \/ ( 3= (- 1)) 36. First find the lengths of the sides:
d(P.0)=[(9-8)* +(-11-(-10))* =2
_\/(3+2J_+1)+(3—2J§+1) (P.Q)= +(=11-( ))2—
=\V8=212 d(Q.R) = \/8 9)* +(-12-(-1D)* =2
The triangle is equilateral. d(R.S) = \/( B ) AT (_12))2 5
. d(P7Q):\/(_15_(—05))2+(1—(—1))2 d(S’P):\/( ) ( 10_(_11)) :\/E
= \/g All the sides are equal, so the quadrilateral is
) \/— 2 either a square or a rhombus. Now find the length
d(Q,R)= \/((\/5 - 1) — (_1'5)) + (73_ IJ of the diagonals:
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37.

38.

39.

40.

d(P,R)=[(8-8) +(-12— (-10)) =2
d(0,S) = \/(7 —(-11)* +(~11-(-10))

=2
The diagonals are equal, so the quadrilateral is a
square.

5=\/(x—2)2+(2—(—1))2
=Nx?—4x+4+9=
S5=vx?—4x+13=25=x>-4x+13=

0=x’>—4x-12=0=(x—-6)(x+2)=
x==-2o0rx=6

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

P=(-5,2),0=(2,3),R=(x,0) (R is on the x-
axis, so the y-coordinate is 0).
d(P,R) =(x-(=5))* +(0-2)*
d(Q.R) = J(x—2) +(0-3)2
Y- 9) +(0-2)°
= J(x=2)> +(0-3)°
(x+5)%+(0-2)> = (x-2)> +(0-3)?

x2+10x+25+4=x>—4x+4+9
10x+29 = —4x +13

14x=-16
8

xX=—=
7

The coordinates of R are (—g,Oj .

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

d(P,R) = \/(0— 7)* +(y - (-4)?
d(0.R) =[(0-8)% +(y - 3)>
JO0-7)+(y-4)
=J0-8)%+(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 B Exercises: Applying the Concepts

41. y
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44, y Year Amount spent
2 1995 $330 billion
g [ 1996 $340 billion
£ 1or 1997 $350 billion
r 1998 $360 billion
L 1999 $370 billion
S 2000 $380 billion
45. v 2001 $390 billion
6 —
s 49. Denote the diagonal connecting the endpoints of
8 the edges a and b by d. Then a, b, and d form a
g 4 right triangle. By the Pythagorean theorem,
3l a’+b*>=d? . The edge c and the diagonals d and
L h also form a right triangle, so 2+d?=n.
A0 N I B N St 2 : i i
TR T Substituting d~ from the first equation, we obtain
Year a2+b2+C2=h2.
|
46. M = 22,000 +18,000 — 20,000 :
|
|
47. 1999 is the midpoint of the initial range, so 5 ‘
I h ¢
M 999 = 76+141 =108.5. 1998 is the midpoint I
)
of the range [1997, 1999], so ———- p===
b
M1998 = w = 9225 . 2000 iS the a
midpoint of the range [1999, 2001], so 50.a. 7Y
16~
Mgy = 2254 15475 S0, in 1998, LD e
92.25 billion was spent; in 1999, 108.5 billion g B
was spend; and, in 2000, 124.75 was spent. L
- i Pleasantvill
48. 1998 is the midpoint of the initial range, so ! - pullsvile e
[N Y O I
M ig9g = Mz 360. 1996 is the midpoint o 4 8 12 16 20
74 f—
of the range [1994, 1998], so
320+360 . S
M 995 = ————=340. 1995 is the midpoint b. d(D,M)= \/(800 —200)% + (1200 — 400)°
of the range [1994, 1996], so =1000
320 + 340 o d(M., P) = /(2000 - 800)? + (300 — 1200)>
M 995 = ————=330. Use similar =1500

reasoning to find the amounts for 1997, 1999,
2000, and 2001. Defense spending was as
follows:

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

d(D, P) =/(2000 — 200)2 + (300 — 400)>

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

=~ 1802.78 miles
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51.

First, find the initial length of the rope using the

Pythagorean theorem: ¢ = 24% +10% =26.
After t seconds, the length of the rope is 26 — 3.

Now find the distance from the boat to the dock,

x, using the Pythagorean theorem again and

solving for x: (26— St)2 =x? +10?
676~ 1561 +91* = x* +100
576156t +9¢* = x*

V576156t +9t% = x

2.1 C Exercises: Beyond the Basics

52,

53.a.

The midpoint of the diagonal connecting (0, 0)

ath ;j The midpoint of

and (a + b, ¢) is (

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

(a erb ;J Because the midpoints of the two

diagonals are the same, the diagonal bisect each
other.

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

©0f @0 g

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

DC= (35,3.5) = (x—;’SyTJ’S) So we have

x+3 y+38

35= =x=4and 3.5= > —=

y =—1. The coordinates of D are (4, —1).

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

ﬁ,ﬂ =(2.5,5.5). The midpoint of
2 2 P

DB = (25,5.5) = (x-sz %’4) So we have

X*3 20 and 55_%’4=>

25=

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
(5 +3 4+8

> ’Tj =(4,6) . The midpoint of DA =

(4,6) :(xgz’yT”J' So we have

x+2 y+3

4 = =x=6 and6=T:>y=9.The

coordinates of D are (6, 9).

54. The midpoint of the diagonal connecting (0, 0)
and (x, y) is (g,%) . The midpoint of the
diagonal connecting (a, 0) and (b, c) is

(a_;— b ;) Because the diagonals bisect each

X _a+b
other, the midpoints coincide. So —

x=a+b,and %=§:> y = c. Therefore, the
quadrilateral is a parallelogram.
55.a. The midpoint of the diagonal connecting

(1,2) and (5, 8) is (1;5 2;8) (3.5). The

midpoint of the diagonal connecting (-2, 6) and

(8,4)1s (_2; 8 ,izé‘j =(3,5). Because the

midpoints are the same, the figure is a
parallelogram.

b. The midpoint of the diagonal connecting

(3,2) and (x, y) is (“sz;y) The

midpoint of the diagonal connecting (6, 3) and

(6. 5)is (6. 4). So 2%

=6=>x=9 and
2+y
——=4=y=6.

5 y

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

J@-02+©0-0)2=a. QR=PS=

\/((a+b)—a)2 +(c=0)2 =+/b* +¢?. The sum of

the squares of the lengths of the sides =

2a*+b%+c?). d(P,R)=+(a+b)*+c>.
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d(Q,S) = \/(a ~b)* +(0-c)*. The sum of the and d(P,R) =+/(b—0)% +(c - 0)> =\/b? + 2.
The sum of the squares of the lengths of the sides
2 _

squares of the lengths of the diagonals is
((a+b)2+cz)+((a—b)2+c2)= is a’+(b-a)’ +c*+b” +c
2 2 2 2 2 2 _
a’+2ab+b> +c? +a* - 2ab+b* +c? = a 2+b —22ab+2a tetta 2+b 2_ 5
2a2+2b2+2c2=2(a2+b2+c2) 2a°+2b°+2c¢” —2ab=2(a” +b” +c” —ab).

2

. . . a
57. Let P(0, 0), O(a, 0), and R(0,b) be the vertices Then the midpoint, A, of PQ is (5’ 0) - the

of the right triangle. The midpoint M of the
L . (a+b ¢

. (a b midpoint, B, of QR is | ——,— |, and the
hypotenuse is 25 ) 2 2

2 2 midpoint, C, of PR is 2,— So the lengths of
a b 2’2
.=
the medians are:

\/ —— m d(A,R)—\/[b——j2+(c 0)2 \/(b—%jzmz,
e @——J SRR
Amp e e

2 2
58. Let P(0, 0), O(a, 0), R(a, b), and S(0,b) be the 4(C.0) = \/[2 j +(
vertices of the rectangle. Then the midpoint, A, 2

. [a . . /
of PQ is (E,Oj , the midpoint, B, of QR is __ a The sum of the

( a, 2 j , the midpoint, C, of RS is ( a ’ b), and squares of the lengths of the medians is
2 2 2\ a+bV ()2
,, e
the midpoint, D, of SP is (o, 5) . 2 2 2
c
+|——a
a 2 (b)? Va® +b? ( ) ( )
d(A,B)=,||=—a| +|=| =——. 2 5
2 2 2 % R N I 24+ 2ab+b c_
4 4 4
2 2 2,42
a b a“+b 2 2
d(B’C)=\/(a_5j +(E_bj =5 +%—ab+a2+%
PR bV a1 p2 :ﬁ+£+£_@:3(a2+b2+c2—ab)
d(C,D)=,|| 5=0| +|b=-3| =—F—. 2 2 2 2 2
2 2 2 3( ., )
=—(2(a” +b" +c” —ab)).
2 2 [ 2 .2 4
dAD)=[[%—0| +[0o-b] —Na *b”
2 2 2 2
All the sides are equal, so the figure is a X -
thombus. 60.a. d(A,C)= 3 )
59. Let P(0, 0), O(a, 0), R(b, ¢) be the vertices of N ( v - M)
the triangle. Then 3
5 3 2 2
d(P.0)=\a=0)* +(©0-0) =a, _ (xl—xzj +(Y1—y2)
3 3

d(Q.R) =\ (b- )2 +(c=0)2 =\(b-a)® +¢2,
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20 +x : d(A,D)+d(D,B)
(—1 Z— j \/ 2 2
d(C,B) = 3 _ (2x1+2x2) +(2y1+2y2)
2y +y 2 3
e B 2 2
3 +\/(x1‘x2) +(y1 = »2)
=\/[2x1_2x2j2+(2h—2y2)2 3
2 2
3 3 =2\/(x1‘x2) +(y1 =)
d(A,C)+d(C B)—\/()CI_XZ)ZJF(”_”)2 ’ 2 2
’ T 3 +\/(x1‘x2) +(y1 = ¥2)
+\/(2x1—2x2)2+(2Y1—2Y2)2 . - 3
3 =\/(x1—x2) +(n—2)
) \/(x1 - x2)2 +(y - y2)2 =d(A,B). So A, B, and C are collinear.
) 3 2, +2x, ) 2y, =2y 2
a5 5
+2\/(x1_x2)2+(Y1_)’2)2 \/ 3 3
2 2 _ 2\/(x1 +2,) (3 + 3,)°
:\/(xl‘xz) +(n-2) 3
2
d(A.B)=(x1 1)’ + (1~ y>)" . S0 A. B, =d(AB).

and C are collinear.

2 2 c.
o xq—x N~ 3 3 3
d(A,C)= || 2| +
“o \/( 3 ) ( 3 ) 2ty _22)+1_5
2 2 3 3 3
=\/(x1_xZ) +()’1_)’2) X +2xy  —1+2(4) 7
| 3 3 3 3
=—d(A,B). yit2y, _2+2(H) _4
3 3 33
2 . L 25
(x X +2x, ) The points of trisection are 33 and
-T2
b. d(A,D)= 3 5 ) (z i)
+(y1_)’1+ YZJ 3’3 )
3
2, +2x%, (2y+2y, )
= ( M XZJ +( N1 T2V j 2.1 Critical Thinking
3 3
5 61.a. the y-axis
X +2x
(% - xzj b. the x-axis
d(D,B) = 2 ; _ ,
N2 +2y, 62.a. the union of the x- and y- axes
3 b. the plane without the x- and y- axes
_ \/[ x| — Xy jz + ( Y=Y jz 63.a. Quadrants I and III
3 3 b. Quadrants II and IV

64.a. the origin

b. the plane without the origin

65. Let (x, y) be the point.
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The point lies in if
Quadrant I x>0andy>0
Quadrant IT x<0andy>0
Quadrant III x<0andy<0
Quadrant IV x>0andy<0
y
(=) (+,+)
0 X

=) (+,-)

Section 2.2 Graphs of Equations
2.2 A Exercises: Basic Skills and Concepts

In exercises 1-0, to determine if a point lies on the
graph of the equation, substitute the point’s
coordinates into the equation to see if the resulting
statement is true.

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

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

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

1
4. on the graph: (1, 1), (2,5) ; not on the graph:

1
0, 0, (—3,§J

5. on the graph: (1, 0), (0, —1); not on the graph:
(2.43).(2.3)

6. Each point is on the graph.

7. x-intercepts: -3, 0, 3; y-intercepts: -2, 0, 2

8. x-intercepts: —2, 4; y-intercept: —4

10.

11.

12.

13.

3

(=1,0)

y
5

O, 1) ’
RN

y
6~ (3,6)
a- do4
0.0 02
EEEREVAEEEEE
6 4 —2 g 2 4 6x
-1,-2f
Ry
-3.-6 ¢ —¢|-
y
3_
2 (3. 1.5)
Loaen
,0) (1,05)
L L
3 2 - I 2 3x
TTE(=1,-0.5)
(=2, -1
_2_
(=3, —1.5)
y
10k
(=3,9 9 3.9
8_
7_
6_
5_
(—2,4% 4 $2.4
3_

2_
~LHRI-#0, 1
LT NG L1
5 3 -1 Y1 3 5%
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14.

15.

16.

17.

18.

19.

I(O’O)I | 11 1 20.

B (—3,5) 3,5)

(=3,9) -9 (3,9

(=3,-5)

-5 3, =5
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25.

26. y
gy
(—3,1.44) 3k
—2,1.26
( ),
(-1,1) ™ (0,0)
| I I | [ I |
—4 -3-2-10 1 2 3 4«x
71_
_,[d- =D
3L @ -120
(3, —1.44)
74_
217. y
g
3 (3,3)
2 2,2)
11— 1,1
©.0]

30.

31.

32.

33.

34.

35.

36.

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

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

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

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

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

equation for x: g—g =1= x=2.To find the y-

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

%—% =1= x =-3. The x-intercept is 2; the y-

intercept is 3.
To find the x-intercept, let y = 0, and solve the

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

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

To find the x-intercept, let y = 0, and solve the
equation for x: x = 0% - 5(0)+6= x=6.
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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.

37. 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: 02 + y2 =4 = y =12. The x-intercepts
are —2 and 2; the y-intercepts are —2 and 2.

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

equation for x: 0 =+9 - x> = x=43. To find
the y-intercept, let x = 0, and solve the equation
fory: y=+49- 0’ = y = 3. The x-intercepts
are —3 and 3; the y-intercept is 3.

39. To find the x-intercept, let y = 0, and solve the
equation for x: 0= Vx?—1= x==1. To find

the y-intercept, let x = 0, and solve the equation
fory: y= v02 =1 = no solution. The x-
intercepts are —1 and 1; there is no y-intercept.

40. 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 1; there is no y-intercept.
In exercises 41-50, 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.

41. -y = x2 +1 is not the same as the original
equation, so the equation is not symmetric with
respect to the x-axis. y = -0 +1=>
y= x% +1, so the equation is symmetric with
respect to the y-axis. —y = 02 +1=>
-y = x% +1, is not the same as the original

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

42, x= (—y)2 +l=>x= y2 +1, so the equation is
symmetric with respect to the x-axis.

43.

44.

45.

46.

—-x= y2 +1 is not the same as the original
equation, so the equation is not symmetric with

respect to the y-axis. —x = -y +1=

—-x= y2 +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 = (0} -x=

y= 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= —()C3 +tx)=>y= x>+ x, so the equation
is symmetric with respect to the origin.

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

y= 23 +x= y= —2(x* = x) is not the same
as the original equation, so the equation is not
symmetric with respect to the y-axis.

-y= 2(-x)% - (—x) = -y= 23+ x>
—y:—2(x3—x):> y:2x3—x, so the
equation is symmetric with respect to the origin.

—-y= 5x* +2x? is not the same as the original
equation, so the equation is not symmetric with
respect to the x-axis. y = 5(—x)4 + 2(—x)2 =

—-y= 5x* +2x2 5o the equation is symmetric
with respect to the y-axis.
—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.

_ 6 4, 2.
—y=-3x"+2x" +x” is not the same as the

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

y= —3x% 4+ 2x% + 12
symmetric with respect to the y-axis.

, so the equation is
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47.

48.

49.

50.

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

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

—y=30 120 = oy =3 -2 =
—-y= —(—3x5 + 2x3) =y= —3x7 +2x7, so the
equation is symmetric with respect to the origin.

—-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)2 - |—x| =

y= 2x2 - |x| , so the equation is symmetric with
respect to the y-axis. —y = 2(—x)2 - |—x| =

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

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

x2(=y)? +2x(—y) =1=> x?y? = 2xy =1 is not
the same as the original equation, so the
equation is not symmetric with respect to the x-
axis. (—)c)zy2 +2(—x)y=1= xzy2 —2xy=1
is not the same as the original equation, so the
equation is not symmetric with respect to the y-

axis. (—x)?(=y)? +2(=x)(-y) = 1=
x? y2 +2xy =1, so the equation is symmetric
with respect to the origin.

X2+ (—y)2 =1= x>+ y2 =1, so the equation
is not symmetric with respect to the x-axis.
(—)c)2 + y2 =1= x>+ y2 =1, so the equation
is not symmetric with respect to the y-axis.
02 +(=y?=1=x*+y>=1,s0the
equation is symmetric with respect to the origin.

For exercises 51-70, use the standard form of the

equation of a circle, (x - h)? + (y— 02 =r2.
51.
52.

2

Center (2, 3); radius = 6
Center (-1, 3); radius =4

53. Center (-2, —3); radius = \/ﬁ

54. Center l,—g) ; radius = ﬁ
22 2

55. Center (a, —b); radius = |r|
56. Center (—a,—b); radius = J7

s7. x2+(y—1)2 =4

8. x-n24y?=1

9 42+ (y-22=2

60. (x+2)2+(y+3)2=7 [ R R |
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61. Find the radius by using the distance formula:
d =[(-1-3)2 +(5— (~4))2 =/97 . The
equation of the circle is

(x=3)2+(y+4)*=97. y

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

x-1D>+(y-2)%=4.

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

(x=D2+(y-2)% =1. i_
2.5
2
1.5
R
05
i BRI
ol 051 152 x

64. 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)2+(y-52=26.

—_—

[~ oW AU o0 \O — T

L1 1]
-4 2 0

L
]

65.

66.

67.

68.

69.

70.

x2+y2—2x—2y—4=0=>

x?-2x+ y2 —2y=4.Now complete the
square: x2—2x+1+y2—2y+1=4+1+1=>
(x=1)? +(y—1)> =6. This is a circle with
center (1, 1) and radius \/E .

x2+yr—4x-2y-15=0=>

xr—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 Zx/g .

2x2+2yr+4y=0=2(x2 +y2+2y)=0=
X+ y2 +2y=0. Now complete the square:
24242y +1=0+1= x>+ (y+ D% =1.
This is a circle with center (0, —1) and radius 1.
32 43y2+6x=0=3(x>+y2 +20)=0=
x2+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.
)cz+y2—x=0=>xz—x+y2 =0. Now
complete the square:

2
x? —x+l+ y? =0+l=> )c—l +y? =l.

4 4 2 4
This is a circle with center (1/2,0) and radius

1/2.

x> +y2+1=0= x> + y? =—1. The radius
cannot be negative, so there is no graph.

2.2 B Exercises: Applying the Concepts

71.

72.

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|.

The distance from P(x, y) to (1, 2) is
\/(x - 1)2 +(y— 2)2 while the distance from P

t0 (3,4 is J(x=3)2+(y+4)2 .
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73.

74.

So the equation of the graph is
Ja-D?+(y-2)? =
Ja=32+(y+)? = @-1)2+(y-2)* =

(x=3)2+(y+4)? = x> -2x+1+y?> —4y+4=

x2—6x+9+y>+8y+16= —2x—4y+5=
—-6x+8y+25=4x-20=12y =
1 5

=—x-=.
Y=343

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 is

\l(x—2)2+y2 :|x|:>(x—2)2+y2=x2:>-

)c2—4x+4+y2 = x? :>y2 =4x-4=
2 2

R S
4 4

The distance from P to the point (0, 4) is

\Ixz +(y— 4)2 while the distance from P to the

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

V=2 ==+ (-7 =y =

x2+y2—8y+16=y2:>x2=8y—16:>

x2+16  x?
8 8

75.a. Since July 2004 is represented by ¢ = 0,

March 2004 is represented by ¢ = —4. So the
monthly profit for March is determined by

P =-0.5(-4)? —3(—4) +8 = $12 million.

Since July 2004 is represented by 7 = 0,
October 2004 is represented by ¢t = 3. So the
monthly profit for October is determined by

P =-0.53)%-3(3) +8=-%$5.5 million.

=-0.52-3r+8

L1 11
4 61

)

|
=)

|
S

|
[S)
=)
)

b
(=}
TT T 171

76.a.

77.a.

To find the #-intercept, set P = 0 and solve for

£ 0=-0.5t"-3t+8=

L J(3)2-4(-05)8) 3++725
2(-0.5) -1

=2 or — 8. The r-intercepts represent the
months with no profit and no loss.

To find the P-intercept, set ¢ = 0 and solve to
P: P =-0.5(0)> -3(0)+8= P =8. The P-
intercept represents the profit in July 2004.

P
8.8

8.7
8.6

8.2 P p = _0.0022+0.093¢ + 8.18

1
1 2 3 4 5 6%

To find the t-intercept, set P = 0 and solve for
t: 0=-0.002¢> +0.0937 +8.18 =

00034 \/0.0932 — 4(-0.002)(8.18)
B 2(-0.002)
~ —0.093£+/0.074089

—-0.004
Because the domain is restricted to [0, 6],
there is no #-intercept.

=-44.8 or 91.3

To find the P-intercept, set t = 0 and solve to
P: P =-0.002(0)> +0.093(0) +8.18 =

P =8.18. The P-intercept represents the
number of female college students in 1995.

t | 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
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C.

78.a.

y
P}
6o Y= 16t~ + 128t + 320
400
200
L1
of 2 4 6 8 1\r
—2001-
0<r<10

To find the #-intercept, set y = 0 and solve for
. 0=-16> +128 +320 =
0=-16(t>-8-20)= 0= (t—10)(t +2) =
t =10 or t =-2. The graph does not apply if
t <0, so the #-intercept is 10. This represents

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

y =—16(0)? +128(0) + 320 = y = 320. This
represents the height of the building.

d _40,_ 2
d=3t-%

2

200

100~

I I | [
O 10 20 30 40 50 6§ 70 80 ¢

—100—

—200—

0<tr<60

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

2.2 C Exercises: Beyond the Basics

79.

y

80.

81.

82.

0 X

| N
N
VD

83. (y—-x)(y-2x)=0=y=xory=2x
y y=2x
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85. (y—x)(x2+y?—4H=0=y=xor 89. x>+y?—4x+2y-20=0=
xt+y?=4 x2—dx+y*+2y=20=
" X —4x+4+y2 42y +1=20+4+1=>
+ . (x=2)+(y+D>=25
T 3 ! So this is the graph of a circle with center
oy _%_ (2, -1) and radius 5. The area of this circle is
—— lei/ s 257, x> +y?—4x+2y-31=0=
x?—4x+y*+2y=31=
73 f—
L X2 —Ax+4+y2 42y +1=31+4+1=
- r (x-2%+(y+1)> =36
2 2 _ So, this is the graph of a circle with center
86. (y-x-D(x 2+ y 2_ 6x+8y+24)=0= (2, -1) and radius 6. The area of this circle is
y=x+lorx“+y” —6x+8y=-24= 367. Both circles have the same center, so the
x> —6x+9+ y2 +8y+16=-24+9+16= area of the region bounded by the two circles =
(x—3)2+(y+4)2=1 36 —-257=11x.
YS X2 +y2—4x+2y-31=0
L S
X24y2—4x+2y-20=0
87. x*-9y2=0= (x-3y)(x+3y)=0= 90.a. x>+y>+2x-2y+3=0=
y=—0ry:—ﬁ x2+2x+y2—2y=—3:>
3 3 CH2x+l+y2 -2y +1=3+1+1>
y
B S (x+D*+(y-D*=-1
y= ‘% 2 Y —% This looks like the equation of a circle;
L0 i = however the radius cannot be negative, so
=5 3 ~TO 3 5% there is no graph.
-2 2., .2 _
-3 b. x*+y"+2x-2y+2=0=
X 2x+y?-2y=2=
88. (y-—x-D(y-x")=0=y=x+lory=x> X4 2x+1+y? -2y +1=2+41+1=

e

x+D*+(y-1*=0
This looks like the equation of a circle;
however the radius is 0, so it is the graph of
the point (-1, 1).

y

3

l.Dg,

-3 -10 1 3 X
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c. x2+y2+2x—2y—7=O:>
X H2x+y?-2y=7=
X2+ 2x 414y 2y +1=T+1+1=
x+D?+(y-1>=9

This is the equation of a circle with center
(-1, 1) and radius 3.

2.2 Critical Thinking

91. The graph of y2 = 2x is the union of the graphs

of y=x/ﬂ and y=—x/2_.
y
3_

92. 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> isan example of a

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

93. False. Setting x = 0 and solving for y gives the
y-intercepts.

94. One equationis y=—(x+2)(x—-3).

95.a.
X
b.
X
c. y
5_
O
1_
[ LLo
-5 -3 -0 1 3 5%
_3—
_5_
d. y
5_
3_
b
L1 1Y 1
-5 -3 -1 N_AB 5%
_3_
_5_
Group Projects

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

d(A,B)=+(6-0)2+(@8-1)2 = /85 =
V85

r= T The center of the circle is

(6+0 1+8)_(32j
272 2)
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So the equation of the circle is 2.a. First find the radius of the circle:
2 _ 2 “m2 — .0
(x=3)* +(y —%J = % To find the x- d(A,B)= ‘/(10 D7+(T-0)7 =130 =
) 130 . .
intercepts, set y = 0, and solve for x: r= - The center of the circle is
2
9 85 81 85
(x-3)° +(0——j === (-3 = 10+1,M = E,z . So the equation
2 4 4 4 2 2 2’9
x?—6x+9=1= x> —6x+8=0. The x- of the circle is
. . . 2
intercepts are the roots of this equation. . E 2 oy z 2 ~ \/ﬁ To find
b. First find the radius of the circle: 2 2] 2 ’
d(A,B) = \/(a - 0)2 +(b- 1)2 = \/az +(b- 1)2 = the y-intercepts, set x = 0, and solve for y:
2 2 2
2 2 11 7 130 7 9
Ja +(b-1 -— -——| =— -——| ==
r:%. The center of the circle (0 2) +(y 2) 4 :>(y 2) 4:>
49 9 40
is a+0’b+1 _ g’b+1 So the y2_7y+T=Z=>y2_7y+T=0=>
2 2 22
equation of the circle is y2 — 7y +10=0. The y—intercepts are the
(x—gjz +( b+ 1)2 ~ a’+(b-1)2 roots of this equation.
2 Y 2 4 ' b. First find the radius of the circle:
;Fo find the x-intercepts, set y = 0 and solve d(A,B) = \/(a 12+ (h-0)2 = \/(a 124+ =
or x:
2 2 2 2 Ja-12+b?
(X_EJ +(0_ b+1j _at Und)) r :L. The center of the circle
2 2 4 2
) a2 (b+l)2_a2+(b—l)2 " a+1’b+0 _ a+1’2  So the
Xooat— -+ 4 4 2 2 2 2
4x* —dax+a® +b* +2b+1=a* +b* - 2b +1 equation of the circle is
2 _ 2 2 \2 2
4x* —4ax+4b =0 (x_a+1) +(y_gj _(a=D"+b"
¥ —ax+b=0 2 2 4
The x-intercepts are the roots of this find the y-intercepts, set x = 0 and solve for y:
equation. a+1\? b2 (a—1)% +b>
0- + —| =
c¢. a=3andb=1. Approximate the roots of the ( 2 ) (y 2) 4
equation by drawing a circle whose diameter (a+1) 2 5 b2 (a- D2 +b2
has endpoints A(0, 1) and B(3, 1). The center 4 +y b+ - 1
of the circle is (%,1) and the radius is % a’+2a+1+ 4y2 —4by +b?
=a’-2a+1+b*
4y? —4by+4a =0
y2 -by+a=0
The y-intercepts are the roots of this
equation.
2.3 Lines
p 2.3 A Exercises: Basic Skills and Concepts
Foox?-3x+1=0
7-3 4
1. = —— = —; the graph is rising.
MG T e ¢
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= —1; the graph is falling.

— = slope is undefined; the

2 m:%:%‘:—z;thegraphisfalling.
3 o3OS

-2-3 -5
4 oo IoCH

-3-(-3) O

graph is vertical.

-t =1 the graph is rising.

graph is rising.

S. m=—_3_(_2)=_
2-3 -1
6. m= —35-2 :i: —2.2; the graph is
3-05 25
falling.
5-1 4
=—————=—=4;the
(1+v2)-v2 1
g o W3-0 33
S (1443)-(1-43) 243 2
rising.
9a. {3 b.l, ¢ f, d. ¢

10. £, has slope 1; £, has slope 0; £5 has slope 2;

4
£ 4 has slope ~3

11.a. y=0 b. x=0
12.a. y=-4 b. x=5
13. y
y==—x+4 =
8-
6C
[ 7(0,4)
Ll LR
A—6—4—%§):2 4 6 8 10X
=
14. 1 Y
=——x+4 =
y=-o5% o

2
LIl

6
(—2,5) (0, 4)

/

—8-6-4-20
—2

-4
-6
-8

-10

N_
N=
=)}

/

TTTTTTTTTT T

3 ; the graph is

15. y—l=—%(x—2)=> y=-1l=—=x+3=

y =—§x+4
2 0, 4

-

—ww% | W
I

Ll
=6 —4 —2_90
-2
-3
—4

w
Ny .
o
=

T T T T

-6

16. y=§(x+l)=> y=§x+§

17. y+4=—§(x—5)=> y+4=—§x+3=>

3 y
yz—gx—l e
2
1

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

y

A

3

o

1_
L1 L1011
—3—2—17?_1 2 3 4 § x

72_

_3_

4 5. —4)¢
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19. m= 0—_; =—1. The y-intercept is (0, 1), so the 26. m= 3; (;7) = % = the slope is undefined. So
equationis y=—-x+1. the graph is a vertical line. The equation is
x=4.
20. m= % = 2. The y-intercept is (0, 1), so the 27. x=5
equationis y=2x+1. 28. y=15
- 29. y=0
21. m= 3 3 31 =0 Because the slope = 0, the line Y
o 3=GD o 30. x=0
is horizontal. Its equation is y = 3.
31. y=14
22, m= s Now write the equation in
. 2-(=5) 7 q 32, y=2x+5
point-slope form, and then solve for y to write 2
the equation in slope-intercept form. 33. y= 3 x—4
6 y—1 6
—_= = vy—1l=— + 5 = =
7 x—(-5) Y 7(x ) 34, y=—-06x-3
6 30 6 37 4-0 4
y-l=ox+—=y=_x+— 35. m= =—; y=—x+4
7 7 7 7 0-(=3) 3 Y
23. m= =D _ g Now write the equation in 36, m= -2-0 2 2 )
I-(=2) 3 . m_O—(—S)__g’ y=-gx-
point-slope form, and then solve for y to write
the equation in slope-intercept form. 37. y=7 38. x=4
§=y_((_21; y+1=§(x+2)=> 39. y=-5 40. x=-3
* 41. Two lines are parallel if their slopes are equal.
y+1= 2 X+ 4 =y= 2 X+ 1 The lines.are pe.rpendicular if the slope of one is
3 3 3 3 the negative reciprocal of the slope of the other.
-9-(-3) 6 . . 1-5 -4
24. m=—==—— . Now write the equation a m, =——=—="2=¢_1¢
6-(-1) 7 d 6=32{"7 21144
in point-slope form, and then solve for y to write 4-3 |
the equation in slope-intercept form. b. m, = 22~  The slope of £, is
2 5-7 2
6 -(=3) 6
Eh z_ = = y+3= —7()6 +h= neither equal to the slope of ¢, nor the
negative reciprocal of the slope of 7.
6 27
yt3=——x-——==y=——x——
7 7 7 7 4-3 1
C. m52=—=—:>€2Lf1
) 17 -2 2
4 4 _ 7 - ~ -
25. m =1 2.Nowwrltetheequatlon 2.a 4-=_2 3 2= y-35 y=15
0-- —- 2-(-1)
2 2
in point-slope form, and then solve for y to write 9-3 3
the equation in slope-intercept form. b. 4=— -1 =4xth=6=x+1= 2=

—Zz y_2:>y—2=—zx:>y=—zx+2
2 x-0 2 2
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43. x+2y—4=0=>2y=—x+4=>y=—%x+2.

44,

45.

The slope is —1/ 2, and the y-intercept is (0, 2).

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

x+2(0)-4=0=x=4.

x=3y—9=>x—9=3y=>%x—3=y.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.

3x—2y+6=0=>3x+6=2y=>%x+3=y.

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

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

3x-2(0)+6=0=3x=—6=>x=-2.
y

4/
3

/_

1_

L1 | !

I —
—4 -3 —1?1234)(

46. 2x=-4y+15=2x-15=-4y=

47.

48.

49.

—%x+$= y . 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=11/2.

Y
0

8
\i
2

-6 -4 -2

P

46 sy

[

-4

—6

x—=5=0= x=35. The slope is undefined, and
there is no y-intercept. The x-intercept is 5.

a4
3
-
1

2y+5=0= y:—g.The slope is 0, and the y-

intercept is —5/2 . This is a horizontal line, so

there is no x-intercept.
y

4
3.—
2
1

x =0. The slope is undefined, and the y-
intercepts are the y-axis. This is a vertical line
whose x-intercept is 0.
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YS g 56. Let the intercepts be (a, 0) and (0, —a). Then the
B equation of the line is 2221 Now
3 a a
1 B substitute x = -5 and y = -8 into the equation to
—5I l—; |—1?_i = ;x solve for a: —§+§:1:>—5+8:a:>3:a.
- a a
-r So the equation of the line is g—% ==
S x-y=3=>x-3=y.
50. y=0. The slope is 0, and the x-intercepts are —
Y . . p. . x. P 57. m= o-4 = 3 =1. The equation of the line
the x-axis. This is a horizontal line whose y- 7-2 5
intercept is 0. through (2, 4) and (7,9)is y—4=1(x-2)=
y5_ y = x+ 2. Check to see if (—1, 1) satisfies the
B equation by substituting x =—1 and y = 1:
T l1=-142=1=1. So (-1, 1) lies on the line.
1 —
,sl l,i l,:o : I L : L N 58. m:ﬂ:_—Szl. The equation of the line
-1 2 - 7 _5
73: 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 =5 and y = 1:
51. The slope of the line through (a, 0) and (0, b) is 1lin=e5 =5=1#0.50(5, 1) does not lie on the
b-0 b : , '
0—a  a The equation of the line can be 59. Both lines are vertical lines. The lines are
b parallel.
writtenas y—b=—-—x=ay—ab=-bx= . . . .
a 60. x =0 is the equation of the y-axis. y =0 is the
_ ay bx ab _y x equation of the x-axis. The lines are
dy‘f‘bx—db:}E'f'E—Eﬁ;‘F;—l perpendicular.
y 61. The slope of 2x+3y =7 is —2/3, while y=2
52. -+ EN ! is a horizontal line. The lines are neither parallel
nor perpendicular.
2x 3y 6
53. 2x+3y= 6=>?x+?y=g=>§+%=1; 62. The slope of y=3x+1 is 3. The slope of
x-intercept = 3; y-intercept = 2 6y+2x=0 is —1/3. The lines are
perpendicular.
54. 3x-4y+12=0=>3x-4y=-12=>
3x 4y -12 Xy 63. The slope of 10x+2y =3 is =5. The slope of
—_— == -4 ==1; . .
-12 -12 -12 4 3 y+1=-5x is also =5, so the lines are parallel.
x-intercept = —4; y-intercept = 3 . .
64. The slope of 4x+3y =1 is —4/3, while the
55. Let the intercepts be (a, 0) and (0, a). Then the

. X
equation of the line is —+ 2= 1. Now
a a

substitute x = 3 and y = -5 into the equation to

solve for a: é—221:>3—5:a:>—2:a. So
a a

the equation of the line is —% - % =l=

—X—y=2=>-x-2=y.

65.

66.

slope of 3+ y =2x is 2. The lines are neither
parallel nor perpendicular.

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

The slope of x=4y+8 is 1/4. The slope of

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

parallel, so they have the same slope. The
equation of the line through (1, 1) with slope
-lisy-l=-(x-D= y-1l=—x+1=
y=—x+2.

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

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

69. 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.

70. 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):

1
y=-=x.

71. 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

1
and y-intercept 4 is y = —gx +4.

72. 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 slope

2

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

2.3 B Exercises: Applying the Concepts

73. slope = @zi:i
run 40 10

74. 4 miles = 21,120 feet. slope = ——° =
ruan

2000 _ 25
21120 264

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

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

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

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

77.a. x = the number of hours worked per week;
y = the amount earned per week;
_J1x x<40
Y= {16.5x— 220 x> 40

To compute the salary when x > 40, use the
following steps: For 40 hours, Judy earns
40(11) = $440. The number of overtime
hours is x — 40. For those hours, she earns
(1.5)(11)(x = 40) = 16.5x — 660. So her total
wage is 440 + 16.50x — 660 = 16.5x — 220.

b. The slope is the hourly wage; the y-intercept
is the wage for 0 hours of work.

78.a. x = the number of months owed to pay off the
refrigerator; y = the amount owed;
y=-15x+600

b. The slope is the amount paid each month; the
y-intercept is the initial amount owed.

79.a. x = the number of rupees; y = the number of
dollars equal to x rupees; y = 44x

b. x = the number of dollars; y = the number of

1
rupees equal to x dollars; y = Hx

80.a. x = the number of years after 2004; y = the
life expectancy of a female born in the year
2004 +x; y=0.27x+82.3

b. The slope is the rate of increase in life
expectancy; the y-intercept is the life
expectancy in 2004.

81.a. x =the number of TV sets; y = the cost of
production for x TV sets; y =150x + 10,000
21,250-17,500 3750

75-50 25
Find the y-intercept by solving
17,500 =150(50) + b for b. The y-intercept =

10,000.

=150.

The slope =

b. The slope is the marginal cost per TV set; the
y-intercept is the fixed cost.
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82.a. x = the demand for a product; y = the price b. y
per unit when the demand is x; 6000 =
y=-0.1x+100 5000 -
The two points are (0, 100) and (1000, 0). p
100-0 1 g 0o
The slope = =——=-0.1. The y- 5
0-1000 10 g 3000
intercept is 100. § 2000 -
b. The slope is the rate of increase in the price; oo
the y-intercept is the price per unit when the
demand is 0. 0 5I 1|0 1|5 1
83.a. v=—1400(2) +14,000 = $11,200 Yearsafter 1993
c. The year 2000 is represented by t = 7. So
b. v =-1400(6) + 14,000 = $5600 y=215.8(7) + 2638 = y = 4148.6. Because
To find when the tractor will have no value, there cannot be a fraction of a person, round
set v = 0 and solve the equation for #: up to 4149.
0=-1400r+14,000= ¢ =10 .
d. The year 2008 is represented by ¢ = 15. So
84.a. The amount depreciated per year is y=215.8(15)+2638 = y =5875
3000/4 = $750 .
88.a. The two points are (100, 212) and (0, 32). So
b. V =-750¢+3000 -
the slope is 212-32 = 180 = 2 The
c. N 100-0 100 5
equation is
4000 9 9
2 3000 F-32=—(C-0)=>F==C+32
S 2000 5 5
1000 L b. One degree Celsius change in the
of 123 4 7 temperature equals 9/5 degrees change in
Years degrees Fahrenheit.
85. y=1.5x+1000 5
86.a. y=0.25x+30 e.| c |F=36+%
b. c
150 40°C 104°F
125 ° °
2 100 25°C 77°F
© 75 o o
. =5°C 23°F
» T Y Y Y Y B -10°C 14°F
0 100 200 300 400 x
Miles 9
d. 100°F==C+32= C=37.78°C
c. y=0.25(60)+30=$45 5
(e} 9 0,
d. 47.75=0.25x+30= x =71 miles NF=2C+32=C=3622°C
87.a. The points are (0, 2638) and (10, 4796). So 9

4796 — 2638

the slope is =215.8. The

equationis y—2638=215.8(-0) =
y=215.8r+2638

—10°F = §C+32 = C =-23.33°C

—20°F = %C +32= C =-28.89°C
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89.a.

90.a.

92. a.

e. 97.6°F= %C +32= C =34.44°C;

99.6°F = %C +32= C =37.56°C

f. Letx=°F="°C. Then x=%x+32:>

—%x:32:>x:—40.At—40°, °F="°C.

The two points are (4, 480) and (4.5, 400). So

the slope is 400~ 480 = _% =-160. The
4.5-4 0.5

equation is ¢ —480=-160(p —4) =

qg=-160p+1120.

g =-160(5)+1120 =320

The two points are (50, 70) and (60, 100). So

10070 = 30 = 3. The equation
60-50 10

is ¢g—100=3(p-60)= g=3p—80.

the slope is

b. ¢=3(62)-80=106

91. The change in the compound is 1 milligram in 2

years, so the slope is 0.5. Because the initial
amount is 7 mg, the y-intercept is 7. So, the
equation is y = 0.5x+7. The year 2010 is

represented by x = 8. In 2010, there will be
y=0.5(8)+7 = y =11 mg of the pollutant per

100 liters of water.

R =50x;C = 25x+75,000
P =50x-(25x+75,000) =
P =25x-75,000

P
25,000 [~

/

| |
0 1000 2000 00 x

—25,000

—50,000 [~

—75,000

—100,000 —

The slope is 25. It represents the rate of
increase in the profit per pair of shoes sold.

The y-intercept is —75,000. It represents the
loss if O pairs of shoes are sold. The x-
intercept is 3000. It represents the number of
shoes that need to be sold to break even.

93.a.

94.a.

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

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

y=23.1x+117.8

y
400
350
300
250
200
150
100

50

Y
0] 1234567 89101112%

=23.1. The

(10, 348.80)

T T TTTT

b. The slope represents the cost of producing

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

c. y=23.1(12)+117.8 = y = $395

C.

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

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

=0.18. The

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

95. The independent variable ¢ represents the

96.

97. 3=

number of years after 1990, with # =0
representing 1990. The two points are (0, 9.4)

11.2-94

and (9, 11.2). So the slope is =0.2.

The equationis p—-9.4=02(t-0)=
p =0.2t+9.4. The year 2010 is represented by
t=20. p=02(200+94= p=13.4%.

The two points are (0, 68.200) and (4, 73.215).
73.215-68.200 _ 5.015 _

4 o4
1.25375 . The equation is
¢ =1.25375t + 68.200.

So the slope is

2.3 C Exercises: Beyond the Basics

c-3

————=9=¢c-3=12=c¢
1-(=2)
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98. First write the equation in slope-intercept form: 102.a. LetA=(1,0.5), B=(2,0), C=(0.5,0.75).
3 2 0-0.5 0.75-0
3x—cy-2=0=—-cy=-3x+2=>y=—x—— = =-0.5; === ——-_05
e yEm Y=Y M= "B =052
Now solve for ¢ by setting the y-intercept from -
Y £ ) Y P 1 Myc = 075-05 =-0.5. The slopes of the
the equation equal to 4: ——=—-4=c=— 05-1 .
c 2 three segments are the same, so the points are
99.a. LetA=(0,1),B=(1,3),C=(-1,-1). collinear.
3-1 -1-3 -4 2
(e e e B b a8 =f1-27+(1-0) =ﬁ=ﬁ
-1 2 4 2
Myc = ——— =2 The slopes of the three 2 2
~1=-0 1 3
. dB,C)=,/|=-2| +|=-0
segments are the same, so the points are 2 4
collinear. B ﬁ 35
b. d(AB) =3-1)2+1-0)% =5 16 4
2 2
d(B,C)=(-1-3)> +(-1-1* =25 d(A.C) = 1_1) s 2_1)
2 4 2
d(A,C)=(-1-1D% +(-1-0)% =+5 Iy ERYA]
Because d(B, C) = d(A, B) + d(A, C), the 16 4
three points are collinear. Because d(B, C) = d(A, B) + d(A, C), the
100.a. LetA=(1,2),B=(-1,4),C=(2, 1), three points are collinear.
4-2 2—-(-D 4-1 3 8-4 2
=—=-1 = =-1 103.a. =—=—=; =—=—.
MaB = T T T MBe Ty R R T e ETE
i 12—21 — _1. The slopes of the three The product of the slopes = -1, so AB L BC.
segments are the same, so the points are b. d(A,B)= \/(—1 - 1)2 +(4- 1)2 = \/E
collinear. d(B,C):\/(S—(—l))2 +(8—4)2 :\/572
b. d(A,B)= \/(—1 —D2+@4-22 =22 d(A,C)=(5-D%+8-1?* =/65
d(B.C)=y2-(-1)? +(1-4* =32 (d(A,B))* +(d(B.C))* = (d(A.C)) . so the
d(A,C)=+2-D*+1-2)> =2 triangle is a right triangle.
Because d(B, C) =d(A, B) + d(A, C), the 2-(-1) 3 1-2 1
three points are collinear. 104. myp = =—iMpc=——""=—7=
1-(-4) 5 3-1 2
101.a. LetA=(1,2),B=(0,-3),C=(-1,-8). _—2-1_3 _2-(=D 1
-3-2 —8-(-3) B T A )
Mpp = =5mpc = =5 .
0-1 -1-0 So, AB||CD and BC || AD, and ABCD is a
Myc = % =5 The slopes of the three parallelogram.
segments are the same, so the points are 105. m,p = 24-9 — 15, Mep = 16-1 — 15
collinear. -2-(-10) 8’ 13-5 8
__ 1= _ 8
b. d(A.B)=y0-1>+(-3-2)> =26 M TS0y 15
d(B,C) = (-1-0)2 + (-8 — (-3))> =26 16-24 8

— 13—-(-2 15
dA.0) = (11" +(-8-2)" =226 AB| CD d(Aé BD . s0 ABDC'
Because d(A, C) = d(A, B) + d(B, C), the |CD and AC| BD , so na
three points are collinear. parallelogram. Furthermore, AB L AC and

CD 1 BD, so ABDC is a rectangle.
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d(A,B)= \/(—10— (-2))° +(24-9)% =17

d(A,C) = \/(5 —(-10))° +(1-9)* =17
So, ABDC is a square.

106.a. The midpoint of AB is (2 +2(‘1) ?j -
1,4 . The slope of AB is -3 :_z’ S0
2 -1-2 3

the slope of the perpendicular bisector is

1
3/2. The equation of the line through (E,4J

3 3 1
ithslope — is y—d4==|x—— |=
with slope —-is y 2(x 2)

3,48
YERTY

b. The midpoint of AB is (#,ﬂ). The

2

slope of AB is Z = —1, so the slope of the

a—
perpendicular bisector is 1. The equation of

the line through (a_—;b, ath

j with slope 1

is —M—l(x—a+b):> =x
y 2 > y=x

107. The equation of ¢, is y = mx+b; and the

108.

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, (xl, - (bl -b, )) and

(xz, y2 —(by —bz)) areon £,. So,

i = (b =by) = myx; +by = vy — by = myx; =
y1 = myx, +b,. However, (x,y;) lieson ¢ .

d(A,0)= 2+ (mlx)2 = ﬁxz + mlzxz.
d(B,0)= «/xz + (mzx)2 = ﬁxz + m22x2.
d(A,B) = (x—)c)2 +(m2x—m1x)2

= ﬂ(mzx - mlx)z .

=

109.

110.

Apply the Pythagorean theorem to obtain

2 2
( 21 _( /.2 2.2
myx—myx)” | =(yx"+mx
2 22\’
+( X +myx )

(myx— mlx)2 =x>+ m12x2 +x2+ m22x2
m22x2 - 2m1m2x2 + m12x2 =
X%+ m X +x+ m22x2
X2 (my —my)* = x*(m* +1) + x2(my* +1)
m22 = 2mymy + m12 = m12 + m22 +2
—2mymy =2 = mm, =-1
So, AAOB is aright triangle.
Let the quadrilateral ABCD be such that
AB = CD and AB || CD . Locate the points are
as shown in the figure. Because AB || CD , the

y-coordinates of C and D are equal. Because
AB = CD , the x-coordinates of the points are as
shown in the figure. The slope of AD is d/c.

The slope of BC is bd;ozi. So AD | BC.
C

d(A,D)=Vd?+c>.

d(B,C)=\/d2+((b+c)—b)2 =Jd?+¢c%. So
AD = BC.

+e—

3

D(c,d) C(b+c,d)

A(0, 0) B(b, 0) X

Let A(.xl N yl ), B(.X:z, yz), C(.X3, y3) and
D(x4,y,) be the vertices of the quadrilateral.
Then the midpoint M| of AB is

(xl"'xz Nty
2 b

(x2+x3 Yo+ )3

j ; the midpoint M, of BCis

2

XXy y3+ys
2 72

ADis(x1;x4,y1+y4j.

j ; the midpoint M5 of CD is

j ; and the midpoint M, of

2
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111.

The slope of M|M,

is y1+y2_y2+y3 x1+x2_x2+x3 _
2 2 2 2

A7V e slope of M,M is
X=X

y2+y3_y3+y4 xZ+X3_)C3+X4 _
2 2 2 2

22754 e slope of MM, is
Xy =Xy

Y3t+ys Nty X3t Xy Xtxy)_
2 2 2 2

Y3~V _DN17 V3

. The slope of M |M , is

X3 =X X T X3

()’1+)’2_)’1+y4) x1+x2_x1+x4):
2 2 2 2

2274 g0 MM, || M3M, and

)CZ_.X4

MM ||M M4, and M\M,M:M, is a
parallelogram.

Let (x, y) be the coordinates of point B. Then
d(AB)=12.5=/(x -2 +(y-2)2 =
(x=2)%+(y-2)? =156.25 and

mAB=§=—_ = 4(x-2)=3(y-2)=

4 2
y= gx -3 Substitute this into the first

equation and solve for x:

2
(x-2)2+ (Gx— %J— 2J =156.25

2
(x-2)2+ (ix —§) =156.25
373
W —axras 0,2 0 00 5605
9 9 9
9x2 —36x+36+16x> — 64x + 64 = 1406.25
25x2 —100x —1306.25=0
Solve this equation using the quadratic formula:
100+ \/1002 — 4(25)(—1306.25)
2(25)

_ 100+ /10,000 +130,625

50

_ 100+ /140,625 100%375

50 50
=950r —5.5

Now find y by substituting the x-values into the
y-=2

slope formula: 4 = =y=12 or

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

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

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

Then the line that passes through (x, y) and
(x1,y,) is perpendicular to the line that passes

through (x, y) and (x,,y,), and their slopes are

Y- __X7X

negative reciprocals. So =
X=X Yy=Xa
=Dy =y) ==(x=x)(x = x) =
(x=x)(x=x)+ (Y= yD(y—y,)=0.
2.3 Critical Thinking
113. LetA=(1,-1),B=(-2,5), C=(3,-5).
5—-(=1 -5-5
M = = —2, =—=—7
AB = 5T BC =372
M 4c = _53_ (1_1) = -2 . The slopes are the
same, so the points are collinear.
114. LetA=(-9,6), B= (-2, 14),C= (-1, -1).
__l4-6 8, _ -1-14 15
BT (9 77T 11— () ’

-1-6 7
Myo=———=——. MM - =—-1,50
AT 209 8 ABM ac

the triangle is a right triangle.

115.a. y
5

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

-5 -3 0
1

y=-2c-3\|
-3

y=—2r—_|
75._

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



Section 2.4 Relations and Functions 145

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

Section 2.4 Relations and Functions

2.4 A Exercises: Basic Skills and Concepts

1.
2.
3.

® N o2

10.

11.

12.

13.
14.

15.

16.

17.

Domain: {-2, 0, 2}; range: {0, 2}; function
Domain: {3, 4, 5, 6}; range: {1}; function

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

Domain: {4, 9}; range: {-3, -2, 2, 3}; nota
function

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

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

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

Domain: {-2, -1, 1, 3, 4};
range: {—4, -2, 1, 2, 4}; not a function

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

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

x+y=2= y=—x+2;afunction

x=y—-1= y=x+1; afunction

1 .
y =— a function
X

1 .
xy=—-l=>y= S ; a function

y= |x - 1| ; a function

18.

19.

20.

21.

22,

23.

24.

25.

26.
27.
29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

x2|)’|:>)’=xuy=—x;n0tafunction

1

y= ; a function
2x-=5
1 .
y= ; a function
X2 -1
2—y=3x= y=2-3x;afunction

3x—5y=15:>y=§x—3;afunction

x2+y:8:>y:—x2+8;afuncti0n
x:yzzy:\/;uy:— x ; not a function

X2+ y3 =5=y= J5-x? ; a function
x+ y3 =8= y=14/8-x ;afunction
(—oo, oo) 28. (—oo, oo)

The denominator is not defined for x = 9. The
domain is (—o0,9) U (9, 0)

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

The denominator is not defined for x = -1 or
x = 1. The domain is (—eo,—1) U (—-1,1) U (1,0)

The denominator is not defined for x = -2 or
x =2. The domain is (—eo,—2) U (-2,2) U (2,0)

The numerator is not defined for x < 3, and the
denominator is not defined for x = 2. The
domain is [3,c0)

The numerator is not defined for x < -3, and the
denominator is not defined for x = 1. The
domain is [-3,1) U (1,)

The denominator is not defined for x > 4. The
domain is (—eo,4)

The denominator is not defined for x > 2. The
domain is (—o,2)

The denominator = 0 if x = -1 or x =-2. The
domain is (—oo,-2) U (=2,—-1) U (=1,00) .

The denominator = 0 if x = -2 or x = -3. The
domain is (—eo,—-3) U (-3,-2) U (-2,0) .
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39.

40.

41.

42,

43.

44.

45.
46.
47.
48.

49.

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

The denominator is defined for all values of x.
The domain is (—eo,00) .

y ' A function

/

4

Not a function

A function

™
\

<

Not a function

d
N

f@=5f0)=Tf-D=Lf(-4=-2
8(=2)=5gH)=-4g3)=0;g(4 =5
h(=2) = =5;h(=1) = 4;h(0) = 3; h(1) = 4
FED=470)=0;f)=-4

F0)=02=30)+1=1;g(0) = —==

Jo
¢(0) is undefined; h(0) =2 -0 = /2;
fla@)=a*>-3a+1; f(=x) = (—x)> =3(-x)+1=

2 +3x+1

50.

51.

52.

53.a.

54.a.

F=12 =31 +1=—1; g(1) = —

J1
h(1) =21 =1;g(a>=%;
a
2 2
gt ===
Ji2

fED)=(D)? =3(=1) +1=5;

= g(-1) is undefined;

2
g(—l):ﬁ

h(-1) =2 (1) =3;h(c) =2 - ¢;
h(=x)=+2—-(—x) =~2+x

=47 =3(4)+1=5:g(4) = —==1

N/
h(4) =2 -4 =+/-2 = h(4) is undefined;
2
2+k)= ;
8(2+k) \/m

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

f0)= =0
V4-0?
f()= 2 _2 &
Ja-i2 33
22) 4 . .
f(2)=—F—===—= f(2) is undefined
Va-22 0
2-2) 4 ,
f()=m———==—= f(D)is
Ja-(=2* 0
undefined
flem=) o

\/4—(—)6)2 ) \/4—)62
2(0) = 2(0) +V0? —4 = g(0) is undefined
g=2)+ V-4 = g (1) is undefined

g(2)=2(2)+V22-4=4

(-3 =23)+(-3)>—4=—6+5
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55.a.

57.a.

58.a.

59.a.

60.a.

g(=x) = 2(=x) +y/(-x)* — 4 b.

=—2x+m
fx+h)y=x+h
fx+h)—f(x)=x+h—x=h c.
f(x+h)=3(x+h)+2=3x+3h+2 b.

f(x+h)— f(x)=3x+3h+2-(Bx+2)=3h

f(x+h)— f(x)=3x+6xh—2x+3h>
—2h+5-(3x> -2x+5)
= 6xh +3h> - 2h

fG+h) = f(x) _ 6xh+ 312 -2h
h

h
=6x+3h-2
f(x+h)=4
Sx+h)—f(x)=4-4=0

fath)=f() _0

c. , h=0
St = f@) _3h_,

h =T 62.a. f(x+h)=-3
fx+h)=(x+h)?=x>+2xh+h> b. f(x+h)-f(x)=-3-(-3)=0
F+h) = f(x)=x2+2xh+h? —x2 . MZ%ZO

=2xh+ h?
1

- 2 63.a. +h)y=——
f(x+h2 f() _2xhth” a f+h=—-0

b N 11
fx+h)=(x+h)? = (x+h) RS S e A
=x>+2xh+h>—x—h _ X B x+h
=x2+2xh—-x+h*—h x(x+h) x(x+h)
h
f(x +2h)_ f(x) s s x(x+h)
=x"+2xh—x+h"—h—(x"—Xx)
=2xh+h>—h __h
) c SG+h)—f(x)  x(x+h) 1
f(x+h)—f(x):2xh+h _h:2x+h—1 ) h h x(x+h)
h h
1
Flx+h)=2x+h)? +3(x+h) 6da. flx+h)=-——
=2x% +4xh+2h> +3x+3h . |
=2x% + 4xh+3x+2h* +3h b. f(x+h)—f(x)=———(——)
x+h X
fOeth) = f(x) _x x+h
=2x% +4xh+3x+2h% +3h—(2x> +3x) x(x+h)  x(x+h)
= 4xh +2h2 +3h __h
x(x+h)
fx+h)—f(x)  4xh+2h*+3h
h - I h
=4x+2h+3 fa+th)—f) _ x(x+h) 1
5 h h x(x+h)
Fx+h)=3(x+h)?>-2(x+h)+5
=3x2 +6xh+3h> -2x-2h+5 65. h(x)=17, so solve the equation 7 = x> — x+1.

=3x2 +6xh—2x+3h>-2h+5

x?—x-6=0= (x-3)(x+2)=0= x=-2 or
x=3.
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66. H()C)=7,SO solve the equation 7=x2+x+8. d. 4")(:—"_2'0’000=4.5ﬁ4)6_’_20’000=4'5)(:=>
X
1+.1=
W2 xa1=0m y= NI 40D V;a;‘(l)(l) = 20,000 = 0.5 = x = 40,000
1+/3 79.a. p(5)=1275-25(5)=1150. If 5000 TVs can
= _T = there is no real solution. 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.
2.4 B Exercises: Applying the Concepts p(30) =1275 - 25(30) = 525. 1£ 30,000 TV
67. a function, because there is only one high can be sold, the price per TV is $525.
temperature per day. b. P
68. a function because there is only one cost of a 1200 ANGQ- 1130
first-class stamp on January 1 each year. 1000 1~
69. not a function because there are several states 8001
that begin with N (i.e., New York, New Jersey, 600 =
New Mexico, Nevada, North Carolina, North 400 — (30,525)
Dakota); there are also several states that begin 200~
with T and S. [ IR N N
0] 5 10 15 20 25 30 «x
70. not a function because people with the same
name may have the same birthday. ¢. 650=1275-25x= —625=-25x= x =25
71. a function because there is only one winner in 80.a. R(x)=(1275-25x)x=1275x— 2552
each year. domain [0, 30]
72. not a function because New England won three »
times. b. R(1)=1275(1) -25(17) =1250
) R(5) =1275(5) - 25(5%) = 5750
73. A(x)=x";A(4)=16; A(4) represents the area R(10) = 1275(10) — 25(10%) = 10, 250
of a tile with side 4. )
R(15) =1275(15) — 25(157) = 13,500
74. V(x)=x>V(3)=27in; V(3) represents the R(20) =1275(20) — 25(20%) = 15,500
volume of a cube with edge 3. R(25) =1275(25) - 25(252) =16,250
— _ A
75. Ttis a function. S(x) = 6x2;S(3) = 54 R(30) =1275(30) ~25(307) =15,750
This is the amount of revenue for the given
X number of TVs sold.
76. f(x)=———;/f(59)=1.5 meters
39.37 c. R (25, 16,250)
2 18000 K00 15 500) 3015750
77.a.  C(x)=210x+10,500 E leo00r e
é 12,000 | (15, 13,500)
b. C(50)=210(50)+10,500 = $21,000 § 108,888 [ /e
c. average cost = $21,000/50 = $420 g procdif ACRLD)
& 2000 (1. 1250)
210x+10,500 _ 0] 51015202530
d. X =315 Number of TVs solfi
210x +10,500 = 315x (thousands)
10,500 =105x = x =100 d. 4700=1275x—25x" = x> —=51x+188 =0 =

78.a. C(x)=4x+20,000

b. C(12,000) = 4(12,000) + 20,000 = $68,000

c. average cost = 68,000/12,000 = $5.67

51++/51% — 4(1)(188)
2(1)
47 is not in the domain, so 4000 TV's must be

sold in order to generate revenue of 4.7
million dollars.

=x=>x=4orx=47
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81.a.

82.a.

83.a.

84.a.

C(x)=5.5x+75,000
R(x)=0.6(15)x =9x

P(x) = R(x) - C(x) = 9x — (5.5x + 75,000)
=3.5x— 75,000

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

P(46,000) = 3.5(46,000) — 75,000
= $86,000

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, round up to 111,112.

P(x) = R(x) - C(x)
750,000 = 5x — (0.5x + 500,000)
1,250,000 = 4.5x = x=2717,778

The domain is [0, 8].

h(2) =128(2) —16(2%) =192
h(4) =128(4) — 16(4%) = 256
h(6) =128(6)—16(67) =192

0=128/-16t> = 0=16t8—1) =
t=0ut=_8. It will take 8 seconds for the
stone to hit the ground.

h
300 (e = 1281 — 16¢2
250
200 —

150 —
100 —
50

I ) I I A |
0] 1 2 3 45 6 78 ¢

average rate of change =

121.8-111.1 — 535

average rate of change = % =6.54
Based on (a), 111.1 + 5.35 = 116.45 thousand
=$116,450. Based on (b) 111.1+ 6.54 =
117.64 thousand = $117,640

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

the drug. After 8 hours, there are

86.

(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

Day Maximum Concentration
1 (0.8)(500) = 400 mg
2 | (0.25)(400) + (0.8)(500) = 500 mg
3 (0.25)(500) + (0.8)(500) = 525 mg
4 | (0.25)(525) + (0.8)(500) = 531.25 mg
5 (0.25)(531.25) + (0.8)(500) = 532.81 mg
6 | (0.25)(532.81) + (0.8)(500) = 533.20 mg
7 | (0.25)(533.20) + (0.8)(500) = 533.30 mg
8 | (0.25)(533.30) + (0.8)(500) = 533.30 mg
9 | (0.25)(533.30) + (0.8)(500) = 533.30 mg
10 | (0.25)(533.30) + (0.8)(500) = 533.30 mg

540
520
500
480
460
440
420
400

YT T T T T T TT

4

0

I
2345678910 x

[ ]
|
1

2.4 C Exercises: Beyond the Basics

87.a.

f=)x b f(x)=0

fl=x"

F(x)=+—x? (Note: the point is the origin.)
f=1

f. A vertical line is not a function.

88.a.

f(x) # g(x) because the domain of fis

[0,20) while the domain of g is (—oo, ).
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89.

90.

91.

92,

93.

9.

9s.

96.

97.

98.

b. f(x)=g(x) because (3’/;)3 = x for every

real number x.
3 3
3x-5y=15= y=§x—3=>f(x)=§x_3
Domain: (—oe,e0); f(4) =—3/5.

x=L=>xy—x=y=>—x=y—xy=>

y=1

X X
—x=y(l-x)= - =y=-——=y=
1-x x—1

fx) = il; Domain: (—so, 1)U (1, ).
.
f4)=4/3.
2
x=—4:>xy—4x=2:>xy=2+4x:>
e

dx+2 dx+2

y= = f(x)= ; Domain:
(=o0,0) U (0,0). £ (4) = 9/2.

xy=3=2y=2y-xy=-3=

3
Y2-x)=-3=y=—o——= f)=—1

Domain: (—o0,2) U (2,00). f (4) =3/2.

2—x

x> +1

(x2+1)y+x=2:>y= =

f(@:%; Domain: (—eo,00); f(4) = -2/17.
x“+1
w2 —Jx=2y= wr+2y=Jx=

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

= f()=—
Domain: [0,e0); f(4)=1/9.

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

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

f(x) # g(x) because they have different
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

f(x) is not defined for x =3 or x =-2.

x2+2 x“+2

99.

100

101.

102.

103.

104.

105.

106.

107.

f(x)=g(x) because
x2-4 _(x=2)(x+2)

x=2 x=2
in the given domain.

=x+2 and x =2 is not

f(x)=g(x) because

x-2 x—2 _
W2 —6x+8 (x=2)(x—4) x—4
is not in the given domain.

andx=2

f(2)=15=a(2®>)+2a-3=15=6a-3=
a=3.

g(6)=28=6>+6b+b> =b>+6b+8=0=
b-2)b-4)=0=b=2ub=4.

36)+2a _
26)-b

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

3(3) +2(-9)
23)-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

1 1 1 1 2
(x)zxz——:> (—):———:——x
8 2 8 212
x2
g(x)'*‘g(—j: XZ—L)+(L—)C2 =0
X x2 )c2
x—1
x—1 x—1 1_1
fo)= =>f( j=“
x+1 x+1 x—1
+1
x+1
- ox+l 2 _ 1
G-D+Gx+D  2x o«
x+1
x+3 Z+5);+3
_ _ X =
fO=3 5770 (3+5x)
4 -5
4x -1
(B+5x)+3(4x-1)
— 4x—1
(12+20x)—(5(4x-1))
4x—-1

_ G+50+(12x-3) _ 17x _
(12+20x) - (20x+5) 17
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2.4 Critical Thinking

108. Answers may vary. Sample answers are given

a. Jx—2 b. !
c.

N2—x d. !

109.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).

2.5 A Library of Functions
2.5 A Exercises: Basic Skills and Concepts

In exercises 1-10, 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.

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

m=""L 1 1ci0+p= b=,
Z1-0
f(x)=x+1

3. The two points are (-1, 1) and (2, 7).
m=—"L _2 0=1+bob=-1.
2-(-1

f(x)=2x+3

.__
N -
W =
Ny
D
=

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

el G YD SR S Y
2-(-1)
f(x)=3x-2. Y

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

m=ﬁ=—3. 1=-3D)+b=>b=4.
f(x)=-3x+4. y7_
6_
s
3
2_
1_
L1111 N1 1 1 |
—S—43-2-10 1\2 3 4 5%
_2_
73_

6. The two points are (1, —1) and (3, 5).

m=5;(10=3.—1=xn+b:¢b=—4
f(x)=3x-4. );_
2
1_
I I I | 7 A |
*5*47372717?_ 2 3 4 5%x

|1
IS
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7. The two points are (-2, 2) and (2, 4).

m=—72 1 4y Loy ippas,
2-(2) 22
I
=—x+3.
f(x) 2%

8. The two points are (2, 2) and (4, 5).
m=2"2_3 2:3(2)+b:>b=—1.
4-2 2 2
3
==—x-1
f(x) 7%
[
23 4 5%

9. The two points are (0, —1) and (3, -3).
e S3-)_ 2

3-0 3

—1=—§(0)+b=>b=—1.

f(x)z—%x—l.

10. The two points are (1, 1/4) and (4, -2).
mo2TVA_Z9/4_ 3
4-1 3 4

—2=—%(4)+b=>b=1.

f(x)=—%x+1.

11.a. Domain: [-2, 6]; range: [-3, 2]

b. To find the intercepts, first determine the
equation of the line containing (-2, —3) and

2-(3)_5

2,2): m= (2 =71

5 1 5 1
2=2(2)+b=> ——=b. e
4() 5 J () 1573

Set f(x)=0 and solve for x to find the x-

intercept: ix—l: O0=x :g. The x-
4 2 5

. .2 . .1
intercept is 3 and the y-intercept is ——.

c. f(x) isincreasing on (-2, 2); f(x) is
constant on (2, 6).

d. f(x) even= f(—x)=f(x). f(2)=2
# f(-2)=-3,s0 f(x) isnoteven. f(x)
odd= f(-x)=—f(x). f(-2)=-3
#—-f(2)=-2,s0 f(x) is not odd.
12.a. Domain: [-3, 0) U (0, 3]; range: {-1, 1}

b. There is no x-intercept. There is no y-
intercept.

¢. f(x) is constant on (-3, 0) and (0, 3).
d. f(x) even= f(—x)=f(x). f(3)=1
# f(=3)=-1,s0 f(x) isnoteven. f(x)
odd= f(-x)=-f(x). f(=3)=-1
=—f@B3)=-1,s0 f(x) is odd.
13.a. Domain: [-2, 4]; range: [-1, 2]

b. The x-intercepts are —2 and 0. The y-intercept
is 0.

¢. f(x) is decreasing on (-2, —1) and (2, 4);

f(x) is increasing on (-1, 2).
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d. f(x) even= f(-x)=f(x). f(2)=2 b. The x-intercept is 1.5. There is no y-intercept.
# f(-2)=0,s0 f(x) isnoteven. f(x) ¢. f(x) isincreasing on (0,<°) .

odd = f(-x)=-f(x). f(=2)=0

d. —x) = . f1.5=0
#—f(2)=-2,s0 f(x) is not odd. ) even= f(=x)=7(x). J5)

# f(=1.5),s0 f(x) isnoteven. f(x) odd
14.a. Domain: [—3, 5], range: [—2, 3] = f(—X) — —f(X). f(-lS) is not defined,
b. The x-intercept is 0. The y-intercept is O. so f(x) is not odd.

¢. f(x) isincreasing on (-3, 5). 19.0. f()=2,f2)=2;f(3)=3
d. f(x) even= f(-x)=f(x). f(5)=3 b.
# f(=5) which is undefined, , so f(x) is not
even. f(x) odd = f(—x)=-f(x).

By the same reasoning f(-5) is undefined
while —f(5)=-3. So f(x) is not odd.

~<
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15.a. Domain: (0,) ; range: (0,o)

—o — p W s Lo

|
Py
|
w
|
[ 8]
|
=

b. There is no x-intercept nor is there a y-

intercept.

20.a. -D=-2;2g(0)=0;g(H)=1
¢. f(x) is decreasing on (0,<°) . 8 8O s®

b. y
d. Because the function is defined for only ‘3‘:
positive values, f(x)# f(—x) and AL
—f(x) # f(—=x). The function is neither even L i1y A
nor odd. —5—4-3-2-10 1234 5%
16.a. Domain: (—o0,3) U (3,0) ; range: _z:
(=22,3) U (3,00) 4
75 —
b. The x-intercept is 2. The y-intercept is 2. —6r-
c. f(x) is decreasing on (—o,3) U (3,0). 2l.a. f(-15)=-1;f12) =1
d. f(x) even= f(-x)=f(x). f(2)=0 b. 3
# f(=2)=2.5,s0 f(x) isnoteven. f(x) 3
2 —
odd= f(-x)=—f(x). f(-2)=2.5 1
#—f(2)=0,s0 f(x) isnot odd. L L
-3 2 -1 0 1 2 3 «x
17.a. Domain: (—oo,0) ; range: (0,c0) D E—
b. There is no x-intercept. The y-intercept is 1. r
_3 f—
¢. f(x) isincreasing on (—oo,c0) .

d. F(x) even= f(—x)= F(x). f(O)=1 ¢. Domain: (—0,0) U (0,0); range: {—1,1}

# f(=1),s0 f(x) isnoteven. f(x) odd = 22.a. g(-3)=20;¢(1)=4;¢(3)=10
fE)==f0). f(-D=08#-f(1)=0,
so f(x) is not odd.

18.a. Domain: (0,) ; range: (—oo,0)
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. i0 38. g(-x)=—— (x) is odd
B . g(-x)= =- = g(x) is odd.
or § 02+l 2+1 8
8_
ds 3 3
(—x) X
61 39. f(—x)= =- =—f(x)=
sr ! (02 +1  x*+1 !
2: f(x) is odd.
N4 4
IR A 40. g(-x)= ();)+3 :x3+3x
—5-4-3-2—1 123 45%x 2(=x)" =3(-x) —2x°+3x
4
c. Domain: (—co,c0) ; range: [2,<°) = _x3—+3x =—f(x)= f(x)is odd.
2x” =3x
23. f(x) isconstanton (—oo,0).
a1 _ (—)c)2 —2(—x) ¥ +2x
24. f(x) isconstant on (—oo,c0). - JEn=

25.
26.
27.

28.

f(x) is increasing on (—oo,o0) .
f(x) is decreasing on (—oo,0) .

f(x) is decreasing on (—e<,0) and increasing
on (0,00) .

f(x) is decreasing on (—oo,00) .

For exercises 29-42, f(-x)= f(x)= f(x)iseven
and f(—x)=—-f(x)= f(x)is odd.

For exercises 29-32, use the function values given in
the table to determine if the function is even, odd, or

neither.

29. even 30. neither

31. neither 32. odd

33, f(-0)=2-0*+4=2x*+4= f(0)>

34.

35.

36.

37.

f(x) is even.

f=x)=3(-0*-5=3x*-5=f(x) =
f(x) is even.

F(=x)=5(=x) =3(=x) = =5x> +3x
=52 =30 =—f(0)=>
f(x) is odd.

F(=x)=2(-x)> +4(-x) = -2x° —4x
=2 +dx) =—f(0) =
f(x) is odd.

1 1
/¢ X)_(—x)2+4_x2+

f(x) is even.

4=f(x):>

42,

43.a.

b.

44.a.

45.a.

5(-x)* +4(-02+7 Sxt+4axi+7
#—f(x)# f(x)= f(x) is neither even
nor odd.

~ 0% +7
#(=x)= 3—x)* +16(-x)2 +9
_ x2+7

3t 4 16x% +9
g(x) is even.

=gx)=

f(2x)=3-22x)=3-4x
2f(x)=2(3-2x)=6—-4x
f(=x)=3-2(-x)=3+2x

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

ORSOES
X X X
11

f(x) 3-2x

F(2x)=52x)+1=10x+1
2f(x)=25x+1)=10x+2
f(=x)=5(-x)+1=1-5x

—f(x)=—0Gx+D)=-5x-1

f(lj:S(le:iH
X X X

11
f(x) S5x+1

F(2x) = (2x)% =2(2x) = 4x> —4x

2f(x)=2(x*—2x)=2x% —4x
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46.a.

47.a.

48.a.

f=x)=(=x)2=2(-x)= x> +2x
—f(x)= —(x2 - 2x) =2x— x>

)22

1 _ 1
f(x)  x*-2x

f(2x) =2x—4(2x%) = 2x —16x>
2f(x)=2(x—4x>)2x—8x>
f(=x)=—x—4(-x)* = —x — 4x>
—f(x) = ~(x—4x?) = 4x* — x
RSO

S S
f(x) x—4x?

F2x)=1-(2x)° =1-8x°
2f(x)=2(1-xH=2-2x3
f=x)=1-(-x)> =1+
—f)=—(1-x)=x"-1
Ao -5

1 _ 1
fx 1-x°

F(2x)=(2x)° +2x=8x> +2x
2F(x)=2(x+x)=2x> +2x
fE =0+ (0=-2 —x

—f(x)z—(x3+x)=—x3—x

v
fx) x3+x

49.a.

50.a.

f2n=— b 2f(0)=>
2x X
1 1
flex) == d —fr)=—t
X X
1 1 1 1
f(Ej_T_x TR
X X
1 2
fQx)=—— b. 2£(0)=";
[24 ]
fen=r=t A —f =
= [ |
1 1 1 1
f(Zj_T Mot M
x ]

2.5 B Exercises: Applying the Concepts

51.a.

52.a.

53.a.

fx)= ﬁ; domain: [0,<0); range:

[0, ).
f3)= i =0.0887 . This means that 3 oz
33.81
=0.0887 liters.
F(12) = —2_ 20,3549 liters
3381 '

B(0)=-1.8(0)+ 212 = 212. The y-intercept
is 212. This means that water boils at 212°F
atsealevel. 0=—-1.82+212= h=117.78.
The h-intercept is 117.78. This means that
water boils at 0°F at 117,780 feet above sea
level.

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

98.6 =—1.8h+212 = h=63. Water boils at
98.6°F at 63,000 feet. It is dangerous because
98.6°F is the temperature of human blood.

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=%d+1=>d =-33. dcan’t

be negative, so there is no d-intercept.
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1 100 - 40
b. P0O)=1P10)=—00)+1=1.3; 59. The rate of change (slope) is =—
(V) ()33() ge (slope) 20-80
P(33) = 1 (33)+1=2; Use Fhe point (20, 100) to find the equation of
33 the line: 100 =—-20+b = b =120. The equation
P(IOO) — L(IOO) +1=4.03. of the line is y=—Xx+ 120. Now solve
33 50 = —x+120 = x = 70.
1 2
C. 5=§d+l:>d=132 feet 60.a. yZE(S)(60)=24 mg
54.a. V(90) =1055+1.1(90) = 1154 ft/sec 2
b. 60=—(60)a = a =12.5 years old
b. 1100=1055+1.1T = T = 40.91°F 25
55.a. C(x)=50x+6000 61.a. The rate of change (slope) is 20230 _ i
420-150 27
b. The y-intercept is the fixed cost. The equation of the line is
C
2 2
6300 -30=—(x-150) = y =—(x—150) + 30.
6250 - Y 7T PO= =y (=0
6200 -
6150 - 2 121
6100 b. y:—(350—150)+30:>y=—0
6050 |— 27 27
6000
WO 2 3
T R R - c. 45=E(x—150)+30=>x=352.5mg/m
c¢. 11,500=50x+6000=110 1
62.a. The rate of ch is —. The y-int ti
56.a. The rate of change (slope) is 100. Find the y- a ¢ rafe of change 15 3 © yrnferceptis
intercept by using the point (10, 750): 47 o 1 47
750 =100(10) + b = b = —250. The equation 17 > S0 the equationiis y = [(§) = =S5+ =
is f(p)=100p —250. | .
b. L@4)==-(4)+-—=525in.
b.  £(15) = 100(15) - 250 = 1250 units. @=3®+5 n
c. 1750=100p -250= p = $20. ¢ ﬂ=lx+4—7=>xz7
10 37 12
57.a. R=900-30x
63.a. T
b. R(6)=900-30(6) =$720 5000 —
4000 —
c. 600=900-30x = x =10 days after the first 3000
of the month. 2000 1
58.a. Let =0 represent the year 2002. The rate of 1000 [~
_ [ R B
change (slope) is 11501120 5 1120 _ 15. The y- 20,000 40,000 60,000 x
intercept is 1120, so the equation is b. (i) 7(12,000) = 0.04(12,000) = $480
() =15t +1120. (i) 7(20,000) =800 + 0.06(20, 000)
=$2000
b.  f(8)=15(8)+1120 =1240 (iii) 7(50,000) = 800 + 0.06(50,000)
=$3800

1300 =15t +1120 = ¢t =12. 2002 + 12 =
2014.

(i) 600=0.04x = x=$15,000
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64.a.

(i) 1200 = 0.04x = x =$30,000 , which is
outside of the domain. Try
1200 = 800+ 0.06x = x = $6667 , which is

also outside of the domain. So, $1200 is not
possible as a tax liability.
(iii) 2300 =800+ 0.06x = x = $25,000

If 7300 < x 29,700, f(x) =730+ 0.15(x — 7300) = 0.15x — 365

If 29,700 < x < 71,950, f(x) = 4090+ 0.25(x — 29,700) = 0.25x — 3335

If 71,950 < x 150,150, f(x) =14,652.50 + 0.28(x — 71,950) = 0.28x — 5493.5
If 150,150 < x £326,450, f (x) = 36,548.50 + 0.33(x —150,150) = 0.33x - 13,001
If 326,450 > x, f(x) =94,727.50 + 0.35(x — 326,450) = 0.35x — 19,530

Write the equation as:
0.1x

0.15x - 365
0.25x—3335
0.28x—5493.50
0.33x-13,001
0.35x-19,530

flo)=

if 0 <x <7300

if 7300 < x 29,700

if 29,700 < x < 71,950
if 71,950 < x <150,150
if 150,150 < x < 326,450
if x > 326,450

(i) f(35,000)=0.25(35,000) - 3335
=$5415
(i) £(100,000) = 0.28(100,000) — 5493.50
=$22,506.50
(iii) f(500,000) = 0.35(500,000) - 19,530
=$155,470

2.5 C Exercises: Beyond the Basics

65.a. (i) f(=2)=3(-2)+5=-1

66.a.

(i) f(-D=2(-D+1=-1
(iii) f(3)=2-3=-1

Try the first rule: 2 =3x+5= x=-1, which
is not in the domain for that rule. Now try the

secondrule: 2=2x+1= x= %, which is in

the domain for that rule.

—_
D=
=

@ g(=2)=3

1 1 3
i «3)=3(3)---3

(iii) g(0)=3(0)-3=-3
(iv) g(-D=-6(-1)-3=3

67.a.

(i) 3500=0.15x—-365= x =$25,766.67

(ii) 12,700 =0.25x—3335 = $64,140

(iii) 35,000 = 0.28x—5493.50 =
x=3$144,619.64

@) 0=—6x—3:>x:—% or
0=3x-3=>x=1

(ii) 2g(x)+3=0
2(=6x-3)+3=0

—12x—6+3=0=>x=—% or
2(3x-3)+3=0

6x—6+3:O:>x:%

T T T 1

Domain: (—ee,0) ; range: [0,1)

The function is increasing on (n, n + 1) for
every integer n.

f=x)==x—[x]#-f(x)# f(x), so the

function is neither even nor odd.
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68.a. Domain: (—o,0)U[l,e0) ; range:

150 if x <100
{ 1 ] } 73.a. Clx)= {0.2[[x - 99]] +150 ifx>100
—:n# 0,n an integer
" b. c
b. The function is constant on (n, n + 1) for 190

. 180
every nonzero integer n. 170

1 160
c. f(=x)=——==#—-f(x)# f(x), sothe

H_x]] 150

function is neither even nor odd.

Cost

50 100 150 200 250 300 x

Miles driven
69. |f(x)—f(—x)|=m—|:—x|=M+M c. 190=0.2]x-99]+150
SR R 40=0.2[x-99] = 200 =[x - 99] =
:{|1+1| ) x =300 miles
-1+ (-D)|

70.a. (i) WCI(2)=40
(i) WCI(16)=91.4+(91.4 - 40)e

(0.0203(16) — 0.304/16 — 0.474)
=21.23

(iii) WCI(50) =1.6(40)—55=9

Section 2.6 Transformations of Functions
2.6 A Exercises: Basic Skills and Concepts

1.a. The graph of g is the graph of f shifted two
units up. The graph of /4 is the graph of f

shifted one unit down.
b. (i) -58=914+091.4-T)«

(0.0203(36) — 0.304+/36 — 0.474 b.
58 =914+ (91.4—T)(~1.5672)
58 =91.4—143.24+1.56872T
58 =—51.84+1.56872T = T ~ —4°F
(i) —10=1.6T —55= T =~ 28°F

- N W A n'E
T T
o
&

2.5 Critical Thinking -1

71.a. C(x)= 24(f(x) - 1) +39
¢. g(x): domain: [0,°), range: [2,0)

b. % h(x): domain: [0,e0), range: [—1,o0)
1.35— o—e
Lk 2.a. The graph of g is the graph of f shifted one
= unit up. The graph of 4 is the graph of f
z 087 o—e shifted two units down.
“ o6f o—e b. y
7
0.39—e 6
[ I N o
1 2 3 4 5 X 4
Weight (0z) 3
2
¢. Domain: (0,e0) ; range: L | 1
{24n+39: n a nonnegative integer} -5 -3 %_
-2
72. C(x)=2[[x]]+4 -3

¢. g(x): domain: (—oo,c0), range: [, o)

h(x): domain: (—ee,0) , range: [—2,0)

3.a. 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.
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6.a.

g(x)

g(x): domain: (—oo,0) , range: [0, o)
h(x): domain: (—eo,c0) , range: [0,o)
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.

g(x): domain: (—oo,—2) U (=2,00), range:
(=22,0) U (0,20)

h(x): domain: (—ee,3) U (3,%0), range:
(=22,0) U (0,20)

The graph of g is the graph of freflected

across the x-axis. The graph of 4 is the graph
of freflected across the y-axis.

Y

I

g(x): domain: [0,e0), range: (—oe,0]
h(x): domain: (—eo,0], range: [0,o0)
The graph of g is the graph of freflected

across the x-axis. The graph of 4 is the same
as the graph of f.

y
sk
3
) = h(x)
1_

[ I I
-5 -3 - 3 05X
y
3k 8(x)

75_

g(x): domain: (—oo,0) , range: (—oo,0]
h(x): domain: (—eo,c0) , range: [0,o)

The graph of g is the graph of f vertically

stretched by a factor of 2. 2|x| = |2x| = the

graph of 4 is the same as the graph of g.

g() = h(x)

g(x): domain: (—oo,0) , range: [0, o)

h(x): domain: (—eo,c0) , range: [0,o0)

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 1/2. The two graphs are the same.

g(x): domain: (—ee,0) U (0,) , range:
(=22,0) U (0, 0)
h(x): domain: (—eo,0) U (0,0), range:
(=22,0) U (0, 0)

The graph of g is the graph of f shifted one
unit to the left and reflected across the y-axis.
The graph of & is the graph of fshifted one
unit to the left, reflected across the y-axis,
reflected across the x-axis, and then shifted
up one unit.
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b. y 12.a. The graph of g is the graph of fshifted one
5 B unit to the right, reflected across the x-axis,
o 3F } and then shifted two units up. The graph of &
\P— oo is the graph of f vertically stretched by a
Ll Ll factor of three and then shifted one unit
=5 3 9 1 3 5% down.
h(x) - b. gx) Y fx)
&0 61  j(x) O
n 05 o0 @0
B *40> o
-5 30 o0
2+ *——0
c. g(x): domain: (—oo,1], range: [0,c0) 1i- —-0
) —— ,_(?_|_¢_?_|_|_|_|_>
h(x): domain: (—eo,1], range: (—oo,1] 2bied 278367 82
02 |- O
10.a. The graph of g is the graph of f shifted one 0 3| -0
unit to the right. The graph of 4 is the graph = "(z_o
of f shifted one unit to the right and then
three units up. c. g(x): domain: (—oo,0) , range:
b. y {n:n is an integer}
10 i .
o & h(x): domain: (—eo,c0) , range:
oL {n:n=3k -1k aninteger}
6 —
13.a. The graph of g is the graph of f shifted one
4 K 4 unit up. The graph of 4 is the graph of f
AN 8 shifted one unit to the left.
1 b. y
Ll11 [ 2
-5 -3 -10/ 1 3 05X > 8t
2 —
¢. g(x): domain: (—oo,c0), range: [0,o) hoo)
h(x): domain: (—ee,c0) , range: [3,o0) [ & [
= — 1 2 3 x
11.a. The graph of g is the graph of f shifted two : =
units to the right and one unit up. The graph 1 2
of h is the graph of f shifted one unit to the -3
left, reflected across the x-axis, and then two
units up. c. g(x): domain: (—oo,0) , range: (—oo,o0)
b. 3; b h(x): domain: (—oo,0) , range: (—oo, o)
hoo 3: ) 14.a. The graph of g is the graph of f shifted one
L ¢ unit left, reflected across the y-axis, vertically
Ll 1 = stretched by a factor of 2, and then shifted 4
5 3 0 3 5% units up. The graph of 4 is the graph of f
! shifted one unit to the right, reflected across
_3 the x-axis, and then shifted three units up.
Jeo b. y
= g 8-
\_
c. g(x): domain: (—oo,00), range: (—oo,o0) .
o D
h(x): domain: (—ee,c0) , range: (—oo,oo) %—
An
2 —
l —
LLt v g
-5 3 -1 3 5
fo o 72E
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15.
19.
23.

27.

29.

31.

33.
35.

36.

37.

38.

c. g(x): domain: (—oo,00), range: (—oo,o0)

h(x): domain: (—eo,0) , range: (—oo, o)

e 16. ¢ 17. ¢ 18. h
i 200 a 2. b 22 k
1 24. £ 25.d 26, ]
42 28. Jx+3
~ | 30. -x
(x=3)2+2 32, —Jx+3-2
3(—x+4)>+2 3. 2fx-4|-3
0
L
o 5.5
5
4
3
(—2.5,4) |
(—0‘5,2)—
1
| | \I | |
-3 2\ 0 2 3 X
e
72_
(=15, —1) 2, -2)

39.

40.

41.

(6,4)

2.6 B Exercises: Applying the Concepts

43.
44.

45.

46.

(=)

g(x) = f(x)+800
h(x) =1.05f(x)
p(x) =1.02(x +500)

1.1x

(x) = if x <30
PRI 024

if x > 30

,000
,000
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47.a. Shift one unit right, stretch vertically by a
factor of 10, and shift 5000 units up.

y
5030
5025~
5020 - C)
5015~
5010~
5005 [~
5000 [~

4995 —

E A I R N
1 2 3 4 5 x
Number of employees

b. C(400)=5000+10~+400 -1 =$5199.75

Annual cost

48. 1.1C(x) = 1.1(5000+10\/x—1)
=5500+11vx—1

49.a. Shift one unit left, reflect across the x-axis,
and shift up 109,561 units.

y
109,600
109,500
109,400
109,300
109,200

109,100 [~

A I I I

4 8 12 16 20p
Price (cents)

Number of hats

b. 69,160 =109,561—(p +1)>
40,401=(p +1)>
201 = p+1= p=200¢ = $2.00

c. 0=109,561—(p+1)>
109,561=(p +1)°
331=p+1=> p=330¢=$3.30

50. Write R(p) in the form —3(p—h)% +k :

R(p)=-3p> +600p = -3(p> - 200p)
Complete the square
=-3(p? =200 p +10,000) + 30,000
=-3(p—100) + 30,000
To graph this, shift R(p) 100 units to the right,

stretch by a factor of 3, reflect across the x-axis,
and shift by 30,000 units up.

51. The first coordinate gives the month; the second
coordinate gives the hours of daylight. From

March to September, there is daylight more than

half of the day each day. From September to
March, more than half of the day is dark each
day.

~

T 1T
~
)
53
&

_(3,0/\9,0)
Ll gl

_/4é

a2 12, -2)

W O — Wk W

52. The graph shows the number of hours of

darkness.
y
1511, 14) (12, 14)
(3,12)
9, 12)
10
(6, 10)

N I 0 B A

of 2 4 6 8 10 12%x

2.6 C Exercises: Beyond the Basics

53. Shift one unit to the right, stretch by a factor of
2, reflect across the x-axis, shift three units up.

y
o 15
._o :
._O :
—d"F
—
50_—0
- e—o0
Ll 11 -1 911
-5 -1 1 eo05%x
- o
_5_

54. Shift two units to the left, stretch by a factor of
3, shift one unit down.
y

15
O

10

TTTTTTTTTTI

III

IIIIIIIII$I
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5S.

56.

57.

58.

Shift two units left and 4 units down.

y
5

59

3

1
L1
-7 -5

L1 1
—3 ,1_

w -
=

3

-5

f(x)=x2—6x=(x2—6x+9)—9

=(x-3)%-9
Shift three units right and 9 units down.
y
20

N
|
=)
o
w
Ny
o
N
Ry =

f(x)=—x2+2x=—(x2—2x+1)+1

—(x-1D%+1
Shift one unit right, reflect across the x-axis,

shift one unit up.

y
3

1=

Ny .
o=
o=
=

[ |
—4-32-1¢ 1 3
3

-5

=17

f(x)z—x2—2x=—(x2+2x+1)+l

=—(x+1)%+1
Shift one unit left, y
reflect across the
axis, shift one unit
up.x

60.

61.

) f(x)=2x2—4x=2(x2—2x+1)—2

=2(x-1)%-2
Shift one unit right, stretch vertically by a factor

of 2, shift two units down.
y

7
6_
5
4

w
Ny -
[Ty =
o
=

L1 11
—4—3—2—LP 1

f(x)=2x>+6x+3.5
=2(x2+3x+1.75+0.5)—1
=2(x+1.5)2%-1

Shift 1.5 units left, stretch vertically by a factor
of 2, shift one unit down.

I
123 4 x

f(x)=—2x>-8x+3=-2(x>+4x-1.5)
=—2(x2+4x—1.5+5.5)+11
=2(x+2)2 +11

Shift two units left, stretch vertically by a factor
of 2, reflect across the x-axis, shift eleven units

up.

>
AT TTT1
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<

62. f(x)=-2x%+2x—1=-2(x2 = x+0.5) 66.

10
= 2(x* - x+05-025)-0.5 ’
= 2(x? - x+025)-05 7
=-2(x-0.5)2-05
Shift 0.5 unit right, stretch vertically by a factor
of 2, reflect across the x-axis, shift 0.5 unit
down. )
¥ -5 =3 —-10 1 3 57X
[N N Y T I
—4-3-2-10/~N 234 567X 67. y
2
1
L1 | |
-3 -2 -1 0 1 2 3 X
68.
63.
2.6 Critical Thinking
69.a. g(x)=h(x-3)+3. The graph of g is the
graph of 4 shifted three units to the right and
three units up.

64. b. g(x)=h(x—1)—1. The graph of g is the
graph of / shifted one unit to the right and
one unit down.

c. g(x)=2h (%xj The graph of g is the graph

65.

of h stretched horizontally and vertically by a
factor of 2.

d gkx)= —Sh(—%x). The graph of g is the

graph of / stretched horizontally by a factor
of 3, reflected across the y-axis, stretched
vertically by a factor of 3, and reflected
across the x-axis.

70. y=f(x)=f (—%(—4)0). Stretch the graph of

y = f(—4x) horizontally by a factor of 4 and
reflect it across the y-axis.
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2.7 Combining Functions; Composite

Functions

2.7 A Exercises: Basic Skills and Concepts

1.a. (f + g)(—l) =f(=D+g=D

=2(-D)+—(-)=—2+1=-1

b. (f-2)(0)=f(0)-g(0)=2(0)~(-0)=0

c. (f+8)(2)=rf(2)+g(2)=2(2)+(-2)=-8
d,(iym=iﬁ:z@:_2

g g -1
2. (f+g)(-1)=fC=D+g=D

=(1-=D?)+(-141)=0
b. (f-g)(0)=f(0)-g(0)
=1-0%)-(0+1)=0

c. (f+g)(2)=f(2)+g(2)
=(1-2%)e(2+1)=-9

2
d, (ij@):&:l‘l _
g g 1+1

3a. (f+g)(-)=f(-D+gD
B +(2(-D+1)=0

V-1+2

b. (f-2)(0)=r(0)-g(0)
1

NG

= —(2(0)+1)=7—1

NJO+2
e (feg)2)=r2e5(2)

1
) «(22)+1)=

N |

1
i (ij(l)zf(l)zx/—l 2_ 1B
g g 2)+1 33 9

da. (f+g)(-1)=fCD+g=D
-1
(D2 —6(=1)+8
1 59

=—— 4=
15 15

b. (f-2)(0)=r(0)-g(0)
0

- —(3-0)=-3

0% -6(0)+8

+(3-(-D)

C.

7.a.

(f+8)(2)=f(2)+5(2)

=2;.(3—2)=2.1=>
2°-6(2)+8 0
the product does not exist.
b
(ij(l):f(l): P-6+8 _3_1
g g 3-1 2 6

(f+g)(=1)=f(=D+g(-D)
= (-1 +2(-)+(3- (1)
=-1+4=3
(f-2)(0)= £(0)-g(0)
- (02 +2(0))—(3—(0))= 3

(f+8)(2)=f(2)+2(2)
- (22 + 2(2)).(3 -(2))=8

Ly=L® _rram 3
4 g 3-1 2
(f+g)(=1)=f(=D+g(-D)
= (-12+3)+ (3(-1)* + 24)
=4+21=25
(f-¢)(0)=f(0)-g(0)
= (07 +3)-(3(0%) +24) = 21

(fe2)(2)= f(2)+2(2)
= (22 +3)(32%) +24) =336

F%Fngﬁici
g g 30%)+24 27

f+g= ¥+ x- 3; domain: (—oo, o0)

2

f—gzx—S—xzz—x +x-3;

domain: (—oo, o)

feg= (x—3))c2 = x> —3x2;
domain: (—oo, o)

f x-3

. == ; domain: (—eo,0) U (0, o)

= ; domain: (—e0,3) U (3,00)
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8a. f+g= x% +2x—1; domain: (—o0,0) b. f-g=2x-1- \/;; domain: [0,e)
b. f-g=2x—1-x*=—x*+2x-1; ¢ fog=Qx—DVx=2x/x—x;
domain: (—oo, o) domain: [0,e°)
c. feg= (2x—1)x2 =2x7 _xz; d. i: 2x—1; domain: (0, co)
domain: (—oo, ) 8 Jx
d. i = ﬂ; domain: (—oo,0) U (0, %) e. g \/_ ; the numerator is defined only
g x2 f 2x-1
for x = 0, while the denominator = 0 when
2
. 1 1
e. &£__* ; domain: (—oo,—)u(—,ooJ x:l, so the domain is O,l ] l,oo .
f 2x-1 2 2 2 2 2
(3 2 _ .3 2
9.a. f+g=(x"~1)+(227 +5)= " 4227 +4 12.a. f+g=(1—l)+l=1.Neitherfnorgis
domain: (—oo, o) X/ X
defined for x = 0, so the domain is
b. f-g= (x3 —1)—(2x2 +5) =x>-2x* -6 (=22,0) U (0, ).
domain: (—oo,c0) 1 1 2
b. f—g=(1——)——= -
_ (.3 _ 2 X X X
¢ feg=(c-1)(227 +5) domain: (—eo,0) U (0, ).
=2x" +5x° — 2x% — 5;domain: (—oo, o)
o ram(i-L)-Lotoxt
fooxX-1 . . ¢ x)\x) x ¥t
& T o ) domain: (~e2,0) U (0,0).
2 1 x-1
§_2x +5 s i 1-— —
e FT o ;domain: (—eo,1) U (1, 20) d. S_ x__«x — x—1. Neither f nor g
g 1 1
(.2 2 x x
10.a. f+g= (x 4) + (x 6x+ 8) is defined for x = 0, so the domain is
=2x? — 6x + 4;domain: (—oo, o) (=22,0) U (0, %0).
b f-g=(x"-4)-(x?-6x+8)=6x-12 1
domain: (-, o) e Sox — x 1 Nejher f norg
S l—l L_l x—1
(.2 2 X x
c. f-g—(x —4)(x —6x+8) .
ot _xd tAxl 4 24— 32 is defined for x = 0, and = is not defined
domain: (—ee,0) for x =1, so the domain is
(—o=,0) U (0,1) L (1, 0).
o oxt-4 . .
d —= - the denominator = 0 if ) 5
g x’—6x+8 13. (g0 f)(x)=2(x? ~1)+3=227+1;
x=2Ux =4, so the domain is 5
(o0, 2) U (2,4) U (4, ). (g0 £)(2)=2(2" ~1)+3=9;
i (g0 f)(-3)=2((-37-1)+3=19
g x"—-6x+8 . .
e. 7 = 2—4; the denominator = 0 if 5 )
x° = - 1= _
x=2U x=-2, so the domain is 14. (g0 f)(x)= 3|x2+ 1| 1=3(x"+2x+1)-1
(=00, =2) U (=2,2) U (2,0). =3x"+6x+2;
(g0 f)(2)=3]2+1 —1=26;
1l.a. f+g=2x—1++/x; domain: [0,c0)

(g0 f)(-3) =33 +1] ~1=11
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

(fog)(2)=2(22")-3)+1=11

(g0 1)(2)=2(2)+1)* -3=47
(fog)(-3)=2(2-3%)-3)+1=31
(g0 f)(-5)=2(2(-5)+1)* =3=159

(£02)(0)=2(20%)-3)+1=-5

(s Of)(%)= 2(2(%)+1J2 —3=5
(fog)(-c)= 2(2(—c)2 —3)+1=4c2 -5

(Fog)(c)=2(2c7 =3)+1=4c? =5

(g0 f)(a)=2(2a+1)* -3
=2(4a” +4a+1)-3
=8a’ +8a—-1

(g0 f)(-a)=2(2(-a)+1)* -3

=2(4a2—4a+1)—3
=8a>-8a—-1

(fof))=2(2M+1)+1=7

(gog)(-1)=2(2¢-1? —3)2 ~3=-1

2 2 2x
(fog)l¥)=g7—=—7=""
l +1 x+1  x+1
X X
The domain of f is (—oo,—1) U (—1,0), while
the domain of g is (—eo,0) U (0,0). The

domain of f o g is (—eo,—1) U (=1,0) U (0, 0).

1 1
(Fog)(x)=— )
x+3 x+3
x+3__x+3
—x—1 x+1

The domain of f is (—eo,—1) U (—1,0), while
the domain of g is (—eo,—3) U (0,-3). The

domain of f o g is (—o0,=3) U (=3,-1) U (—1,0).

(fog)(x)=4(2-3x)-3=+-1-3x.

The domain of f is [3,e0), while the domain

of g is (—o0,0). f o g is defined for x < —%.

30.

31.

32.

33.a.

34.a.

35.a.

So, the domain of f o g (the intersection of

the three sets listed) is (—oo, —%}

2+5x 245x
(Fog)(x)= (2+50-1 1+5x

The domain of f is (—oo,1) U (1,0), while
the domain of g is (—oo,0). f 0 g is defined

for (—oo’—l) U (—l,ooj. The domain of
5 5

f o g (the intersection of the three sets listed)
is (—oo’—lj U (_l’ooj_
5 5
(f ° g)(x) = ‘xz - 1‘; domain: (—ee, o)
(f og)(x)=3|x—1-2; domain: (—eo,co)
(Fog)(x)=2(x+4)-3=2x+5;
domain: (—ee, o)

(g0 f)(x)=Q2x-3)+4=2x+1
domain: (—oo, %)

(fof)(x):2(2x—3)—3:4x—9;
domain: (—oo, o)

(808)(x)=(x+4)+4=x+8,
domain: (—ee, o)

(f og)(x) =3x-5)-3=3x-§;
domain: (—oo, o)

(gof)(x)=3(x-3)-5=3x—-14;

domain: (—oo, o)

(fof)(x)=(x-3)-3=x-6;

domain: (—ee, o)
(gog)(x)=3(Bx—-5~-5=9x-20;
domain: (—ee, )

(fog)lx)= 1-2(1+x%)=-2x-1;
domain: (—ee, o)

(g0f)(x)= 1+(1-2x)% =4x> —4x+2;

domain: (—oo, o)

(fof)(x)=1-201-2x)=4x~1;

domain: (—oo, o)

gog)(x)=1+a+x)? =x*+2x2 +2;
(g08)(x)
domain: (—oo, o0)
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36.a. (fog)(x)=202x")-3=4x"-3; 0.2 (fog)(x)=(Var2) +2/r+2
domain: (—oo, 0
omain: (~, ) = x+2+~/x + 2;domain: [~2,0)
b. (gof)(x)=2(2x-3)* =8x% —24x +18; .
domain: (—o, o) b. (go f)(x)=+vx"+2x+2;domain: (—eo,c0)
c. (fof)(x)=22x-3)-3=4x-9; c. (fof)(x)=(*+2x)%+2(x* +2x)
domain: (—eo, ) =x* +4x° +4x% + 207 + 4x
4 3 2
2 =x +4x” +6x" +4x;
d. (gog)(x)= 2(2x2) =8x%; domain: (—eo,o0)
domain: (—oo,c0)
5 d. (gog)(x)=+Vx+2+2;domain: [-2,0)
37.a. (fog)(x)=22x-D"+32x-1)
=2(4x2—4x+1)+6x—3 41.3. (fog)(x): 1 _ 1
=8x2 —2x—1;domain: (—oo,c0) 2(1j_1 2-x?
2 2
X X
b. (gof)(x)=202x* +3x)-1=4dx” +6x—1; x2 x2 , .
domain: (oo, o) = T2 =5 5 The domain of f is
1 1 . .
C. (f o f)(x) = 2(2x2 + 3x)2 + 3(2x2 + 3x) (_OO’EJ U(E’ )’Whlle the domain of g
_ 4 3 2 2 2
_2(4x +12x° +9x )+6x +9x is (—0,0) U (0,00). — 2x is defined for
= 8x* +24x% +24x% +9x; X
domain: (—ee, o) (—°°, —\/5) v (—\/5, \/5) )/ (\/5, 00). The
domain of f o g is the intersection of the
d- (g08)(x)=22x-D-1=dr=3 sets: (=42 U(~/2.0) U (0.42)
domain: (—oo, o) ( \/5 )
U(v2,00).
38.a. (fog)(x)=(2x)%+3(2x)=4x” +6x;
d in: (—oo, 00 1 1
omain: ( ) b. (gof)(x)= — = .
b. (gof)(x)=2(x"+3x)=2x" +6x; (ZX_J 4x% —4x+1
domain: (—oo, 0
omain: (=, ) = 4x? —4x+1. The domain
5 . - . .
N (f . f)(x) _ (x2 N 3x) N 3(x2 N 3x) of g is ( 1,0) U (i), ), while the domain of
. 2 .
=x*+6x° +9x% +3x% +9x fis (_M’EJU(E’W)AX Tdalis
=x*+6x° +12x% + Ox; defined for (—oo,o0). The domain of g o f is
domain: (—oo, o) the intersection of the sets:
1 1
d. (gog)(x)=2(2x) = 4x;domain: (—eo,c0) (_m’aj U(E’MJ'
2
39.a. (fog)(x)= Jx)" = x;domain: [0, o) _ 1 _ 1
( ( ( ) C. (fof)(X) 2( 1 )_1 2-2x+1
b. (gof)(x)=\/x72=|x|;domain: (—o0, 00) - 2x3)i_1 2x-1
) :ﬁ:—2 3;Thed0main0ff is
. -2x x-
C. (fof)(x):(xz) :x4;d0ma1n: (o0, 0) 1 1 2%—1
(_M’EJU(E’MJ' ~ 2003 is defined
X—
d. (gog)(x)= V/x = ¥x; domain: [0, o)
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42.a.

43.a.

for (—oo Ej U (E, ooj, so the domain of
2 2

f o f is the intersection of the sets: b.

CRERES :

(g0g)(x)=

x2

(—o0,0) U (0, ), while x* is defined for all
real numbers. The domain of g o g is the
intersection of the sets: (—eo,0) U (0, o).

ﬁ = x*. The domain of g is

X x—(x+1) 1
(] X)= —1]1 = = — .
(f g)( ) x+1 x+1 x+1
The domain of f is all real numbers, while

the domain of g is (—eo,—1) U (=1,0). The
domain of f o g is the intersection of the
sets: (—oo,—1) U (—1,00).

‘x .
(8 o f)(x) = m . The domain

of f is all real numbers, while
the domain of g is (—oo,—1) U (—1,0).

1 i< defined for (—o0,0) U (0, 0). The
X

domain of g o f is the intersection of the
sets: (—oo,—1) U (—1,0) U (0, c0).

(fof)(x)=(x-D-1=x-2;

domain: (—oo, o)

X X

_ x4+l x+1 X
(gog)(x)— X +1_x+x+1_2x+1'

x+1 x+1
The domain of g is (—eo,—1) U (=1,0),

while is defined for

X+
(—‘X’,—%j U(—% wj The domainof go g
is the intersection of the sets: (—oo,—1) U
(3ol
_1,__ Ul ——,%|.
2 2
(fog)(x)= |—2| = 2;domain: (—oo, o)
(8 o f)(x) = —2;domain: (—oo,0)
(f © f)(x) = |(|x|)| = |x|; domain: (—oo, )
(

g 0 g)(x)=-2;domain: (—eo,e0)

44.a.

45.a.

_1 =x_1 b-

46.a.

( )() 3;domain: (—oo, o)
(g o f)(x) = 5;domain: (—oo,0)
(f ° f)(x) =3; domain: (—oo, 00)
(g0 g)(x)=35;domain: (—eo,c0)
1 1—
(fog)(X)=1+H7x=1+l+i
1-x
1+x+1 x 2
l+x  1+x

The domain of f is (—o0,0) U (0, ), while
the domain of g is (—eo,1) U (1,00).f 0 g is

defined for (—eo,—1)\U(~1,0). The domain
of f o g is the intersection of the sets:

(—eo, 1)U (=L 1) U (L, ).
1+1+l 2x+1
of)(x)= X =X - _Jxy—1.
(g0f)(x) 1_(“—1) x

The domain of g is (—ee,1) U (1,0), while

the domain of f is (—o0,0) U (0,0). g o f is
defined for (—ee, o). The domain of g o f is
the intersection of the sets: (—eo,0) U (0, o).

1 1 X
(fof)(x)—1+1+l—1+ ~71 —1+x+1
X X
= 2)H_I;The domain
X+
of f is (=00, 0) U (0,0). 22+ 1 i
x+1
defined for (—oo, —1) U (—1, oo), so the

domain of f o f is the intersection of the

sets: (—oo,—1)U(=1,0) U (0,00).
1+x 2
e a1
_ —x_1-x__1
(gog)(X) 1_“_7)(_&_ X
1-x -Xx

The domain of g is
(=o0,1) U (1,00), while — l is defined for
X

(—o0,0) U (0, 0). The domain of g o g is the
intersection of the sets:
(—oo, 0) U (Os 1) o (13 oo)

(fog)(x)=Youd+n+1=3x+2;

domain: (—oo, o)
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b. (g0/f)(x)=(¥x+1) +1=x+2

domain: (—eo, o)

c. (fof)(x)=x+1+1;domain: (~eo,e0)

d. (gog)(x)=(x*+1)% +1;domain: (—oo,c0)
47. Hx)=x+2= f(0)=Vx,g(x)=x+2

48. H(x)=|3x+2|:>f(x)=|x|,g(x)=3x+2
49, H(x)=(x2—3)10=>f(x)=x10,g(x)=x2—3
50. H(x)=v3x> +5= f(x)=x+5,g(x)=3x>

1 1
51. H(x)=m:> f(x)=;,g(x)=3x—5

52. H(x)zﬁ: f(x)z%,g(x)=2x+3

53. Hx)=x>-7= f(x)=Yx,g(x)=x> -7
54. Hx)=Yx?+x+1= f(x0)=x,
g(x)=x2+x+1

1 1
55. H(x):m:f(x)zm,g(x):x3—l
JE

56. Hx)=Il+/x = f(x)=3x, g(x)=1+x

2.7 B Exercises: Applying the Concepts

57.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.

58.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>

59.a.

60.a.

61.a.

62.a.

63.a.

P(p)=R(p)—-C(p)
=5000p —5p% —(32,000—20p)
=-5p2 +5020p — 32,000

P(x) =R(x)—C(x)=25x—(350+5x)
=20x-350

P(20) = 20(20) — 350 = 50. This represents

the profit when 20 radios are sold.

P(x) =20x—-350;500 =20x-350= x =43

C-350

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)=0.02x+3

T (x) represents the total price of

merchandise worth x dollars, including the
shipping and handling fee.

f(x)=0.7x

gx)=x-5

(g0 f)(x)=0.7x-5

(fo8)(x)=07(x-5)

(fog)-(gof)=07(x=5)~(0.7x~5)
=0.7x-035-0.7x+5
=$1.50

f(x)=0.8x

g(x)=0.9x

(g0 f)(x)=0.9(0.8x)=0.72x

(fog)(x)=0.8(0.9x)=0.72x

They are the same.

() =11xg(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%.
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e

64.a.

66.a.

(g0 f)(x)=1.1x+8. This represents a final d.

test score computed by first increasing the
original score by 10% and then adding 8
points.

(f©g)(70)=1.1(70+8) = 85.8;
(20 £)(70)=1.1(70)+8 = 85.0;

(fog)(x)# (g0 f)(x)
() (fog)(x)=1.1x+8.8>90 = x>73.82
(i) (g0 f)(x)=1.1x +8 290 = x > 74.55

f(x) is a function that models 3% of an

amount x.

g(x) represents the amount of money that
qualifies for a 3% bonus.

Her bonus is represented by (f o g)(x).
200+ 0.03(17,500 — 8000) = $485

521=200+0.03(x —8000) = x = $18,700

[0 =7zx?
g(x) = m(x+30)2
67.a.
g(x)— f(x) represents the area between the
fountain and the fence. b.
The circumference of the fence is 27z(x + 30) . c
10.5(272(x +30)) = 4200 = 7z(x + 30) = 200 =
7x+307 =200 = 7x=200-307. 68.a.
g(x)— f(x) = (x+30)% — zx>
= 71(x* +60x +900) — 7x> b.
= 607zx+9007z. Now substitute
200 - 307 for 7x to compute the estimate: c.
1.75[60(200 - 307) + 9007]
=1.75(12,000 - 9007) = $16,052. 69.a.
F(x)=180(2x +8) + 7(x + 4)* b.
=1440 + 360x + 7(x + 4)?
c.
g(x) = 2x(180) + x? = 360x + 7x>
f(x)— g(x) represents the area of the track.
d.

2x

-
I
. :fxﬂ 180 m
+ 2x+ 8
|
|

(i) First find the radius of the inner track:

900 =27x+360 = E = x. Use this value
4

to compute f(x)— g(x):
270 270
(5o
T T
2
:[1440+360(@)m(&4) ]
T T
2
_[360(@j+,[(w) }

T T

2
= 1440+360(ﬂJ+ 270 2160+ 167
T VA
2
—360(@j— L
/a T

=3600 + 167z = 3650.26 square meters
(i1) The outer perimeter

=360+ 27z(@ + 4) = 925.13 meters
4

(fog)(r)=m(2t+1)?

A = FQt+1) = (2t +1)?

They are the same.
(fog))=5m(2) == 2’

4 3 32 3
V(it)=—=m(2t) =—rmt"
(1) 37r() 37

They are the same.

f(x)=1.755%x
g(x) =0.05328x

( fo g) (x) first converts pesos to pounds and

then pounds to dollars. So this function
converts pesos to dollars.

(f o £)(1000) =1.7559(0.05328(1000))
=$93.55
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2.7 C Exercises: Beyond the Basics

70.a. The sum of two even functions is an even

71.a.

function. f(x)= f(—x) and g(x) = g(—x) =
(f+8)X)=f0)+gx)=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)=0)=f(=0)+g(=x)=—f(x)— g(x)
=—(f+g)x).

The sum of an even function and an odd

function is neither even nor odd.

f(x) even = f(x)= f(—x) and g(x) odd =
g=x)=—g(x)= f(=0)+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) =

(fe)) = f(0)eg(x)= f(=x)+(g(-x))
=(feg)(=x).

The product of two odd functions is an even
function.

f(=x)=—f(x) and g(—x) =—g(x) =
(f o)1)= f(=x)eg(=x) == f(x)+(—g(x))
=(feg)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 =

g0 =-g(x)= f(=x)e g(=x) = f(x)+(-g(x))
=—(feg)(x).

f(=x)=—f(x) and g(-x) = —g(x) =
(fog)(=x)=r(s(=x)=r(-g(x)=
~f(g(x))=(f o g)(x) is odd.
f)=f(=x) and g(x) = g(-x) =
(fog)(=x)=f(g(-x)=f(s(x))=

(f o g)(x) is even.

f(x) 0dd = f(-x)=—f(x) and

g(x) even = g(x) = g(-x) = (f o g)(~x)
F(g(x))=f(g(-x))= (£ o g)(x) is even.

72.a.

73.a.

f(x) even = f(x)= f(—x) and g(x) odd =
g0 =g = (fog)(=x)= f(-g(x))
=f(g(x)=(fog)(=x)=(fog)(x) is

even.

J(=%) = h(=x) + h(=(=x)) = h(=x) + h(x)
= f(x) = f(x) is an even function.

g(=x) = h(=x) — h(=(=x)) = h(=x) — h(x)
=-g(x) = g(x) is an odd function.

{f (x) = h(x) + h(=x)
8(x) = h(x) —h(-=x) =
F(x)+g(x) =2h(x) =
hoy < L8 f) g
2 2 2
h(x) is the sum of an even function and an
odd function.

h(x)= x> -2x+3= f(x)= x> (even),
g(x) =—2x+3 (0dd)

h(x) =[x]+x= f(x) = w (even),

g(x)= x+w (odd)

2.7 Critical Thinking

74.a.

b.

C.

75.a.

The domain of f(x) is (—o0,0) U[l,0).
The domain of g(x) is [0, 2].
The domain of f(x)+ g(x) is[1, 2].

The domain of Lx; is [1, 2).

gx
The domain of fis (—oo,0). The domain of
1
1
J-x
the denominator is the square root of a
negative number.

and

fof is & because fo f =

The domain of fis (—eo,1). The domain of
fof is (—=,0) because

fof:%
1_

and the denominator

1-x

must be greater than 0. If x = 0, then the
denominator = 0.
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Section 2.8 Inverse Functions

2.8 A Exercises: Basic Skills and Concepts

1.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Inverse = {(01970, Salem MA), (38736,
Doddsville MS), (68102, Omaha NE), (94203,
Sacramento, CA), (96772, Naalehu HI). This is
a function.

Inverse = {(23, Equinox), (26, Malibu),

(27, Colorado), (27, Impala), (31, Monte Carlo).
This is not a function because there are two
different types of Chevrolet corresponding to 27
miles per gallon.

Inverse = {(_3’ 13)7 (_27 8)’ (_17 _1)’ (15 _1)’
(2,-8), (3,-13)}. This is a function.

. Inverse = {(1, 0), (2,-1), (2, 1), (5, -2), (5, 2),

(10, -3), (10, 3)}. This is not a function.
one-to-one 6. not one-to-one
not one-to-one 8. one-to-one
not one-to-one 10. not one-to-one

one-to-one 12.

f@2)=

not one-to-one
7= (7 =2

@ =-T=f(1=4
fEh=2= @)=~
f3)=5=75)=-3
fla=b=f'(b)=a
fNo=d= fd)=c
(£770 £)(337)= 7 (£ (337)) =337
for™)(@sm)= ( '(257))= 257

(

(£0r7")(-1580)= 7 (" (~1580)) =-1580
(#7 0 £)(9728)= 17" (£ (9728)) = 9728

a. f(3)=203)-3=3

b. Using the result from part (a), f 71(3) =3

27.

28.

(For™)9)=7(r"(19))=19
(For ™)) =r(r76)=5.
f(2)=2%=38

Using the result from part (a), f(8)=2
(For)as)=r(r"as)=1s
(For)en=r(r"@n)=27
fH=1P+1=2

Using the result from part (a), f~1(2)=1.
(f o f’l)(269) =f (f’l (269)) =269
g =32(P)-1=31=1

Using the result from part (a), g '(1)=1.

(gog7)(135)=g (g7 (135)) =135

y y=
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29, 3
7 3s. f(g(x))zS(x 1)+1=x—1+1=x
SY=x
. _Gx+h-1_3x _
g(f ()= 3
d x 2—x
36. f(g(x))=2—3( j=2—2+x=x
f@) -0 ;’ ) 3
% — —JX X
s(fW)=—5—"=5=
s
3
_(3 _
30. ol A 3. f (g(x))—(;/}) = x
[~ //y='c g(f(x)): xgz_x
| //I | 1
> _ 8. f(s(x)=g(f(x)=7=x
/// fx) —
/// X
L/,/ 1+2)c_1 1+2x—-(1-x)
_1-x _ 1-x
3. 39 f(g(x))_1+2x+2_1+2x+2(1—x)
1-x I-x
3x
=—=X
3
1+2(x;;j p2x=2
X x+2
g(f(x)) 1_)c—l B _x-l
x+2 x+2
x+2+2x-2
3. 42 3N,
x+2—-(x-1 3
x+2
3(x+2)+2 3x+6, 2(x-3)
_ \x-3 _x-3 x-3
O )= =T oy
x-3 x—3 x-3
3x+6+2x—-6
__ x-=3  _5x_
T x#2-xt3 T 5
7 x-3
33. [ x 3 5 6 3a+2 0 3x+2 2x-1)
-1 2 | - 0 1 —x=-1 _ x-1 x-1
f g(f (%) 3x42 .7 3x+2 3(x-1)
x—1 x—1 x—1
34. [x 2] o 1 2 3x+2+2x-2
o x=1 X _
A N e N TRe2-3x+3 5

x—1
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In exercises 41 and 42, use the fact that the range of f

is the same as the domain of f -

41. Domain: (—oo,—2) U (=2,0); range:
(=eo, DU (1, 00) .

42. Domain: (—oo,1) U (1,0); range:
(=22,3) U (3,0).

43.a. one-to-one

b. f(x)=y=15-3x. Interchange the variables
and solve fory: x=15-3y=

15;x=5—%x=y=f71(x).

“ 'Z\y\
15
10 -

-10 -5 S\ 10 15 D0~

44.a. one-to-one

b. g(x)=y=2x+5. Interchange the variables
and solve fory: x=2y+5=

x=5 1 5 _
=——=—x->=¢"'(.

2 2 2

45.a. not one-to-one
46.a. not one-to-one
47.a. one-to-one

b. f(x)=y= Jx+3 Interchange the variables
andsolvefory:x=\/;+3ﬁ

x-3=y=y=(x-3%= (0.

48.a.

49.a.

50.a.

one-to-one

f(x)=y=4- Jx. Interchange the variables
and solve fory: x = 4—\/;:>

drx=—fy=y=(-42=F"(x

one-to-one

g(x)=y=x+1. Interchange the variables

and solve fory:x=3/y+1=
x3=y+1:>y=x3—1=g71(x)

one-to-one

hx)=y= é/ﬁ Interchange the variables
and solve fory:x=3[1-y =
P=l-y=y=1-x =g ().
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c. y 53.a. one-to-one
UE))
2l f(x) =y =+/2— x. Interchange the variables
h(x) andsolvefory:x:w/2—y:>x2:2—y:>
L | \ I y=2—x2=f_1(x).
-2 -1 1 2 X
L y
-1 5 L
-2+ %_
1%
51.a. one-to-one A
-5 -3 -1 1\ 3 5%
b. f(x)=y= — Interchange the variables . B B
X q L [
andsolvefory:x:—1:>x(y—l):1:> -5
y -
1 1 1+ _ -to-
—=y—1:>y=—+1:—x:f Lx). 54.a. one-to-one
X X X
f(x) =y =+/3+ x. Interchange the variables
¢ y5 andsolvefory:x:«/3+y:>x2:3+y:>
f) y=x2—3=f_1(x).
1 3 5
52.a. one-to-one
1 . 2
b. g(x) =y =1-—. Interchange the variables
X
1 y—1 x+1 .
andsolve fory:x=1-—= x=>—= 55. f(x)=y= Pary Interchange the variables
y y B
+1
andsolvefory:x=y—=>xy—2x= y+1=
xy=y-l=sxy-y=-Il=yx-)=-1=> -
y=-— 1 - 1 =g_1(x) xy—=y=2x+1=ykx-H)=2x+1=
=1 1=x 2x+1
y= = £7(x). Domain of f:
c. Y x—1

szy\/ﬂ_)

-5 =3 —-10 /N1
-1
73_

—5H

56.

(=o0,2) U (2,%0); range of i (—oo,1) U (1, 00).

+2
al 1 Interchange the variables

g()C)=y=xJr

+2
andsolvefory:x:y—:xy+x:y+2:>
y+

xy—-y=—x+2=>yx-D)=-x+2=

—x42 x-2
=L X7 ~(x). Domainof £
X

Cox—-1 0 1-
(=o0,—1) U (=1,00); range of f: (—oo,1) U (1, 0).
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57.

58.

f(X)=y= 1—2x' Interchange the variables
1+x
1-2y
+y
x+xy=1-2y=>xy+2y=1-x=

y(x+2)=1—x=>y=1_—x=f_l(x)-
x+2

and solve fory: x =

Domain of f; (—eo,—1) U (—1,0); range of f:
(—oo, _2) o (_25 oo)

-1 . Interchange the variables

h(x) = y—

y-1
andsolvefory:x=—3=>xy—3x=y—1=>
xy—y=3x-1=>yx-1)=3x-1=

3x-1  _
y= =h 1(x).
x—1

Domain of fi (—e0,3) U (3,00); range of f:
(=0, ) U (1, 00).

2.8 B Exercises: Applying the Concepts

59.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

60.a. The two points are (212, 373) and (32, 273).

373-273 100 _5

The rate of change is ————
212-32 180 9°

273= —(32) tbm b=
K(F)__F 2297
b ko3P 2297 2297 5.
9" 9 9 9
9 2297

9K 2297 =5F = _K - === F(K)

This represents the Fahrenheit temperature

corresponding to a given Kelvin temperature.

2297

c. K(98.6)= —(986)+T=310°K

6l.a. F(K(C))= —(C +273)— %

9 90,9273 2297

5 5 5
2+ 2cyn
5 5 5

2297
b. C(K(F)) = 2F+Tg—273

5 2297-2457
— g0
9 9

_5,_160
9 9

519 9
=x—-32+32=x
9 160
C(F =—|—=x+32
(F(x)) (Sx ) Y

160 160
+ =
9 9
Therefore, F and C are inverses of each other.

62. F(C(x))= 2[2)6 - @j +32

63.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.

64.a. w=4+0.05x=>w-4=0.05x=
x = 20w —80. This represents the food sales
terms of his hourly wage.

b. x=20(12)-80=3$160

65.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 [60,0), the
function has an inverse.
T .
66.a. T=111=I= IREE This shows the length

as the function of the period.
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2 64 —,/4096 -8
b. l=mz1-8 ft The range of x:fy is [0, 16],
c. T=1.11(90) =99.9 sec so this is the inverse.
y _ 64 +4096 — 8y
v | R~ a1
67.a. V=8x/;=>§=x/;=>aV2=x=V_l(x) 28|
24+
This represents the height of the water in Pl
terms of the velocity. i
b. (i) x= L(302) = 14.0625 ft 2
) 64 o 81 < 64~ 4096 - 8y
i = 4
(ii)x:i(202)=6.25ft e
64 100 200 300 400 500 x
68.a. y=64x- 2x? has no inverse because it is b. () x= 64 — /4096 - 8(32) ~05] ft
not one-to-one across its domain, [0, 32]. (It 4
fails the horizontal line test. 64 — /4096 — 8(256
) (i) x= (256) = 4.69 ft
y 4
01 o 64-J4096-8(512)
400k (i) x= 1 =16 ft
300F - - f -
00k 69.a. The function represents the amount she still
L owes after x months.
100+
T DTS S T b. vy z 36i OO(f) - 6(.)Ox._ Ir;tgrg(l)lgngg (;l(;e variables
However, if the domain is restricted to and solve fory: =29, - y=
[0, 16], the function is one-to-one, and it has
an inverse. 600y = 36,000 — x = y = 600 - —— =
y ! 600
500+ i . 1
[ [ " (x) = 60 ———x. This represents the
400 | S 600 P
300 i number of months that have passed from the
200k ! first payment until the balance due is $x.
100} : 1
: c. y=60- @(22, 000) = 23.33 = 24 months
81216202428 32 %
70.a. To find the inverse, solve

y=64x—2x" = 2x% —64x+y=0=

64 1/64% —8y I 4096 -8y

X=———— = x=————
4 4

4096 -8y >20=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. The range

64+ /4096 — 8
fy is [16, 32], 5o this is

not the inverse.

of x=

x=8p? —32p+1200 for p:

8p2-32p+1200-x=0=
32t J(=32)% — 4(8)(1200 - x)

P 2®)
_32+,/1024 - 38,400 +32x

16
_32£+/32x-37376  32%4+2x—2336

16 16

= 2ii\/2x—2336

Because the domain of the original function is
(0, 2], its range is (1168, 1200].
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b

28C

71.

72.

73.a.

1200
1190
1180
17 O] ESEISSIE i == -
1160
1150

x=8p%—32p + 1200

1 2z 7
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—i\/2x— 2336 is (0, 2], so it is the

inverse.

X

4_
3r p=2+%\/2x—2336
2_

p=2- %\/2x—2336

A

1140 1160 1180 1200 p
. p= 2—%«[2(1180.5— 2336 = $0.75

Exercises: Beyond the Basics

f(gB)=fM=3,f(O6)=rB) =5, and
f(g)=f@)=2= f(g(x))=x foreach x.
g(fM)=gB)=1g(f(3)=g(B)=3, and
g(f(d)=¢g1)=4= g(f(x))=x for each x.
So, fand g are inverses.

f(g(=2)=fM)==2f(g0)=f(2)=0,
f(g(=3)=f(@B)=-3, and
F@E2)=fOH=-2= fg)=x

for each x.
g(f)=g(=2)=1¢8(f(2)=g0)=2,
8(f(3)=g(=3)=3, and g(f(4)=g()=4
= g(f(x)) = x for each x.

Sof and g are inverses.

So, fand g are inverses.

74.a.

75.a.

76.a.

C.

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-

andsolvefory:x=1—L=>
y+1

1
——=l-x=1=y+l-xy—x=
o1 y+1-xy

xy—-y==x=>yx-D=-x=

y=rf=-

X X

1 1—-x

X

Domain of fi (—eo,—1) U (—1,0); range of f:
(=o0, ) U (1, 00).

g satisfies the horizontal line test.
y

™

0 1 X

y=+1- xZ. Interchange the variables
and solve for y:x = /1—- y? =

x2=1—y2:>y2=1—x2:>

y=g @ =v1-2

Domain of f=range of f: [0, 1]
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77.a. M = (3%7%) — (5,5). Since the

coordinates of M satisfy the equation y = x, it
lies on the line.

b. The slope of y = x is 1, while the slope of PO

is =3 =—1. So, y = x is perpendicular to

PQ.

78. M =

(a b s b er a J Since the coordinates of

M satisfy the equation y = x, it lies on the line.
The slope of the line segment between the two

points is _Z = —1, while the slope of y = x

is 1. So the two lines are perpendicular.

79.a. The graph of g is the graph of f shifted one
unit to the right and two units up.

b. glx)=y=(x- 1)3 + 2. Interchange the
variables and solve for y :x = (y — 1)3 +2=

y= gil(x) =3x-2+1.

80.a. (i) f(x)=y=2x-1.Interchange the
variables and solve for y: x =2y —-1=
-1 1 1
= = — + R
y=f R

(i) g(x)=y=3x+4. Interchange the
variables and solve for y: x =3y +4 =

4

B P S
y=¢g () 3x3

(iii)
(iv)
)

(vi)

(fog)(x)=2(3x+4)—l=6x+7
(gof)(x)=3(2x—1)+4=6x+l
(f o g)(x)=y=6x+7. Interchange
the variables and solve for y :

x=6y+7:>(fog)_l(x)=€x—g

(g o f)(x) = y = 6x+1. Interchange
the variables and solve for y :

81.a.(i) f(x)=y=2x+3. Interchange the
variables and solve fory: x=2y+3=

PSS PR S

y=fn=gx-7

1) gx)=y= X -1 Interchange the
variables and solve for y: x = y3—l:>
y= g = e

(iii) (fog)(x)=2(x3—1)+3=2x3+1

(V) (gof)(x)=@x+3)*+1
=8x” +36x” +54x+26

) (fog)(x)=y=2x"+1.Interchange

the variables and solve for y :

x=2y3+1:>(fog)_1(x)=3‘fx7_l



Chapter 2 Review Exercises 181

(vi) (gof)(x)=y=8x"+36x>
+54x + 26.
Interchange the variables and
solve for y:

x=8y>+36y% +54y+26 =
x+1=8y> +36y% +54y+27 =
x+1=2y+3)° =2 Yx+1=2y+3=>

y=(g0f)" (=3 ¥r+1-

2.8 Critical Thinking

82. No. For example, f(x)= x> — x is odd, but it
does not have an inverse, because f(0) = f(1),
SO it is not one-to-one.

83. Yes. The function f = {(0, 1)} is even, and it
has an inverse: f_l = {(1, 0)}.

84. Yes, because increasing and decreasing
functions are one-to-one.

85.a. R={(-11),(0,0),(1,1)}
b. R={(-11),(0,0),(1,2)}

Chapter 2: Review Exercises

-3+3 1+11

1. False. The midpoint is ( >

2. False. The equation is a circle with center
(-2,-3) and radius /5.

3. True

): (0,6).

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. d(P,0)=\(-1-37+(3-57 =25

b. M=(3+(‘D,ﬂ)=(l,4>
2 2

1
—1-3 2

10.0. d(P.0)=y(3-(=3)* +(-1-57 =642

b. M=(_3+3,5+(_Dj=(0,2)
2 2
c. m= -1-5 =1
3-(-3)

1La. d(P,Q)= \/(9—4)2 +(-8—-(=3)2 =52

- =(4+9’—3+(—8))=(£’_Ej
2 2 27 2

C. m=m=_l
9-4

12.a. d(P.0)=+(-7-2) +(-8-3)* =202

- (uu)(zzj

2 2 2 2
-8-3 11
c. m=——=—
-7-2 9

Ba. D(P.Q)=\(5-2)% +(-2-(-7)* =34

b (22T (1)

2 2 2
5-2 3

1. d(P.0) =10~ (-5)% +(-3-4) =274
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15.

16.

17.

18.

19.

20.

w=(B0 4rD)(5 1)
2 2 22

~3-4 7
m=——=——

10-(=5) 15

0-5_ 5 0-(3 3

MBS0 3BT s

mygemcg =—1= AB 1L CB, so AABC is a
right triangle.

d(AB)=/(4-1)2+8-2)% =345
d(C,D)=10-7)% +(5- (-1)% =35
d(A.C) =712 +(-1-2)% =35
d(B.D) =(10-4)2 +(5-8)2 =35

The four sides are equal, so the quadrilateral is a
rhombus.

A=(-6,3),B=(4,5)
d(A,0)=(=6-0)> + (3-0)* = /45
d(B,0)=\[(4-0)> +(5-0)> =41
(4, 5) is closer to the origin.
A=(~6,4),B=(510),C=(2,3)
d(A,C) =2~ (=6))> +3-4)* =65
d(B.C)=+(2-5)%+(3-10)? =58
(5, 10) is closer to (2, 3).
A=(-5,3),B=(4,7),C = (x,0)
d(A,C) =(x— (=5)% +(0-3)2
=J(x+5%+9

d(B,C)=\(x—42 +(0-7)°
=\ (x—4)? +49
d(A,C)=d(B,C) =
Ja+5)2+9 = J(x—4)2 +49
(x+5)2+9=(x-4)2+49
x? +10x+34 = x* —8x+ 65

x:ﬂ: The point is 2,0 .
18 18

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- (22 +(y - (-1)?

=J(y+D2+4

21.

22,

23.

24.

25.

26.

27.

d(A,C)=d(B,C)=
Jo+22+9=y(y+1)* +4
(y+2)2+9=(y+D> +4
yi+4y+13=y2+2y+5
y =—4= The pointis (0,—4).

Not symmetric with respect to the x-axis;
symmetric with respect to the y-axis; not
symmetric with respect to the origin.

Not symmetric with respect to the x-axis; not
symmetric with respect to the y-axis; symmetric
with respect to the origin.

Symmetric with respect to the x-axis; not
symmetric with respect to the y-axis; not
symmetric with respect to the origin.

Symmetric with respect to the x-axis; symmetric
with respect to the y-axis; symmetric with
respect to the origin.

x-intercept: 4; y-intercept: 2; not symmetric with
respect to the x-axis; not symmetric with respect
to the y-axis; not symmetric with respect to the
origin.
y
10~

6_
\ x42y=4

L1 1
767472_8_ 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.

-7+

x-intercept: 0; y-intercept: 0; not symmetric with
respect to the x-axis; symmetric with respect to
the y-axis; not symmetric with respect to the
origin.
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—3
—4F+
-5
—6F
-7
-8+
-9

—10+

28. x-intercept: 0; y-intercept: 0; symmetric with

29.

30.

respect to the x-axis; not symmetric with respect
to the y-axis; not symmetric with respect to the
origin.

=

0~
SN
I

-2+
-3
—4F+
—5F

x-intercept: 0; y-intercept: 0; not symmetric with
respect to the x-axis; not symmetric with respect
to the y-axis; symmetric with respect to the
origin.

y

5

3 y—)c3
1_

I | I |
SIS = ?_1 3 5x
73_

_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.

-3 -2 -1 O\ 1 2 3 Xx

31.

32.

33.

34.

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.

—_

(N R =N

x-intercepts: —1, 1; y-intercept: 1; not symmetric
with respect to the x-axis; symmetric with
respect to the y-axis; not symmetric with respect
to the origin.

y
2_

I | \I I |
-5 -3 o 3 05X
72_

=1-x
o\
_5_
76_
-7+
78_

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

x-intercepts: —2, 2; y-intercept: —4; not
symmetric with respect to the x-axis; symmetric
with respect to the y-axis; not symmetric with
respect to the origin.
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y 40. Circle with center (-1, 3) and radius 4.
S|
y
~ | x+1D2+(y-3)%=16
3L
L |y=x*-4 -
1 L
[ VI T AR
=5 -3 Qa3 sk B
N L
sl | [
: 74w/1/2 3 4 X
3. (x-2)?+(y+3)?=25 41 224y —2x44y-4=0=
2 2
36. The center of the circle is the midpoint of the X -2xtltyTHdyta=4+ltd=

37.

38.

39.

5+(-5)
2

length of the radius is the distance from the

center to one of the endpoints of the diameter =

\/(5 - 0)2 +3- 2)2 = \/% The equation of the

diameter. M = ( + 2—;4j = (0, 3). The

circle is x2 +(y—3)% = 26.
The radius is 2, so the equation of the circle is
(x+2)2+(y+5%=4.

2 . .
2x-5y=10= gx— 2 =y. Line with slope 2/5

and y-intercept —2.

i_l=1:>5x—2y=102>§x—5=y. Line
25 2

with slope 5/2 and y-intercept 5.

(x— 1)2 +(y+ 2)2 =9. Circle with center
(1, =2) and radius 3.

X2+y*-2x+4y-4=0

42. 3x? +3y? -6x-6=0=x* -2x+y>=2=
x2-2x+1+yr=2+1= (x-1)2 +y2 =3,
Circle with center (1, 0) and radius \/5

YA X2 4+y*+4x+3=0

45. m

47. x=1

46. y=2

48.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;

5x—-3y+2=0= m=5/3. The slopes are
neither equal nor negative reciprocals, so the
lines are neither parallel nor perpendicular.
ax+by+c=0=m=-a/b,

bx—ay+d =0= m=b/a. The slopes are

negative reciprocals, so the lines are
perpendicular.

1 1
y 3()6 )=m 3

y—=5=3(x—3) = m=3. The slopes are
neither equal nor negative reciprocals, so the
lines are neither parallel nor perpendicular.

49. Domain: {-1, 0, 1, 2}; range: {1, 0, 1, 2}. This
is a function.

y
(=12
° 2
o, 1
10—
1,0
I (é)
-1 0 1 2 X
2, -1)
—1+ )

50. Domain: {0,3}; range: {-2, -1, 1, 2}. This is not

a function.
y
3,2)
2+ °
%o 1)
| | |
0 1 2 3 X
i
3,-2)
-2 [ ]

51. Domain: (—oo,0); range: (—oo,c0). This is a

function.

52. Domain: [2,0); range: [0,0). This is a

function.
y
A=
2= y=Vx-2
.
| L1
0 1 2 4 5

53. Domain: [-0.2,0.2]; range: [-0.2,0.2]. This is

not a function.

y
04

x2+y2=0.04

N
RN

|
2 04 x

54. Domain: (—oo,0]; range: [0, o). This is a

function.
y
sk
4
x=—\Vy 3

| | | |
-4 -3 -2 -1 0 X

55. Domain: {1}; range: (—ee,0). This is not a

function.

y
10—
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56. Domain: (—o,0); range: {2}. Thisis a 67. (fog)(3)=3(32 _2)+1= 2
function.
¥ 2
i 68. (gof)(-2)=(3(-2)+1)*-2=23
T 69. (fog)(x)=3(x*-2)+1=322-5
T 70. (gof)(x)=(Bx+1)"-2=9x>+6x-1
o i 71 (fof)(x)=3(3x+1)+1=9x+4
71_
2
) o 72. (gog)(x)=(x2—2) —2=x*—4x*+2
57. Domain: (—eo,o0); range: [0,o). This is a
function. 73. fa+h)=3(a+h)+1=3a+3h+1
y=lx+1| 2 2 2
74. gla—-h)=(a—-h)"—-2=a"-2ah+h" -2
b5 S = f() _ (Gt h)+1)-(x+1)
_|_|_|_|_|_ : h - h
o _3w43h+1-3x-1_3h _,
58. Domain: [1,o0); range: (—oe,0). This is not a - h T h
function. 5 5
! v, Stm gy (W7 -2)-6-2)
4r- x=y>+1 ’ h - h
2 X 4 2xh R -2 -x2 42
1411 , h
4 6 8 10 x
-2 =M=h+2x
h
;4_
77. Domain: (—eo,); range: {—3}. Constant on
59. F(-2)=3(2)+1=-5 (e, 2). ,
=
60. g(-2)=(-2)*-2=2 L L
-4 -2 0 2 4 54
6l. f(x)=4=>3x+1=4=>x=1 —1
=0) ) _
62. g(x)=2=x-2=2=x=142 N
_4_
63. (F+8)(1)= £+
= (B +1)+(1*-2)=3
78. Domain: (—ee,0); range: [-2,0¢). Decreasing

64.

(f-8)(-1)=f(=D-g(=D
=(3(-1)+1)- ((—1)2 - 2) -1

= (022} +1)=-2

on (—,0); increasing on (0, ).

y

Al

65. (f+2)(-2)=f(-2)+5(-2) 2 L
= (3-2)+1)+((-2)* =2)=-10 T e

i
66. (5+/)(0)=8(0)+f(0) ==y 'loj'/' s

|
w

|
N
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79.

80.

81.

82.

83.

84.

Domain: (—ee,); range: {—3}. Constant on
(—oo, oo)

y

5T g =V3x-2

4

3

2

1

Domain: [-6,6]; range: [0,6]. Increasing on
(=6,0) ; decreasing on (0,6).
y
h(x) = V36 — x*
4

2

[ |
8-6-4-20 2 4 6 8§ x

Domain: (—ee,); range: [1,o0). Decreasing on

(—=,0); increasing on (0, o).

(S N e N
I

x+1 ifx=0
—,x|‘+1 ifx <0

fo0-{

I Y I Y I |
-5 -3 -10 1 3 5%

Domain: (—eo,0); range: [0,e0). Decreasing on

(=0,0); increasing on (0, o).

y
10~
9_
8 _Jx ifx=0
7—g(")‘{x2 ifx<0
6
5_
4_
3_
2
1_
I I
-5 =3 -10] 1 3 5x

The graph of g is the graph of fshifted one unit
left.

1
—2—1|12345x

The graph of g is the graph of f shifted one unit
right, stretched vertically by a factor of 2, and
then shifted three units up.

— N W s W

1 1 1 1 L
54321

85. The graph of g is the graph of fshifted two units

right and then reflected across the x-axis.
y

86. The graph of g is the graph of f shifted one unit
left and two units down.

y
6
sk
0 4[]
s
2_
1k
LN NA 1
s —3@[1 3 5
73—
4

87. f(-0)=(-0*+(0*=x+x'=f(x)=
f(x) is even. Not symmetric with respect to the

x-axis; symmetric with respect to the y-axis; not
symmetric with respect to the origin.

88. f(-x)=(—x)’+(-x)=—x’—x=—f(x)=
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.
89. f(=x)=|-a|+3=[x]+3=f(0)=
f(x) is even. Not symmetric with respect to the

x-axis; symmetric with respect to the y-axis; not
symmetric with respect to the origin.
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9. f(—x)=-3x+5=f(0)U f(=x)= f(x) is
neither even nor odd. Not symmetric with
respect to the x-axis; not symmetric with respect
to the y-axis; not symmetric with respect to the

origin. £ 3 X\‘
91. f(~x)=vx# f(D)U f(=x)= f(x) is NN R L

. L -5 =3 —10[ 1\ 3N\U *
neither even nor odd. Not symmetric with -1 \
respect to the x-axis; not symmetric with respect
to the y-axis; not symmetric with respect to the

origin. 99. f(x) is one-to-one. f(x)=y=3/x—2.
92. f(-x)= 2 —f(x)= f(x) is odd. Not Interchange the variables and solve for y :

x=3y-2=y=x +2=F"'x).
symmetric w1th respect to the x-axis; not Y Y fo
symmetric with respect to the y-axis; symmetric sk
with respect to the origin.
93. f(x)=vx*-4= f(x)=(goh)(x) where
g(x)= \/; and h(x) = X2 -4,

9. g(x)= (x —x+2) :>g(x):(foh)(x) :
Wheref(x):x and h(x) = - x+2.

95. h(x)= 5 = () =(f 0 8)(x) where 100. f(x) is one-to-one. f(x)=y=8x"—1.

Interchange the variables and solve for y :

flx)= J}andgu)
+5 x:8y3—1:>y=3x—8+_1:>

96. H(x)=(2x-1)>+5= H(x) =(fog)(x) LS PSP,
where f(x) = x> +5 and g(x) = 2x—1. 2

97. flx)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

4 X
101. f(x)=y= x- 1 ,x # 2. Interchange the
x+2
variables and solve for y: x = y-l
y+2
98. f(x) is one-to-one. f(x)= y=—2x+3. Xy+2x=y-l=xy-y =2‘2x1‘1=>
T
Interchange the variables and solve for y : yx-h=-2x-1=y= o
1 1
X==2y+3=y=-Sx+to=f . y= 7w = 2 Domain of £+ (<0, 2) U

(2,00); range off (—oo U (,0e0).
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102. f(x)=y= 2 +13 ,x # 1. Interchange the
X—

2y+3 N
y—1
xXy—x=2y+3=xy-2y=x+3=
Yax-)=x+3= y=f"(x)= “;.
Domain of f: (—oo,1) U (1, 00);

range of f: (—o0,2) U (2, 0).

variables and solve for y: x =

103.a. A=(-3,-3),B=(-2,0),C=(0,1),D=(3,4).
Find the equation of each segment:

mAB:M:3.O:3(—2)+b:>b:6.
—2-(-3)
The equation of AB is y =3x+6.
Mpgc =i=l;b=l. The equation of
0-(=2) 2
1
BCisy=—x+1.
y=3x
4-1 .
mCD:§zl;b:1.Theequat1onof
CDisy=x+1.
So, 3x+6 if -3<x<-2

fx)= %x-&-l if —2<x<0

x+1 if0<x<3

b. Domain: [-3,3]; range: [-3,4]

c. x-intercept: —2; y-intercept: 1

d. y
(-3,4 S
i 3
f(=x) L
O, 1) 2,0
I | 11
-5 3 L0l 1 \3 5%
_3_
(3,-3)
_5_
e. )
qE
(-3,3) B
—fx) 1:
11 1 | I I |
- -3 0100, -1) 3 5x
(-2,0)
,3_
P R CAE)

by
] R
3w + 1

(72,1),/1‘_(0,2)
L1 L1

1 |
-5 =3/ -10 1 3

|
5Xx

71_
-3,-2) _3L
75_
by
ST e
I f+ 1)
-1
(=3,0 1+
[ | I |
-5 -10 1 3 5%
-4-3 L

—4
_s
3.6 °F
y
sk
| o(1.5.4)

2%@«)

_ 0, 1)

I I(II'IO)J./ [
-5 -3 f9_1 3 5%
(-15,-3*73

75_
y
5_
O

a0 o,

N an A NEEEE
-6 —-10[1 X
(=3, -6) -

75_

. fis one-to-one because it satisfies the

horizontal line test.
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51
4.3)
3_

I_

I I |

L1
-5 -3 7102/'\ 3 5%
—1t/ (1,0

0.-2)

-5

Applying the Concepts

104.a.

105.a.

106.a.

107.a.

25.95-19.2

25-10
19.2=0.45(10) + b = b =14.7. The equation
is P=0.45d +14.7.

rate of change (slope) = 0.45.

The slope represents the amount of increase
in pressure (in pounds per square inch) as the
diver descends one foot deeper. The y-
intercept represents the pressure at the
surface of the sea.

P =0.45(160) +14.7 = 86.7 Ib/in.?

104.7 = 0.45d +14.7 = 200 feet

173,000 — 54,000
223,000 - 87,000
=0.875. 54,000 = 0.875(87,000) + b =
b =-22,125. The equation is
C=0.875w-22,125.

rate of change (slope) =

The slope represents the cost to dispose of
one pound of waste. The x-intercept
represents the amount of waste that can be
disposed with no cost. The y-intercept
represents the fixed cost.

C =0.875(609,000) — 22,125 = $510,750

1,000,000 = 0.875w—22,125 =
w=1,168,142.86 pounds

At 60 mph = 1 mile per minute, so if the
speedometer is correct, the number of
minutes elapsed is equal to the number of
miles driven.

The odometer is based on the speedometer,
so if the speedometer is incorrect, so is the
odometer.

f(2)=100+55(2) - 3(2)2 =$198. She
started with $100, so she won $98.

b. She was winning at a rate of $49/hour.

c. 0=100+55t-3t> = (-t +20)(3t +5) =
t=20Ur=-5/3. Since 7 represent the
amount of time, we reject ¢ = —5/ 3. Chloe
will lose all her money after playing for 20
hours.

d. $100/20 = $5/hour.

108. If 100 < x <500, then the sales price per case is
$4 —0.2(4) = $3.20. The first 100 cases cost
$400.

4x if 0<x <100
f(x)=43.2x+80 if 100 < x <500
3x+180 if x > 500

109.a. (Lox)()=05 (1+o.oozz2)2+4

— 0.5v/0.000004¢* +0.004¢% +5

b. (Lox)(5)= 0.5\/(1 + 0.002(52))2 +4

=0.5{(1.05)% +4 = 0.5y/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+05t=1t=2p—-20..
x(®)=x(2p—20)
=5000+50(2p -20)+102p — 20)?
=40p2 —700p +8000, which is the
number of toys made at price p. The revenue
is p(40p2 ~700p + 8000) =

40p* —700p% +8000p.

Chapter 2 Practice Test A

1. 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
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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.

2. 0=x>(x-3)(x+)=>x=0Uux=3Ux=—1;

y= 02(0 —3)(x+1) = y =-3. The x-intercepts
are 0, 3, and —1; the y-intercept is 3.

X4y —2x—2y=2

4. 7=-1(2)+ b= 9 =0>. The equation is
y=-x+09.
7
5. 8x-2y=7T=> y=4x—5=> the slope of the
lineis 4. -1=4(2)+b= b =-9. So the

equationis y=4x-9.

6. (f2)(2)=r(2)+2(2)
=(-2(2) +1)(22 +3(2)+ 2)
= (=3)(12) = -36
7. g(f(2)=g2(D)-3)=g()=1-21)% =1

8. (fof)(x)=(*-2x)%-2(x*-2x)
=x* —4x +4x? - 207 +4x
=x*—ax® +2x% + 4x

9.a. f(-)=(-1D>-2=-3
b. f(0)=0-2=-2
¢ f=1-20)%=-1

10. 1-x>0= x<1;x must also be greater than or
equal to 0, so the domain is [0, 1).

11. x> +x-6>0= (x+3)(x—2)>0. Test the
intervals (—ee,—3],[-3,2], and [2, ).

12.

13.

14.

15.

16.

17.

18.

19.

20.

1.

The inequality is true for (—ee,—3] and [2, o),
so the domain is (—oo,—3]U[2,0).

f&@-f0) _2W+7)-(21+7)
4-1 3

f0=20° St

—X X2

flx) is even.

Increasing on (—<0,0) and (2,°); decreasing on
0,2).

Shift the graph of f three units to the right.

25=25-(2t-5)> =0=-(2t-5°=
0=2t-5=1t=5/2=2.5 seconds

2

2x+1
f)=y= al 3 Interchange the variables
X—

2y+1

y=3
xy=3x=2y+1l=>xy-2y=3x+1=
3x+1
x=2

and solve for y: x =

y(x=2)=3x+1= y=fl(x)=

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

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.
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w

10.

11.

12.

13.
16.

18.

19.

20.

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 _E = . 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(2-27)-5=1-3x". The

answer is B.

(fOf)()c)=2(2x2 —x)2 —(2x2 —x)
=8x* —8x> + x. The answer is A.
_1-(a-1) 2-a

= . The answer is C.
1+(a-1) a

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.

x2+6x-720= (x+7)(x—1)=0. Test the
intervals (—oo,—7],[-7,1], and [1,o0). The
inequality is true for (—ee,—7] and [1,0), so the
answer is B.

A 14. A 15. B
D 17. C

1-3x

f(x)=y=5+2x

. Interchange the variables
1-3y N

5+2y
Sx+2xy=1-3y=2xy+3y=1-5x
1o5x
2x+3

and solve for y: x =

y2x+3)=1-5x= y=f'(x)=
The answer is C.

w=>5x-190;w=5(70)—190 =160. The
answer is B.

50=0.2m+25= m =125. The answer is A.

Cumulative Review Exercises
(Chapters P-2)

l.a.

&

7.a.

11 1

-1 -1 e -
Xy Xy Xy 1
ey LT yEx xty

Xy Xy

2x2 +x—-15=(2x-5)(x+3)

X —2x2 +4x-8=x2(x—-2)+4(x—=2)
= (x> +4)(x-2)

J75 +4108 =192 =53 + 643 -8/3
=33

x-1 x=2 (x-Dx+2)—(x—-2)(x+1)
x+1 x+2 (x+1)(x+2)
_ (x2+x—2)—(x2—x—2)
B (x+D)(x+2)
_ 2x
C(x+D)(x+2)

L1 2-3 2-3 g
2443 2443 2-3 4-3

1 .\/§+2:\/§+2:\B+2
J5s-2 5-2 J5+2 5-4

3x-7=5=3x=12=x=4

L = 3 = There is no solution.
x—1 x-1

x2—3x=0=>x(x—3)=0=>x=Oux=3

2 43x-10=0= (x+5)(x-2)=0=
x==-5ux=2

12 1-4(2)(3) -

2x7 - x+3=0=>x=

2(2)
1++/-23 1+iv23
X=—= =

X
4 4

4x*-12x+9=0= (2x-3)> =0=>x=%
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8.a. x—6\/;+8=0=>(\/;—4)(\/;—2)=0:> 10.a. 2x-5<11= x<8= (—0,8)
Vr=4=x=16UVx=2>x=4 b. 3x+4>-5= x<3= (—0,3)
1)2 1 11.a. x(x—1)> 0. Solve the associated equation to
b. | x- P 10{ x - S +21=0. determine the intervals: x(x —1) =0 =
1, x =0uU x =1. The intervals to be tested are
Letu=x—;.u -10u+21=0= (—o0,0),(0,1), and (1,0).
wu-7Nwu-3)=0=u=7vu=3; Tost Value of
1 2 Interval Result
x——=T=x"-1=7Tx= point x(x—-1)
X
T+7% - (4)(-1 —o0,0 -1 2 +
X -Tx-1=0=x= 2()( )=> ( )
7+\53 1 0.1) 12 0.25 -
x=_—;x——=3=>x2—1=3x=>
2 X 1,0) 2 2 +
[22
22 -3x-1=0= x= 3£y37 4D N The solution set is (—o2,0) U (1,0).
2
3+ \/ﬁ ' ) b. (x—2)(x+1)<0. Solve the associated
= The solution set is equation to determine the intervals:
: 3 x-2)(x+D)=0=>x=2Uux=-1.
{7 V53 , 7+353 , 3-413 , 3t \/B} The intervals to be tested are (—oo,—1),
2z 22 (~1,2),and (2,).
9a. ix-1=2x-1=3x-1=2x-1)*= Test Value of
) ) Interval it (x=2)(x+1) Result
3x—1=4x"-4x+1=4x" -Tx+2=0=> pomn
. 7+ (=) = 4(4)(Q2) _ 7J_r\/ﬁ.1f (—o0,—1) 2 4 +
2(4) 8
/7 NE (-12) 0 -2 -
—~/17 / 7-~17 .
= P 3( 3 j— =(.281 while (2,0) 3 4 +
_ The solution set is (—1,2).
2(7 g/ﬁj —1=-0.281, so the solution set
12.a. = *l > 0. Solve the associated equations to
C7+17 X=
18 3 : determine the intervals: x—2=0= x=2,
and x+1=0= x=—1. The intervals to be
b. J=—x=2-2x+1 tested are (—eo,—1),(~1,2), and (2, o).
2 2
(\/l—x) =(2—\/2x+1) Test Value of
es
l1-x=4-4J2x+1+2x+1 Interval point x+1 Result
—4—3x=-42x+1 x=2
2
(~4-3x)" =(~4v2x+1) (—e0,—1) -2 1/4 +
16+ 24x+9x% =16(2x +1) 12 0 1 -
16+24x+9x% =32x+16
9x% —8x=0=> x(9x-8)=0 (2,0) 3 4 +

x=0Ux :% Check to make

sure that neither solution is extraneous. The
solution set is {0,8/9}.

The solution set is (—eo, —1) U (2, 0).
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x+1
(x=2)(x=5)
equations to determine the intervals:
x=2)(x=5=0=x=2uUx=5, and
x+1=0= x=-1. The intervals to be tested
are (—oo,—1],[-1,2),(2,5) and (5, =0).

< 0. Solve the associated

Value of
Interval ’l;eiiltt _ x+l  |Result
P (x=2)(x-95)
(—eo,—1] -2 1728 -
[-L2) 0 1710 N
(25 5) 3 _2 _
(5,0) 6 7/4 4

The solution set is (—eo,—1]U (2,5).

13.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=2x2=>-3.
The solution set is [-3, —2].

da. [2x-1<7=2x-1<7= x<4
or 2x—12 -7 = x> -3. The solution set
is [-3,4].

b. 2x-325=2x-325=x24o0r
2x—3<-5= x <-1. The solution set
is (o0, —1]U[4,00).

15. d(A.C)=\(2-5)%+2-(-2)* =5,

d(B,C)=+(2-6)* +(2—5) =5. Since the
lengths of the two sides are equal, the triangle is

isosceles.
16. y
2x+3y=0 3 2x-3y=0
2_
.
L1 L1
-3 -2 -1 1 2 3 X

17. 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.

18.

19.
20.

21.

22,

23.

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,
(5-2)2+3G+1)? =5 =37 +4? =5 (true
because 3, 4, 5 is a Pythagorean triple), and
6-22+2+1)?=5%=4%+3% =52 Since
all the points satisfy the equation, they lie on the
circle.

x2+y2—6x+4y+9=0:>
x2—6x+y2+4y=—9.

Now complete both squares:

X —6x+9+y +4y+4=-"9+9+4=>

(x—3)2 +(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=(4)+b = —8=>. The equation is
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.

The slope of the parallel line is the same as the
slope of the original line, 2. Now find the y-
intercept of the parallel line: —-1=2(2)+b =

b =-5. The equation of the parallel line is
y=2x-5.

The slope of the perpendicular line is the

negative reciprocal of the slope of the original

line. The slope of the original line is

7-(=D
5-3

is —1/4. The perpendicular bisector passes

through the midpoint of the original segment.

The midpoint is (% _12+ 7) =(4,3).

=4, so the slope of the perpendicular
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24.

25.

26.

27.

28.

29.

Use this point and the slope to find the y-

. 1 .

intercept: 3 = —2(4) +b = b=4.The equation
. . . 1

of the 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=> 2x-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
2. Use the slope formula to solve for x:
-7
—2:—3 3 =-2x-3)=4=x-3=2=
X—

x=5

w =

) =Vx+2+3

30.

31.

32,

33.a

C.

m )= —(x—12+4

1
=0)| 5
-3
—4—

Let x = the number of books initially purchased,
1650

X

and

= the cost of each book. Then x — 16

= the number of books sold, and 0 = 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 =

10x? —=160x — 26,400 = 0 =
X% —16x-2640=0= (x— 60)(x+44) =0 =
x =60U x = —44. Reject —44 because there

cannot be a negative number of books. So she
bought 60 books.

Let x = the monthly note on the 1.5 year lease,
and 1.5(12)x = 18x = the total expense for the
1.5 year lease. Then x — 250 = the monthly note
on the 2 year lease, and 2(12)(x — 250) =

24x — 6000 the total expenses for the 2 year
lease. Then 18x + 24x— 6000 = 21,000 =

42x =27,000 = x = 642.86. So the monthly
note for the 1.5 year lease is $642.86, and the
monthly note for the 2 year lease is

$642.86 — 250 = $392.86.

. The domain of 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=40+1-3=y=-2;0=vx+1-3=

3=+vx+1=9=x+1=8=x. The x-
intercept is 8, and the y-intercept is —2.

f(=h)=+-1+1-3=-3
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d. fx0)>0=>Vx+1-3>0=Vx+1>3=

x+1>9 = x> 8. In interval notation, this is

(8,00).
34.a. f(2)=—(2)=2;f(0)= 0%=0;
f(2)=2%=4
b. fdecreases on (—=,0) and increases on

(0,00).

y

sk

T [fo=2
fl)=—x
I
,2 L

35.a. (fog)(x)= 5=

1 1 x
2, 2-2x 2-2x
X X
Because 0 is not in the domain of g, it must

be excluded from the domain of ( fo 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

(fosg)
also. The domain of (f o g) is
(=o0,0) U (0,1) U (1, ).

:%:2:>x:1, so 1 is excluded
X

(80 f)(x)=—1—=20x-2) =204

x=2
Because 2 is not in the domain of f, it must be

excluded from the domain of ( gof )

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 (g o f) is

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



