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Chapter 1
Graphs

Section 1.1 () x-axis

Y
1.0 C=(3.4 55 A=(1 4

L ] — @
2. - E=(0,1)

¢ = - [N Y Y O

5 -5 - 5

3. x-coordinate; y-coordinate; quadrants - =(_f’ ) B

4. False; points that lie in Quadrant IV will have a -Sr

positive x-coordinate and a negative y-coordinate.

The point (~1,4) lies in Quadrant II. 9. The points will be on a vertical line that is two

units to the right of the y-axis.

5.d YA I
5 —
6. ¢ L ¢(2.4)
7. (a) Quadrant II B 20D
(b) X-axis B (2 0)
(c) Quadrant III Ly ’ P
(d) QuadrantI _5 3
(e) y-axis B (2,-1)
drant IV —
(f) Quadran C 123
YA =S 4
6 — D= (6, 5)
B * 10. The points will be on a horizontal line that is
A=(3,2) three units above the x-axis.
* [ B=0 y
I O .
% B 6 5
C= (725 72). — (_4: 3) (_2: 3) (13 3) (5: 3)
E=(0,-3)% . e >
_ F=(6,-3) 0,3
o IR B B AR R
-5 B 5
8. (a) QuadrantI —
(b) Quadrant III —
(¢) Quadrant II -5
(d) Quadrant I
(e) y-axis

11. (—1, 4) ; Quadrant II

12. (3, 4); Quadrant I

13. (3, 1); Quadrant I

1
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Chapter 1: Graphs

14.

15.

16.

17.

18.

19.

20.

(=6,—4) ; Quadrant III

X min =-11
X max =5
X scl=1

Y min = -3
Ymax =6

Y scl=1

X min =-3
X max =7
X scl=1

Y min =4
Y max =9

Y scl=1

X min =-30
X max =50
X scl=10
Y min =-90
Y max =50
Y scl=10
X min =-90
X max =30
X scl=10
Y min =-50
Y max =70
Y scl=10
X min =-10
X max =110
X scl=10
Y min =-10
Y max =160
Y scl=10
X min =-20
X max =110
X scl=10
Y min =-10
Y max = 60
Y scl=10

21.

22,

23.

24,

25.

26.

2

X min = -6
X max =6
X scl=2
Y min =4
Y max =4
Y scl=2

X min = -3
X max =3
X scl=1
Y min = -2
Y max =2
Y scl=1

X min = -6
X max =6
X scl=2
Y min = -1
Y max =3
Y scl=1

X min =-9
X max =9
X scl=3
Y min =-12
Y max =4
Y scl=4

X min =3
X max =9
X scl=1
Y min =2
Y max =10
Y scl=2

X min =-22
X max =-10
X scl=2

Y min =4

Y max =8

Y scl=1
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Section 1.1: Graphing Ultilities; Introduction to Graphing Equations

y=x-x

0=0*-0 1=1"-VI 0=(D'-V-1
0=0 1#0 0=1-+-1

(0, 0) is on the graph of the equation.
y=x"-2Jx

0=0"-2J0 1=P-2d1 -1=1-21
0=0 1#-1 “1=-1

(0, 0) and (1, —1) are on the graph of the
equation.

y2 =x*+9
32=0"+9 0*=3*+9 0% =(-3)*+9
9=9 0=18 0#18
(0, 3) is on the graph of the equation.
y3=x+1
2 =1+1 P=0+1 0 =-1+1
8+2 1=1 0=0

(0, 1) and (-1, 0) are on the graph of the
equation.

x2+y2=4

0°+22=4 (-2)’+2%=4 2742 =4
4=4 8=4 4=4

(0, 2) and (\/5, \/5 ) are on the graph of the

equation.
x2+4y2:4
0’447 =4 224+4.0°=4 22+4(1) =4

4=4 4=4 52+4
(0, 1) and (2, 0) are on the graph of the equation.
(7]9 0)9 (]s 0)
O, 1)

T Y
o) 3o

(-2, 0), (2, 0), (0, -3)

(10). (0.2), (0.-2)

(2,0, (0, 2), (2, 0), (0, -2)

3

39. (4,0), (-1,0), (4,0), (0, -3)

40. (-2,0),(2,0), (0, 3)

41. y=x+2

42. y=x-6
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Chapter 1: Graphs

44. y=3x-9 48. y=—x>+1

49. 2x+3y=6
45. y=x"-1 Y4

(0.-1) B
- 5:
’ 50. 5x+2y=10
46. y=x>-9
y Y
6 (0,5)

L1111 |(2'|0)||.3_C
=5 5
5
47. y=—x*+4 5
51. 9x° +4y=36
YA
A
(0,9)
6_
3_
2.0/ L \eo x
2,0 2.0 -1 1
|( ) 1 ( )I o / 3L \
-3 J ¥ 3
3 6

4
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Section 1.1: Graphing Ultilities; Introduction to Graphing Equations

52. 4x*+y=4 55. y=2x"-15
y 10

|/
)
r 1,0
_gof [\
-3 3

A
/

th

20
53. y=2x-13
5

5 [ ‘,_-r"’-. 1C EEEE.PBBEI.B =i

fr=zn=-1t

CRba
W=z zEE1zE V=0

N/

) =0 W=-i5
The x-intercepts are x =—2.74 and x=2.74.
T=Ea-17
d F 2 The y-interceptis y =—15.
56. y=-3x>+19
LﬁiE?’s"f w=i H=d - W=-13 2
The x-intercept is x = 6.5 and the y-intercept is
y=-13.
54, y=-3x+14 -5 5
et [
—10
—10 |22 aaas [ve \I\ Rettlesiae fr=s

1="3isdh fri=-Taz+18

EETE \ L (‘r l\‘ll
H=Y.BEEERET V=i H=i ¥zih =0 ¥=19
The x-intercept is x =4.67 and the y-intercept is The x-intercepts are x =-2.52 and x=2.52.
y=14. The y-interceptis y =19.

3x—-43
2

57. 3x-2y=43 or y=

5
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Chapter 1: Graphs

10 1S0-ERZ+E7 2

L:I:l j V=12.233323

The x-intercepts are x=-2.72 and x=2.72.
The y-interceptis y =12.33.

L
S
N

35
1=0EH-4E0CE 2 _
i 60. 2x>-3y=35 or y:ZXT%
/ 15
I:igia.ﬂﬂﬁ V=i :-::u'/j ¥=-ELE \ /
The x-intercept is x =14.33 and the y-intercept 10 10
is y=-215.
58. 4x+5y=82 or y— 182
5 20

[ LA
an VY

2&F
—10 [ 3C [E=-wimzz  lv=o i

[A=ten=—3517% /
" \
x\ =0 -HRe B \T/
\ |#=n ¥=-11.EEGET

The x-intercepts are x =—4.18 and x=4.18.

F
41833001 1v=0

Zarn The y-interceptis y =—11.67 .
|Ezz.s . ¥zi Hzd ¥z16.4
The x-intercept is x =20.5 and the y-intercept is L L
y=164 61. If (2, 5) is shifted 3 units right then the x-
coordinate would be 2+3. If it is shifted 2 units
5 5% 4137 down then the y-coordinate would be 5+ (-2) .
59. S5x"+3y=37 or y= 3 Thus the new point would be
20 (2+3,5+(—2)):(5,3).

62. If (—1,6) is shifted 2 units left then the x-
coordinate would be —1+(-2). If it is shifted 4

th

units up then the y-coordinate would be 6+4 .
Thus the new point would be
_10 (-1+(=2),6+4)=(-3,10) .

63. a. 25 feet

/\ /-\\ b. 23.2 feet; 34.1 feet

Zkba \ E-zr'n:-'lll. ’\-
E:'E..‘-‘EUEBH F=n Wz FEnzayl 1v=n

6
Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

64.

65.

66.

67.

68.

69.

70.

Section 1.1: Graphing Ultilities; Introduction to Graphing Equations

(0,6), The shot is released at a height of 6
feet; (48.7, 0), the shot hits the ground after
traveling a horizontal distance of 48.7 feet.

20 meters
12 seconds; 36 meters

(0, 2), The discus is released at a height of 2
meters; (18, 0), the discus hits the ground
after 18 seconds.

$19.95; $19.95
$182.45

(0, 19.95), The membership plan costs
$19.95 per month.

1.5 miles
1 mile
(0, 2), Caleb’s friend lives 2 miles from his

house; (28, 0), it takes Caleb 28 minutes to
ride home.

(-1,0),(1,0),(0,-1),(0,1)

(-2,0),(3,0),(0,-2),(0,0),(0,2)

Answers will vary

a.

i
5_
L v =vxI
~ y=|x|
L1111 INA 1111
-5 B 5
S+

YA
5_
B y=x
Ll i1 A
-5 | 5
-5+
YA
8_
- 2
- y={x)
LA i1 i
-2 8
i, )

b. Since x? =|x| for all x, the graphs of

y:\/?andy:|x| are the same.

2
¢. For y= (\/; ) , the domain of the variable

x is x20; for y=x, the domain of the

variable x is all real numbers. Thus,

(\/;)2 = x only for x > 0.

d. For y= x/xz , the range of the variable y is
y20;for y=ux, the range of the variable

y is all real numbers. Also,

Jx? = x only if x> 0.

71. Answers will vary 72. Answers will vary.
A complete graph presents enough of the graph
to the viewer so they can “see” the rest of the
graph as an obvious continuation of what is
shown.

73. Answers will vary.

7
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Chapter 1: Graphs

Section 1.2

1.

10.

11.

12.

13.

14.

15.

16.

VP +42 =25=5

117 +60° =121+3600=3721=61>

Since the sum of the squares of two of the sides
of the triangle equals the square of the third side,
the triangle is a right triangle.

(0.0)
1
Ebh

true

midpoint

False; the distance between two points is never
negative.

X\ +X Yyi+y,
True; M =| =2 =12
rue ( 3 3

a

d(B,B) =\(2-0)* +(1-0)’
o e BN

d(B,P,) =(-2—0)? +(1-0)’

=~/(—2)2+12 =J4+1=+5

d(B,P) =(2=1 +(2—1)

=3 +12 =OF1 =410

d(B.P)=(2-(-D) +@2-1)
=3 +12 =0+1 =410

d(R.P) = \[(5=3 +(4—(~4))
=«f22 +(8)" =4+ 64 =68 =217

d(R.Py) =[(2=(~1)) +(4-0)
=~/(3)2+42 =J9+16 =25 =5

8

17.

18.

19.

20.

21.

22,

23.

24.

25.

d(R.Py) = \(4-(=D) +(0-3)

= 112 +(-3)? = 12179 =130

d(R.P)=\(4-2) +(2-(-3))

22 +5% =J4+25=29

d(B,P) =\[(6-57 +(1-(-2))"

=2 +32 =119 =10

d(P.P) = \/(6—(—4))2 +(2-(3))
—10% +5% =100+ 25
=125 =55

d(P.,P) = \/(2.3—(—0.2))2 +(1.1-0.3))

=252 +0.8> =625+ 0.64
=.6.89 ~2.62

d(R,F) = \/(—0.3—1.2)2 +(1.1-2.3)

= 4/(—1.5)2 +(=1.2)> =2.25+1.44

=+/3.69 =1.92

d(P,P) =0~ a)* +(0-b)?
= J(=a)? +(=b)* =\Ja* +1?

d(P,P) =0~ +(0-a)

a7

—a? +a® =\2a® =|a |2
A=(-2,5), B=(13), C=(-10)
d(A,B) = \[(1-(-2))" +(3-5)°

=3 +(27 =Pr4=13
d(B,C) = [(-1-1) +(0-3)

= J27 + (37 = Va9 = i3
d(4,0) = \(-1-(-2))" +(0-5)’

=P+ (-5 =\1+25 =26
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y
A=(-2,5 a5
B=(1,3)
C=(-1,0
||(|’|)_ [
-5 5
=5

Verifying that A ABC is a right triangle by the
Pythagorean Theorem:

[d(A,B)] +[d(B,O)] =[d(A,O)]

(VI3) +(+13)" =(v26)
13+13=26

26=26
1

The area of a triangle is A = §~bh . In this

problem,
A= %.[d(A,B)Hd(B, 0)]

=%.\/ﬁ-\/1_=%~13

= 123 square units

26. A=(-2,5), B=(12,3), C=(10,-11)

d(AB) = [(12-(-2))" +(3-5)’
=196 +4 =200
=10V2

d(B,C) = [(10-12)" +(~11-3)
=4+196 =200
=142

d(A,0) = [(10-(-2))’ +(~11-5)?
=122+ (=167

J1445 256 = /400

20

Section 1.2: The Distance and Midpoint Formulas

27.

A
A= (=2, S)T‘S: B=(12,3)
L1 1 m| o5
— B 14
=001

Veritfying that A ABC is a right triangle by the
Pythagorean Theorem:

[d(A,B)] +[d(B,O)] =[d(A,0)]
(10\/5)2 +(10J§)2 =(20)*
200+ 200 =400
400 =400
The area of a triangle is A = %bh . In this
problem,

A= %-[d(A, B)]-[d(B,C)]

=l~10\/§~10\/§

2

- %.100. 2 =100 square units

A=(=5,3), B=(6,0), C=(5,5)
d(A,B) = (6—(=3)) +(0-3)

=11 +(=3)> =J121+9

=410

102422 = J100+4
V104
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Chapter 1: Graphs

6F C=(5)

-6 - B=(6,0) 6
P P B=(3,-5)
Verifying that A ABC is a right triangle by the Verifying that A ABC is a right triangle by the
Pythagorean Theorem: Pythagorean Theorem:
[d(A,OT +[d(B,0)] =[d(A,B)] [d(A,O)T +[d(B,O)] =[d(A,B)]
(\/104)2 +(J%)2 =(\/130)2 (\/E)2 +(2\/§)2 =(\/145)2
104 +26 =130 29+4-29=145
130=130 29+116=145
The area of a triangle is A = %bh . In this 145 =145
problem, The area of a triangle is A = %bh . In this
:%[d(A, C)]-[d(B,C)] problem,
1
=—:|d(A,C)|-|d(B,C)
:%.ﬂ/104.\/% ) [ ] [ ]
1 \/_
=--729-2429
- %.24%. J26 2
| = %.2 .29
=5 2.26

=29 square units
= 26 square units

29. A = (4, _3), B = (0, _3)9 C = (43 2)

28. A=(-6,3), B=(3,-5), C=(-1,5)
d(A,B) = \/(0—4)2 +(-3-(-3)

d(A,B)=(3-(-6))" +(-5-3)°

—a/(—4)2+02 J16+0
= J97 +(-8)? = JBl+ 64
=16
145 :;/_
d(B,C)=\/(—1—3)2+(5—(—5))2 d(B,C) = J(4-0)’ +(2-(-3))
= J=4)? +10% =16 +100 —J42 152 = J16525
116 =229 ~ a1
d(A.C)= (-1~ (-6)) +(5-3) d(A,C):\/(4 4% +(2-(-3))
=52 422 =25+4 02+5% =J0+25
=429

Il
()]
ﬁ
(9}

10
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30.

YA
5_
- C=412)
— p
L |/ L ¥
-5 L 5
B=(0,-3)&
- A=(3,-3)
-5+

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:

[d(A,B)] +[d(A,O)] =[d(B,O)]

42+52=(\/H)2
16+25=41
41=41

The area of a triangle is A = %bh . In this

problem,
1
= §~[d(A, B)]-[d(A,0)]
1
=5 4.5
=10 square units

A=(4,-3), B=(4,1), C=(2,1)
d(A,B) = \j(4—4)2 +(1-(=3))

d(B,C)=(2-4)" +(1-1)
= (=22 +0* =440
=
=2
d(A,C) = \[(2—4)2 +(1-(=3))
(-2)2 +4% =J4+16
-3
=25

2

Section 1.2: The Distance and Midpoint Formulas

31.

32.

YA
5_
- C=@, 1
-\ B=@41)
L o N =
-5 B \5
L A=@,3)
5+

Verifying that A ABC is a right triangle by the
Pythagorean Theorem:

[d(A,B)] +[d(B o =[d&,0T

2427 =(25 )
16+4=20
20=20
The area of a triangle is A = %bh . In this problem,

:%.[d(A,B)Hd(B,C)]

1
=—.4.2
2

=4 square units
The coordinates of the midpoint are:

NERE R
(X,)’)—( 2 k) 2 )

(3+5 —-4+4
L2 2

9

=(4,0)

The coordinates of the midpoint are:

(x y)z(xﬁ'xz y1+y2]

2 2
_(—2+2 O+4J
7
Z(Q i)
2’2
= () )
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Chapter 1: Graphs

33. The coordinates of the midpoint are:

[\t ity
(x,y) (—2 T j

_(-1+8 4+0
L2 72
_(7 4
2°2
7
=<2
5]
34. The coordinates of the midpoint are:

[t Nty
(x,y)—(—2 T ]

(2+4 -3+2
272

(61
2’2
1

=|3,-=

(3]

35. The coordinates of the midpoint are:

_ xl+x2 yl+y2
(xvy)_( 2 ) 2 j

_ 7+9 -5+1
27 2

_(16 -4
272

=8,-2)

36. The coordinates of the midpoint are:

_[xtX nt»
(x’)’)—[ 2 0 2 j

(=442 -3+2
L2 72
N
L2702

1
(4

37. The coordinates of the midpoint are:

[\t it
(x’Y)—( 2 ) 2 j

:a+0b+0
2 72

44

[(ORESY

38. The coordinates of the midpoint are:

x y):(xl+x2 y1+y2j

2 2
:a+0a+0
27 2
_|a a
2’2

39. B =(13);p=(515)

=160 = 4410

The coordinates of the midpoint are:

[\t X ity
('x’y)_[ 2 ) 2 j

_ (145 3+15
L2702

(618
\272

=39

40. B =(-8-4);p=(2.3)

d(m) J2-(-8)7 +(3-(-4))

=100 +49

=4/149
The coordinates of the midpoint are:

x y):[x1+x2 y1+y2j

2 2
_( —8+2 4+3j
B
272

1
= 3——
=)
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41. B =(-4,6):P, =(4,-8)
d(B.B)=\(4-(-4)) +(-8-6)’
- 1[(8)2 +(-14)°
=J64+196
=260 =265

The coordinates of the midpoint are:

(x y):[xl“sz )’1+sz

2 2
(—4+4 6+(-8)
L2 7 2
_(0 =2
272

=(0,-1)

42. B =(0,6);P, =(3,-8)

d(R.B,)=(3-0)" +(-8-6)"

=\(3)" +(-14)°
~9+19%
=205

The coordinates of the midpoint are:
(X, Yty
(x’ y ) - ( 2 ’ 2 j

_[(0+3 6+(8)
L2 2

_(3 2
272
3
= =, —1
e
43. a. If we use aright triangle to solve the
problem, we know the hypotenuse is 13 units in

length. One of the legs of the triangle will be
2+3=5. Thus the other leg will be:

52 +b* =137
25+b> =169
b* =144
b=+12

Thus the coordinates will have an y value of
—1-12=-13 and —1+12=11. So the points

are (3,11) and (3,—13).

Section 1.2: The Distance and Midpoint Formulas

b. Consider points of the form (3, ) that are a
distance of 13 units from the point (—2,-1).

d :\/(xz _x1)2 +(y -0 )2
={(3-(2))" +(-1-»)
=\(5) +(-1-y)
iy

Yseyen

13=y* +2y+26

2
13? =(«/y2+2y+26)

169 = y* +2y+26
0=y*+2y-143
02(y—11)(y+13)
y—11=0 or y+13=0
y=11 y=-13
Thus, the points (3,11) and (3,-13) are a

distance of 13 units from the point (—2,-1).

44. a. If we use aright triangle to solve the
problem, we know the hypotenuse is 17 units in
length. One of the legs of the triangle will be
2+6=38. Thus the other leg will be:

82 +b% =17>
64 +b* =289

b* =225
b=+15

Thus the coordinates will have an x value of
1-15=-14 and 1+15=16. So the points are

(—14,—6) and (16,—6).

b. Consider points of the form (x,—6) that are

a distance of 17 units from the point (1,2).
d=\(xy-5) +(32-n)
== +(2=(-6))
=214 (s)
P —2x+1+64
=i -2x+65

13
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Chapter 1: Graphs

17 = x> —2x+ 65
2
172 = («\/x2 Cox+ 65)

289 = x> —2x+65

d:\/(x2—x1)2+(y2—y1)2
=40 +(3-»)
:\/42+9+6y+y2

2
OZEC _ZXE224 = J16+9+6y+y’
0=(x+14)(x—16) 5
:\/ +6y+25
x+14=0 or x-16=0 Y Y
x=-14 x=16 6=y’ +6y+25

Thus, the points (—14, —6) and (16, —6) are a
distance of 13 units from the point (1,2).

2
6> = (Jyz +6y+25)

36=y? +6y+25

45. Points on the x-axis have a y-coordinate of 0. Thus, 0= yz +6y-11
we consider points of the form (x,O) that are a >
distance of 6 units from the point (4,—3) . y= (=6) (6;(1) 41D
2 2
d:\/(xz_xl) +(y2—n) _—6i\/36+44_—6i\/8_0

= J(4=x)* +(-3-0)’
:\/16—8x+x2+(—3)2
¥ —8x+25

2 2
:ﬁ:_g‘izﬁ

y=-3+2J5 or y=-3-25
Thus, the points (0, -3+ 2\/5) and (O, -3-— 2\/3)

are on the y-axis and a distance of 6 units from the

6=x* —8x+25 ]
5 point (4,—3).
6 =(\/x2—8x+25)
36 = x> —8x+25 47. For the x coordinate of B: 2 _5
0=x"-8x—11 2+x, =10
—(-8) £/(-8)* —4(I)(-11) % =8
X =
20 1+,
:8i 64+44:8im FortheycoordmateofB:T=4
2 2 I+y, =
:816\/5:4&3\/5 ¥ =17

2
x=4+33 or x=4-33
Thus, the points (4+3\/§,0) and (4—3\/5, 0) are
on the x-axis and a distance of 6 units from the
point (4, —3).
46. Points on the y-axis have an x-coordinate of 0.
Thus, we consider points of the form (0, y) that

are a distance of 6 units from the point (4,-3).

48.

Thus, the point B is (8,7)

Let the coordinates of point B be (x, y) . Using

the midpoint formula, we can write
(2,3)= “ltx 84y
2 2

This leads to two equations we can solve.

14
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49.

50.

51.

—1+x:2 8+y=3
2 2
-l+x=4 8+y=6
x=5 y=-2

Point B has coordinates (5,—2) .

M:(x,y):(xl+x2,y'+y2).

2 2
B =(x,y)=(-3,6) and (x,y)=(~14), 50
X tX N+
S W d -2
> an y 3
3+x 6+y
_1: 2 4: 2
2 2
—2=-3+x, 8=6+y,
1=1x, 2=y,

Thus, P, =(1, 2).

M :(x,y):(w_%,u)_

2 2
P, =(%,,¥,)=(7,-2) and (x,y)=(5,—4), so
:_x1-|2—x2 and y= yl"z')’2

X +7 y+(=2)

5= g
2 2

10=x+7 8=y, +(-2)
3=x 6=y

Thus, , =(3,-6) .

(]
@)}

The midpoint of AB is: D = ( ki

9+0
2

3

(
Eo
(

N‘+ 'o t\.)‘

The midpoint of AC is: E

(e
N |+
N
N—

2,2

~—

+
~
e}
N |+
N
N

The midpoint of BC is: F

l\)l\)

5,

(

d(C,D)=\(0-4) +(3-4)

= Je4? 1) =61 =17

15

Section 1.2: The Distance and Midpoint Formulas

52.

53.

d(B.E)=\(2-6)" +(2-0)

—Jca7 27 =6+
=J20 =25
d(AF) = ,/(2—0)2 +(5-0)2
5
Let B =(0,0), P, =(0,4), P=(x,y)
d(B. B)=[0-0) +(4-0)
=Jl6=4
d(B, P)=(x=0)*+(y—0)’
=Pyt =4
- +y’ =16
d(Py. P)=(x=0)* +(y—4)?

- X +(y-4)*=16
Therefore,
2
¥ =(y-4)
y* =y -8y +16
8y=16
y=2

which gives
x> +27 =16

X =12

x= -_FZ«E

Two triangles are possible. The third vertex is

(—2\/5, 2) or (2J§, 2).

d(B.By)=(-4-2) +(1-1)?
- Jcor+07
=4/36
=6
d(Py, Py) = [(—4=(=4)) +(=3-1)?
= 0?4 (-4
=16

4
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Chapter 1: Graphs

d(B,P) =\(—4-2)> +(=3-1)

=67 +(-4y
=J36+16

Since [d(R,B)] +[d(B.B)| =[d(R.B)] .

the triangle is a right triangle.

54. d(R.P) = (6-(-D) +(2—4)’
=\49+4
=53
d(Py,B)=+/(4-6)" +(-5-2)

=2+

—_

&I.l;f-\

w4+
N
©

d(R.P) = \[(4=(-D) +(-5-47

= 452 +(=9)?
=25+81

=+/106

since [d(B,P)* +[d(B. B)* =[d(R. BT,

the triangle is a right triangle.

Since d (R, P,)=d(P,, Py), the triangle is

isosceles.

Therefore, the triangle is an isosceles right

triangle.

55. d(P.P)= \/(0—(—2))2 +(7-(=D)
248 = Ja+64 = /68
=217

d(Py, P) = [(3-0)" +2-7)

=32 +(=5% =0+25
-5

56.

57.

d(BP)=\[3-(2)’ +(2-(-D)’

=52 +3> =25+ 9
= \/3_4
Since d(P,, B)=d(F,B) , the triangle is
isosceles.
. 2 2 2
Since [d(R. B)]' +[d(B. P)]" =[d(B.B)],
the triangle is also a right triangle.

Therefore, the triangle is an isosceles right
triangle.

(R, P) =(~4-T7) +(0-2)’

= «/(—1 )2 +(=2)%
=\121+4 =125
=55

d(Py, By) = [(4— (-4 +(6-0)
V82 +6? = (6436
=100
~10

d(R.P)=\|(4-7) +(6-2)
=3 47 = o716
=25
=5

Since [d(R,R)]" +[d(B, B)] =[d(R, BT,

the triangle is a right triangle.

Using the Pythagorean Theorem:
90% +90* = d*
8100+8100 = d*
16200 = d*
d =16200 = 90+/2 ~127.28 feet

90, 90

90 90
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58. Using the Pythagorean Theorem:
60% +60* = d*
3600+3600 = d* — 7200 = d*
d =7200 = 602 ~ 84.85 feet

60, 60

60 60

59. a. First: (90, 0), Second: (90, 90),
Third: (0, 90)

(0,90) (90.90)

X

(0,0) (90.,0)
b. Using the distance formula:
d = \(310-90)? + (15-90)?

= 220> + (-75)* = 34025

=52161 =~ 232.43 feet

c¢. Using the distance formula:
d= J(300—0)2 +(300-90)2

=300% +210% = 134100

=304149 ~366.20 feet

60. a. First: (60, 0), Second: (60, 60)
Third: (0, 60)

Y(0,60) (60.60)

(0,0) (60,0)

Section 1.2: The Distance and Midpoint Formulas

b. Using the distance formula:
d= \/(1 80— 60)° + (20— 60)>

= «/1 20 +(=40)? = /16000

= 4010 ~126.49 feet

c¢. Using the distance formula:
d = (220-0)* +(220-60)>

= 220% +160* = /74000

=204/185 ~ 272.03 feet

61. The Focus heading east moves a distance 60¢
after + hours. The truck heading south moves a
distance 45t after ¢ hours. Their distance apart
after ¢ hours is:

d = J(60r) + (451)°
= /360072 + 202512
= /562512

=75t miles
60t

15 miles ] 5280 ft ) 1hr
1hr 1 mile 3600 sec

d = 1002 +(221)’

= 10000 + 4841 feet

62. =22 ft/sec

22t

100 d

63. a. The shortest side is between P, =(2.6,1.5)
and P, =(2.7,1.7) . The estimate for the
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Chapter 1: Graphs

desired intersection point is: 5 >
d(B.B)=y(x,—x) +(y, -
(x1+x2 y1+y2j_(2.6+2.7 1.5+1.7j (7. 7) \/( 2~4) (02 -0)
2 2 2 T2 — J(a=0) +(0-0) =Va* =[d
53 32 2 2
:(T’TJ d(Pz,P3)=\/(x2—xl) +()’2_)’1)
=(2.65,1.6) a YV (Ba Y
- [_ _aj H[ By
b. Using the distance formula: 2 2
d =(2.65-1.4)? +(1.6-1.3)° JEREYER
S G Y SN
= «/(1.25)2 +(0.3)2 4 4 4
=1.5625+0.09 d(ﬁ,Pg.)=\/(x2—x1)2+(y2—y1)2
=+/1.6525 2 2
1.285 uni =|l2-0] + \/§a_0
~1.285 units ) )
64. Let B =(2018,232.89) and 2 342 40> >
P, = (2022, 513.98) . The midpoint is: =7t =\ Ve =l
[ xtx vty Since the lengths of the three sides are all equal,
(x, Y ) - ) the triangle is an equilateral triangle.
The midpoints of the sides are
2018+2022 232.89+513.98
= , 0+a 0+0 a
2 2 Mpp =| —,—— |=| =.0
12 2 2 2
_ (4040 746.87]
272 B
a 3a
Z 3a N3a
=(2020,373.44) Mpp = 72 _0+ 2 {I’ J; ]
The estimate for 2020 is $373.44 billion. The 2 2
estimate net sales of Amazon.com’s e-service in
2020 is lower than the reported value of $386.06 a »\/ga
e 0+— 0+——
billion. M. = ) 2 | _|a a
A =1 0 T g
65. For 2008 we have the ordered pair
(2008,21211) and for 2022 we have the ordered
Then,
pair (2022,29417) . The midpoint is
2 2
2008+2022 21211+29417 3a a a
(Year, $) ( 2 ) 5 j ( RP, Pzps) \/( 4 2) { 4 J
4030 50628 N 2
- ( 27 2 j - (ﬁj L[ Ba
4 4
=(2015,25314)
The estimate for 2015 is $25,314 billion. The _ |@® 3d® _|d|
estimate loan debt of an average student for a 16 1 2

university graduate in 2015 is lower than the
reported value of $29,289 billion.

66. Let £, =(0,0), P, =(a,0), and

P :[g,%j . Then

2

18
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67.

68.

_ fa2 _ldl
N4 2
2 2
3

faZ 3a’ |a|
= |—+— ="
16 16 2

Since the lengths of the sides of the triangle
formed by the midpoints are all equal, the
triangle is equilateral.

Let A :(0,0), P, :(O,s), P, :(s,O),and

P, =(s,5) be the vertices of the square.

y

(OF] (59
(s0)

(0,0) x

The points A and P, are endpoints of one
diagonal and the points P, and P, are the
endpoints of the other diagonal.

O+s O+s s S

M =l —,— |=| ==
hf ( 27 2 ] (2 2}
O+s s+0 s S

M = . = —,—
Bh ( 27 2 j (2 2)

The midpoints of the diagonals are the same.
Therefore, the diagonals of a square intersect at

their midpoints.

Let P= (a, 2a) . Then

19

Section 1.2: The Distance and Midpoint Formulas

J(a+5) +(2a-1) = \[(a=4)’ +(2a+4)’
(a+5) +(2a-1)" = (a-4)’ +(2a+4)’
5a° +6a+26="5a" +8a+32
6a+26=8a+32

—2a=6
a=-3
Then P=(-3,-6).

69. Arrange the parallelogram on the coordinate
plane so that the vertices are

R :(O,O),P2 =(a,0),P, =(a+b,c) and P, = (b,c)
Then the lengths of the sides are:

d(P., P, =(a=0)’ +(0-0)’
= =|d

d(P,,P,) = \/[(a+b)—a]2 +(c-0)’
= \/b2 +c?

(PP = \[[b—(a+B)] +(c=c)’

—\a® =|d

and

d(B.P) =\(b—0)" +(c—0)’
:«/bz +c?

B and P, are the endpoints of one diagonal, and
P, and P, are the endpoints of the other
diagonal. The lengths of the diagonals are

d(P.P) =\[[(a+b) =0T +(c-0)’

:«/a2 +2ab+b* +c?

and

d(Py, P) = \[(b-a)* +(c—0)" .
=\/a2 —2ab+b* +¢?

Sum of the squares of the sides:
a>+(Wb* +c2)? +a* + (B> +c2)?
=2a* +2b* +2¢°

Sum of the squares of the diagonals:
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Chapter 1: Graphs

2 2 Vi y=x+2
(\/a2+2ab+b2+cz) +(\/a2—2ab+b2+cz) 5“_
= 24% +2b% +20 N
‘ ‘ (0.2)
Section 1.3 (-2,0) /|
NN TV N Y Y I
1 2(x+3)-1=-7 - E >
2(x+3)=—-6 _
x+3=-3 5 B
x=—6
The solution set is {-6} .
14. y=x-6
2. x-intercept: y-intercept:
0=x-6 y=0-6
x> —4x-12=0 6=x y=-6
(x+ 2)(x— 6) =0 The intercepts are (6,0) and (0, —6) .
x=-2,6 Vi
The solution set is {-2,6} . 3
3. intercepts L1 1
-3
4. y=0
5. y-axis
‘s <
7. (-3.4)
15. y=2x+8
8. True x-intercept: y-intercept:
9. False; the y-coordinate of a point at which the 0=2x+8 r= 2(0) 8
graph crosses or touches the x-axis is always 0. 2x=-8 y=8
The x-coordinate of such a point is an x=-4
x-intercept. The intercepts are (—4,0) and (0,8).
10. False; a graph can be symmetric with respect to YA y=2x+8
both coordinate axes (in such cases it will also be 10 (0,8)
symmetric with respect to the origin). [
For example: X%+ y2 =1 —
(-4,0) /|
I 40 T T
11. d —10 B 10 -
12. ¢ B
13. y=x+2 B
g . ~10F
Xx-1ntercept: y-intercept:
O0=x+2 y=0+2
D=y y=2 16. y=3x-9
x-intercept: y-intercept:

The intercepts are (—2,0) and (0,2) .

20
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17.

18.

Section 1.3: Intercepts; Symmetry; Graphing Key Equations

0=3x-9 y=3(0)-9 Ypoy=x"-9
x=3 L
The intercepts are (3,0) and (0,-9). —
po e (3.0 and (0.2) 3.0\ F 30
YA L1141 L 11 X
10+ -10 10
_ 0, -9
[N Y 4 N T _10‘( )
—10 L /(3,0) 10
~ 19. y=—x’+4
=3x—9 x-intercepts: y-intercepts:
(0,—9)¢_y - o
=-x"+4 y——(O) +4
x* =4 y=4
y= X -1 x=12
X-intercepts: y-intercept: The intercepts are (—2,0), (2.0), and (0,4).
0=x"-1 y=0"-1
=1 y=-1
x=x1 y=—x>+4
The intercepts are (—1,0) s (1,0), and (0,—1) .
-2,0
Yp oy=x*—-1 g L1 ) &
5 | —
L 111 FAREN X =l
=5 (-1L,ON (1,0) 5
0. - 20. y=—x+1
= x-intercepts: y-intercept:
S 0=—x"+1 y=—(0)+1
x* =1 y=1
y=x=9 x==1
x-intercepts: y-intercept: The intercepts are (—1,0) , (1,0) ,and (0,1).
0=x>-9 y=0"-9 Vi
x*=9 y=-9 S
X=i3 | y _ _)C2 + 1
The intercepts are (—3,0), (3,0), and (O,—9). (O, nr
I /\L I T
=5(-1,0)/ L \(1,0) 5
_5 L

21
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Chapter 1: Graphs

21. 2x+3y=6
x-intercepts:
2x+3(0) =6
2x=6
x=3

y-intercept:
2(0)+3y=6
3y=6
y=2

The intercepts are (3,0) and (0,2).

Y

3

~ 2x + 3y =6

22, 5x+2y=10
x-intercepts:
Sx+ 2(0) =10
Sx=10
x=2

%\l 11X
_<3,0NA

y-intercept:
5(0)+2y=10
2y =10
y=5

The intercepts are (2,0) and (0,5).

Yy

(0.5)

Sx +2y =10

(2|, OI) x

23. 9x*+4y=36
X-intercepts:

9x” +4(0)=36

|
5

y-intercept:
9(0)° +4y =36

9x% =36 4y =36
X’ =4 y=9
x=%2

The intercepts are (—2,0), (2, 0) , and (0,9) .

Yy
7&\0' 9)
I (|_|2’(|]) (zl'q)l X

-10

24. 4x*+y=4
x—mtercepts:
4x*+0=4

4x* =4

=1

x==*1

10
9x> + 4y =36

y-intercept:
400 +y=4
y=4

The intercepts are (—1,0) s (1,0) , and (0,4) .

y
5_
O HK a2+ y=4
- [\(1,0)
| g |1’|0) L1111 X
=5 | 5
25. YA
=B84 50 G4
L ] — [ ]
Lrr [ X
] : [ ]
©)=(3, -5~ @=G-9
26. Vi
S_
=53 [ 5,3)
® — [ ]
A I R R .
-5 L 5
® : [ ]
©=5-3) | @=((-3)
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Section 1.3: Intercepts; Symmetry; Graphing Key Equations

27. Yi 32. Yi
5r S5+
1) - d=@ 1) ©=(40 [@=¢0
L1 1 T | _I T I (b) :‘(_4, % B &
S . 5 = B E
@=(-2-1) | ©=@2,-1) -
sk sk
28. A 33. y
sk 5
—42) F @=@z @) = (0,3)
@=42 | @=@2) A
IR A BRI [ R O O R
-5 L 5 - 57
. - . ©.-3)
by=(<,-2) 4,2 =
B==D - D) ®) = (0. 3)
5+ -5
29, , 34. A
— 5_
51 -
©=(52 | @=6.2 @=(3,0 [©=30
. " . -3,0) | (0)=(3.0)
\_5\ | 7\ L1 | \5 | - _5 B 5
0=5-2 [ (¢.-2) B
sk 51
30. ?\ 35. a. Intercepts: (—1,0) and (1,0)

(@=11)H)=(1,1)
. —

[

5

-1 -1 d)={1.-1)

-5+

31. y
(@=(3,4 5
[ ]

-

T T T T

©=0G.49
[ ]

Y

-5

3.4 5-(

.
b)=03,-4)

36.

37.

38.

39.

23

b. Symmetric with respect to the x-axis, y-axis,

and the origin.

a. Intercepts: (0,1)

b. Not symmetric to the x-axis, the y-axis, nor

the origin

a. Intercepts: (—%,

0), (0,1), and (%,0)

b. Symmetric with respect to the y-axis.

a. Intercepts: (—2,0), (0,—3), and (2,0)

b. Symmetric with respect to the y-axis.

a. Intercepts: (0, O)

b. Symmetric with respect to the x-axis.
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Chapter 1: Graphs

40. a.

41. a

42. a

43. a.

44. a.

45. a.

46. a.

47.

Intercepts: (—2,0), (0,2), (0,-2), and (2,0)

Symmetric with respect to the x-axis, y-axis,
and the origin.

Intercepts: (-2,0), (0,0), and (2,0)

Symmetric with respect to the origin.

Intercepts: (—4,0), (0,0), and (4,0)

Symmetric with respect to the origin.
x-intercepts: [-2,1], y-intercept 0

Not symmetric to x-axis, y-axis, or origin.
x-intercepts: [—1,2], y-intercept 0

Not symmetric to x-axis, y-axis, or origin.

Intercepts: none
Symmetric with respect to the origin.

Intercepts: none
Symmetric with respect to the x-axis.

Akt

48.

[
]

(2,-5)

FrTTTTTTT

(0,-9)

49.

50.

51.

52.

y
5
(-2,2)
1111 X
=5
=5
y* =x+16
x-intercepts: y-intercepts:
0% =x+16 y*=0+16
-16=x y* =16
y=4

The intercepts are (—16,0), (O,—4) and (0,4).
Test x-axis symmetry: Let y=—y
(—y)2 =x+16

y2 =x+16 same

Test y-axis symmetry: Let x=—x

y* =—x+16 different

Test origin symmetry: Let x=—x and y=-y.

(—y)2 =—x+16

y> =—x+16 different

Therefore, the graph will have x-axis symmetry.

y2 =x+9

x-intercepts: y-intercepts:

0)> =x+9 y2=0+9
0=x+9 y?=9
x=-9 y=13

The intercepts are (—9,0) s (0, —3) and (0,3).
Test x-axis symmetry: Let y =—y

(—y)2 =x+9
y2 =x+9 same
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53.

54.

55.

Test y-axis symmetry: Let x=—x

y* =—x+9 different

Test origin symmetry: Let x=—x and y=-y.

()
y* =—x+9 different

=—x+9

Therefore, the graph will have x-axis symmetry.

y=lx
Xx-intercepts:
0=/x
0=x

The only intercept is (0,0) .

y-intercepts:

Test x-axis symmetry: Let y=—y

—y= 3/; different

Test y-axis symmetry: Let x=—x
y=3—x=-3x different
Test origin symmetry: Let x=—x and y=—-y
==

y= Yx same
Therefore, the graph will have origin symmetry.
y=3lx
x-intercepts:
0=3x
0=x
The only intercept is (0,0) .

y-intercepts:

Test x-axis symmetry: Let y=—y
-y= Ix different

Test y-axis symmetry: Let x=—x

y=3—x= —3fx different

Test origin symmetry: Let x=—x and y=—y
—y=—x==x

y=3yx same

Therefore, the is symmetric with respect to the
origin.

X +y-9=0

X-intercepts: y-intercepts:

Section 1.3: Intercepts; Symmetry; Graphing Key Equations

56.

57.

25

*-9=0 0> +y-9=0
x> =9 y=9
x=23

The intercepts are (—3,0), (3,0), and (0,9).
Test x-axis symmetry: Let y=—y

x> —y-9=0 different

Test y-axis symmetry: Let x=—x

(—x)2+y—9=0

x*+y-9=0 same
Test origin symmetry: Let x=—x and y=—y
(—x)2 -y-9=0

x* —y—9=0 different

Therefore, the graph has y-axis symmetry.

X —y—4=0
x-intercepts: y-intercept:
x*-0-4=0 0°-y-4=0
x* =4 -y=4
x=12 y=—4

The intercepts are (—2, O) s (2,0) , and (O, —4) .
Test x-axis symmetry: Let y=—y
x* —(— y) -4=0

x> +y—4=0 different

Test y-axis symmetry: Let x=—x

(—x)z—y—4=0

xz—y—4:0 same

Test origin symmetry: Let x=—x and y=-y

() ~(-3)-4=0
x> +y—4=0 different

Therefore, the graph has y-axis symmetry.

25x% +4y? =100
x-intercepts: y-intercepts:

2557 +4(0)* =100 25(0)° +4y> =100

25x% =100 4y* =100
x’ =4 y* =25
X=i2 y:—_}-S

The intercepts are (—2, 0) s (2,0), (O, —5), and
(0.5).
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Chapter 1: Graphs

58.

59.

Test x-axis symmetry: Let y=—y
25x% +4(-y)’ =100

25x% +4y* =100 same
Test y-axis symmetry: Let x=—x
25(-x)> +4y* =100

25x7 +4y2 =100 same
Test origin symmetry: Let x=—x and y=—-y
25(—x)” +4(-y)’ =100

25x* +4y* =100 same

Therefore, the graph has x-axis, y-axis, and
origin symmetry.

4x* + y2 =4
x-intercepts: y-intercepts:
4x% +0% =4 4(0) +y* =4
4x* =4 y2=4
X’ =1 y=%2
x =11

The intercepts are (—1,0) s (1,0), (0,—2), and
(0.2).
Test x-axis symmetry: Let y=—y

4x* +(—y)2 =4

4x% + y2 =4 same
Test y-axis symmetry: Let x=—x
2
4(—x) + y2 =4

4x* + y2 =4 same
Test origin symmetry: Let x=—x and y=—-y
$(-xP () =4

4x% + y2 =4 same

Therefore, the graph has x-axis, y-axis, and
origin symmetry.

y=x"—64

X-intercepts: y-intercepts:
0=x"-64 y=0"-64

X =64 y=-64
x=4

The intercepts are (4,0) and (O, —64).

Test x-axis symmetry: Let y =—y

—y=x>—64 different

26

60.

61.

Test y-axis symmetry: Let x=—x
y= (—x)3 - 64
y=—-x>—-64 different

Test origin symmetry: Let x=—x and y=-y
—-y= (—x)3 —64
y=x>+64 different

Therefore, the graph has no symmetry.

y=x"-1
X-intercepts: y-intercepts:
0=x"-1 y=0*-1
Xt =1 y=-1
x =z

The intercepts are (—1,0), (1,0), and (0,-1).

Test x-axis symmetry: Let y=—y

-y= x* 1 different

Test y-axis symmetry: Let x=—x
4

y = (—x) -1

y=x"—1 same

Test origin symmetry: Let x=—x and y=—-y
4

-y = (—x) -1

—y=x*—1 different

Therefore, the graph has y-axis symmetry.

y= x> —2x-8
Xx-intercepts:
0=x"-2x-8
0= (x—4)(x+2)
x=4 or x=-2
The intercepts are (4, 0) s (—2,0) ,and (0, —8).

y-intercepts:
y=0"-2(0)-8
y=-8

Test x-axis symmetry: Let y=—y

—y = x* —2x—8 different

Test y-axis symmetry: Let x=—x
y=(-x)*-2(-x)-8
y=x*+2x-8 different

Test origin symmetry: Let x=—x and y=—y
2

-y =(-x)"-2(-x)-38

—y = x> +2x-8 different

Therefore, the graph has no symmetry.
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62. y=x2+4 64 __x2—4
Xx-intercepts: y-intercepts: C T 2x
0=x"+4 y=0%+4 x-intercepts: y-intercepts:
x> =—4 y=4 O:x2—4 y=02_4=_—4
no real solution 2x 2(0) o0
2 .
The only intercept is (0,4). x —=4=0 undefined
2 _
Test x-axis symmetry: Let y =—y x =4
x=12

—y =x*+4 different

Test y-axis symmetry: Let x=—x
2
y= (—x) +4

y:x2+4 same

Test origin symmetry: Let x=—x and y=—-y

The intercepts are (—2,0) and (2,0).

Test x-axis symmetry: Let y=—y

X —4 Gifferent

—-y=
X

Test y-axis symmetry: Let x=—x

2
—y=(—x)"+4 (—x) -4
~y=x"+4 different T
Therefore, th h has y-axi : 2 -
erefore, the graph has y-axis symmetry v x°—4 different
2x
4x .-
63. y= Test origin symmetry: Let x=—x and y=—y
x* +16 5
Xx-intercepts: y-intercepts: Cy= (—x) -4
4 4(0 oo2(-
o:_zx :_2( ) -9 (=)
x“+16 0°+16 16 x2—4
4x=0 = —2x
x=0 2o
The only intercept is (0,0). yE=T o same
Test x-axis symmetry: Let y=-y Therefore, the graph has origin symmetry.
4 .
V== *_ different _.3
x* +16 65. y= 2x
Test y-axis symmetry: Let x=—x X 9 .
4 Xx-1ntercepts: y-1ntercepts:
y= _4x) e 0 0
5 _ _
- +16 0= y= =—=0
(=) -9 -9 -9
4
y=—— Y different - =0
x“+16
o x=0
Test origin symmetry: Let x=—x and y=-y The only intercept is (0,0) )
4(—
-y= # Test x-axis symmetry: Let y=—y
(—x) +16 3
4 —y=—
—y=-= ad x* -9
x°+16 3
ye 4x same y= 5 different
X’ +16 T

Therefore, the graph has origin symmetry.

27
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66.

Test y-axis symmetry: Let x=—x
(=)’
(~x) -9
3

y:

different

y_x -9

Test origin symmetry: Let x=—x and y=—-y

(=)’

—y=
() -9
x2-9
.3

y= same
2 -9

Therefore, the graph has origin symmetry.

y= xt+1
2x°
Xx-intercepts: y-intercepts:
‘o 0'+1 1
X+ =——==
0= 2x° 2(0) 0
4 undefined
x =-1

no real solution

There are no intercepts for the graph of this
equation.

Test x-axis symmetry: Let y=—y

x4

2x°

Test y-axis symmetry: Let x=—x
(—x)4 +1

2 (—x)5

e+l

y= different
-2x°

different

—y=

y:

Test origin symmetry: Let x=—x and y=—y

(—x)" +1

2(-x)
_ x*+1
)0
xt+1
2x°

Therefore, the graph has origin symmetry.

y= same

68.

69.

70.
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71.

72.

73.

If the point (a, 4) is on the graph of
y:x2+3x,then we have
4=a’+3a

0=a’+3a—4

0=(a+4)(a-1)

a+4=0 ora-1=0

a=—4 a=1

Thus, a=—4 or a=1.
If the point (a,—5) is on the graph of
y=x2+6x,then we have
~5=a*+6a

0=da’+6a+5

0:(a+5)(a+1)

a+5=0 ora+1=0

a=-5 a=-1

Thus, a=-5 or a=-1.
a.  0=x"-5
x* =5
X = i\E
The x-intercepts are x = —\/g and x= \/g .
y=(0y-5=-5
The y-interceptis y=-5.
The intercepts are (—«/3,0), («/g ,O), and
(0,-5).
b. x-axis (replace y by —y):
—y=x*-5
y=5-x" different
y-axis (replace x by —x):
y= (—x)2 —5=x>-5 same
origin (replace x by —x and y by —y):
-y= (—x)2 -5
y=5-x" different
The equation has y-axis symmetry.

c. y= x> =5
Additional points:

Section 1.3: Intercepts; Symmetry; Graphing Key Equations

74.

29

a.

(xy)

X y=x>-5

1| y=1"-5=—4

from symmetry

2 | y=22-5=-1

from symmetry

lﬁ\/ﬁ.o)
1 (I 3

(2. -1)

v

5

:
P
_IIIII

|
[85]
|
=il

(1, —4)
“T(0, -=5)

)C=i2\/§

The x-intercepts are x = —2\/5 and
x= 2\/5 .
y=(0)’-8=-8
The y-interceptis y =—8.
The intercepts are (—2\/5, 0) s (2\/5, O) , and
(0.-8).
x-axis (replace y by —y):
—y=x*-8
y=8-x" different
y-axis (replace x by —x):
y= (—x)2 —8=1x"—8 same
origin (replace x by —x and y by —y):
-y= (—x)2 -8
y=8—x? different
The equation has y-axis symmetry.

y=x"-8
Additional points:
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75.

X y:x2—8 (x,y)
1| y=1"-8=-7

—1 | from symmetry (—1,—7)

2 | y=2"-8=+4

—2 | from symmetry (—2, —4)

' TTTTTT

x—(0)° =-9
x=-9

The x-interceptis x=-9.
(0)-y*=-9
-y*=-9

y2 =9 —» y=43
The y-intercepts are y =-3 and y =3.
The intercepts are (—9,0) , (O, —3) , and
(0.3).
x-axis (replace y by —y):
x— (— y)2 =-9
x—y? =-9 same
y-axis (replace x by —x):
—x—y*=-9
X+ y2 =9 different
origin (replace x by —x and y by —y):
(=3 =9
—x—y*=-9
x+y? =9 different

The equation has x-axis symmetry.

30

c. x—y2=—9 or x=y2—9

76.

Additional points:

y x:y2—9 (x,y)
2 | x=2"-9=-5

—2 | from symmetry (—5, —2)

'
5_
0,3) [
(=5.2) -
L@l
(_Q’OK_i\‘_ a
(-5,-2) —
(0,-3)
-5+
2
x+(0) =4
x=4
The x-interceptis x=4.
(0)+y2:4

y2 =4 - y=12
The y-intercepts are y=—2 and y=2.
The intercepts are (4,0), (0,—2), and
(0.2).
x-axis (replace y by —y):
x+(— y)2 =4
X+ y2 =4 same
y-axis (replace x by —x):
—x+y> =4
x—y? =—4 different
origin (replace x by —x and y by —y):
—Xx+ (— y)2 =4
—x+y* =4
x—y? =—4 different
The equation has x-axis symmetry.

x+y* =4 or x=4-y*
Additional points:
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77. a. x> +(0)
x2

y | x=4-y" | (%)
1| x=4-1"=3

—1 | from symmetry

Y|

;
. (0,2)
Net.u)_
L1111 111 X

«—T(0,-2)
-5

9

9
x=13
The x-intercepts are x=-3 and x=3.

(0> +3*=9
¥’ =9
y=13
The y-intercepts are y =-3 and y =3.
The intercepts are (—3,0) , (3, O) s (0, —3) s
and (0,3) .
x-axis (replace y by —y):
X (—y)2 =9
x> +y*=9 same
y-axis (replace x by —x):
(—x)*+y* =9
x> +y* =9 same
origin (replace x by —x and y by —y):
(=) +(-y) =9
X+ y2 =9 same

The equation has x-axis symmetry, y-axis
symmetry, and origin symmetry.

Section 1.3: Intercepts; Symmetry; Graphing Key Equations

78.

31

=16
x=%4

The x-intercepts are x=—4 and x=4.
(0)*+y* =16
y2 =16
y=14

The y-intercepts are y=—4 and y=4.

The intercepts are (—4, 0) , (4,0) , (O,—4) ,
and (0,4).
x-axis (replace y by —y):
X+ (—y)2 =16

X+ y2 =16 same
y-axis (replace x by —x):
(—x)2 +y2=16

+ y2 =16 same
origin (replace x by —x and y by —y):
(=2 +(2) =16

x> +y? =16 same

The equation has x-axis symmetry, y-axis
symmetry, and origin symmetry.

X +y* =16
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79.

0=x"—4x

O:x(x2—4)

x=0 or x>’ -4=0
x=4
x=12

The x-intercepts are x=0, x=-2, and
x=2.

y=0"-4(0)=0
The y-interceptis y=0.
The intercepts are (0,0), (-2,0), and
(2.0).
x-axis (replace y by —y):
—y=x"—4x
y=4x—x different
y-axis (replace x by —x):
y= (=2 ~4(=x)
y=—x"+4x different
origin (replace x by —x and y by —y):
= (=x)’ =4(-x)
—y=—x+4x
y=x>—4x same
The equation has origin symmetry.

y=x"—4x
Additional points:

X y= X’ —4x (x, y)
1| y="-4(1)=-3|(1-3)
—1| from symmetry (—1,3)

32

80.

0=x"—x

O:x(xz—l)

x=0 or x*-1=0
X’ =1
x==I1

The x-intercepts are x =0, x=—1, and
x=1.

y=0"-(0)=0
The y-interceptis y=0.
The intercepts are (0,0), (~1,0), and
(1,0).
x-axis (replace y by —y):
—y=x'—x
y=x—x" different
y-axis (replace x by —x):
y= (=) =)
y=—x"+x different
origin (replace x by —x and yby —y):
= (=) =)
—y=—-x"+x
y=x’—x same
The equation has origin symmetry.

3
y=x —x

Additional points:

X y= X —x (x, y)
2 | y=2"-(2)=6| (2.6)
—2 | from symmetry (—2, —6)

YA
5_
(-1.0) [ /.0
L 111 I T
=5 L (0,0)
5L
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81.

82.

83.

84.

85.

Section 1.3: Intercepts; Symmetry; Graphing Key Equations

For a graph with origin symmetry, if the point
(a,b) is on the graph, then so is the point

(—a,—b) . Since the point (1,2) is on the graph
of an equation with origin symmetry, the point
(=1,—2) must also be on the graph.

For a graph with y-axis symmetry, if the point
(a,b) is on the graph, then so is the point

(—a,b) . Since 6 is an x-intercept in this case, the
point (6,0) is on the graph of the equation. Due
to the y-axis symmetry, the point (—6,0) must
also be on the graph. Therefore, —6 is another x-
intercept.

For a graph with origin symmetry, if the point
(a,b) is on the graph, then so is the point
(—a,—b) . Since —4 is an x-intercept in this case,
the point (—4,0) is on the graph of the equation.
Due to the origin symmetry, the point (4, 0)

must also be on the graph. Therefore, 4 is
another x-intercept.

For a graph with x-axis symmetry, if the point
(a,b) is on the graph, then so is the point
(a,—b) . Since 2 is a y-intercept in this case, the
point (O, 2) is on the graph of the equation. Due

to the x-axis symmetry, the point (0,—2) must

also be on the graph. Therefore, —2 is another y-
intercept.
2,2 Y _ 2,2
a. (x +y —x) =x"+y
x-intercepts:
2
(++(0) =) = +(0)
2
(x2 - x) =x’

-2+ P =40

=25 =0
x3(x—2)=0
=0 or x—2=0
x=0 x=2

86.

y-intercepts:

((0)2 +y? —0) —(0) +y?
2
(f -y
y4 :y2
¥ =y =0

The intercepts are (0,0), (2,0), (0,-1),
and (0,1).
Test x-axis symmetry: Let y =—y

(2 (2 —x) =+

2
(x2 +y? —x) =x*+y* same

Test y-axis symmetry: Let x=—x
2
(=0 +37 =(=0)) (=" +0?

2
<x2 + y2 +x) =x*+ y2 different

Test origin symmetry: Let x=—x and y=—y
2
(= (=9 =(=)) =(=2) +(=>)’
(x2 +y2 x)2 =x>+y? different
Thus, the graph will have x-axis symmetry.

16y* =120x-225
y-intercepts:
16y* =120(0)-225

16y* =225
2__ 25
16

no real solution
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x-intercepts: Test y-axis symmetry: replace x by -x
16(0)* =120x-225 (0% +y*)? =a’ (=07 = »?)
0=120x-225 (x* +y%)? =a*(x* - y*) equivalent
—120x =-225 Test origin symmetry: replace x by -x and y by
-225 15 -y
SSTIY (=2 + (=) =@ (=" = (-3)*)

The only intercept is (E’Oj ) (x2 + y2)2 — a2 (xz _ yz) equivalent
8 The graph is symmetric by respect to the x-
b. Testx-axis symmetry: Let y=—y axis, the y-axis, and the origin.
16(~y)* =120x-225 88. Lety=0.

16y* =120x—225 same (*+0% —ax)’ =b* (x> +0%)

. 4 3, 22 422
Test y-axis symmetry: Let x=—x X' =2ax" +a"x"—b"x" =0

16y* =120(-x)-225 X [(x=(@+b)][(x—(a-b)]=0
16y* =—120x—225 different x=0or x=a+b
Test origin symmetry: Let x=—x and y=—y or x=a-b
5 Let x=0.
16(—y)” =120(—x)-225 (0 +y? —a-0)> =b> (0% + y?)
16y* =—120x—225 different Y o2y 20
Thus, the graph has x-axis symmetry. y2 (y+b)(y—b)=0
87. Let y=0. y=0,y=-b,y=b
(x2 +02)2 _ az(xz _02) So the intercepts are (0,0), (a-b,0), (a+b,0), (O,-
b), (0, b).
xt=ad?(x?) Test x-axis symmetry: replace y by -y
2
x'—a’x* =0 [xz +(—y)? —ax] =b* [xz +(—y)2]
2,2 2
x*(x*—a’)=0 (x% + y* —ax)* =b*(x* + y*) Equivalent
2 2 2
=0 or (x*-a’)=0 Test y-axis symmetry: replace x by -x
— 2_ 2 2
x=0or x"=a [(—x)2+y2—a(—x)] =b2[(—x)2+y2]
X =-a,a
Let x=0. (x*+ y2 +ax)? =b>(x* + yz) Not equivalent
0%+ =a2(0° - y?)
Test origin symmetry: replace x by -x and y b
¥ =d ) S plicexDy -rancy oy
4, 2.2
+a’y =0 2
zy( X yz) . [0+ 02 —a0| =p*[ (07 +(=3)? ]
Y (y +a’)=
y=0 (x* + y* +ax)* =b*(x* + y*) No equivalent

Note that the solutions to y*+a* =0 are not . .
( Y The graph is symmetric with respect to the

reg]) x-axis only.
So the intercepts are are (0,0), (a,0) and (-a,0).

Test x-axis symmetry: Replace y by -y
@+ (=)D =a’ (@ = (=9)7)

(x2 + y2)2 =a* ()c2 - yz) equivalent

34
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89.

90.

91.

Answers will vary. One example:
y

/

Answers will vary.
Case 1: Graph has x-axis and y-axis symmetry,
show origin symmetry.

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph —(—x,—y) on graph

(from y-axis symmetry )

Since the point (—x,—y) is also on the graph, the
graph has origin symmetry.

Case 2: Graph has x-axis and origin symmetry,
show y-axis symmetry.

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry )

(x,—y) on graph — (—x, y) on graph

(from origin symmetry)

Since the point (—x, y) is also on the graph, the
graph has y-axis symmetry.

Case 3: Graph has y-axis and origin symmetry,
show x-axis symmetry.

(x,y) on graph —(—x, y) on graph

(from y-axis symmetry )

(—x,y) on graph — (x,—y) on graph

(from origin symmetry)

Since the point (x, - y) is also on the graph, the

graph has x-axis symmetry.

Answers may vary. The graph must contain the
points (—2,5) s (—1,3) , and (0,2) . For the graph
to be symmetric about the y-axis, the graph must
also contain the points (2,5) and (1,3) (note
that (0, 2) is on the y-axis).

Section 1.4: Solving Equations Using a Graphing Ulility

For the graph to also be symmetric with respect
to the x-axis, the graph must also contain the

points (-2,-5), (-1,-3), (0.-2), (2.-5), and
(l, —3) . Recall that a graph with two of the

symmetries (x-axis, y-axis, origin) will
necessarily have the third. Therefore, if the
original graph with y-axis symmetry also has x-
axis symmetry, then it will also have origin
symmetry.

Section 1.4

1. 2% +5x+2=0
(2x+1)(x+2)=0
2x+1=0 or x+2=0

2x=-1 x==2

x=-—

2

1
The solution set is {—2,—5} .

2. 2x+3:4(x—1)+1
2x+3=4x-4+1

2x+3=4x-3
—2x+3=-3
-2x=-6
x=3

The solution set is {3} .

3. ZERO (ROOT)

4. False; exact solutions are obtained, in general, if
the solution is a rational number. For irrational
solutions, approximate answers are typically
given, though some utilities can express certain
irrational expressions in exact form.

5. x> —4x+2=0; Use ZERO (or ROOT) on the
graph of y, = X —4x+2.

35
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Chapter 1: Graphs

10

AV

2eka
n=tz.eidzz =0

A v

2k
H=.Ez01BEE7 1Y¥=0

2Rk J/

w=1.67E1%08 L‘ =i

—10
The solution set is {—2.21,0.54, 1.68} .

6. x’—8x+1=0; Use ZERO (or ROOT) on the
graph of y, = X —8x+1.

10 10

-5 / 5 5 f / 5
ZRFY N e
W=-Z.BEAREY V=0 W=.1zEEqEEE [Y=0

—10 —10

10

2%
H=Z.

—10
The solution set is {—2.89,0.13, 2.76} .

7. —2x*+5=3x—2; Use INTERSECT on the
graphs of y, = —2x*+5 and Yy, =3x-2.

17

Il'lttr'ﬂ:/\:f:{ Ihttrﬂ:/\:!{:{
1.552929 [Y=-g5.661818 A= ARE4LEY IY=1.4802462

H=

—15 —15
The solution set is {—1.55,1.15} .

8. —x*+1=2x"—3; Use INTERSECT on the
graphs of y, = —x*+1 and Yy = 2x* 3.
10 10

-5 \III, / 5 -5 5
Inttr:tcti-:-n\[/‘\ Inttr:tctc-n\[—/‘\
H=-1.111786 I¥=-EzrBe4 n=1.1117859 I¥=-5zrBE4

—10 —10
The solution set is {—1.11,1.11}.

9. x*—2x+3x-1=0; Use ZERO (or ROOT) on
5 5

the graph of y, = x* —2x’ +3x—1.
/ S \ ) 1
LS PTERTTY ﬁg.?'sassﬂ:a

) )
The solution set is {-1.12,0.36} .

10. 3x* —x’+4x*> —=5=0; Use ZERO (or ROOT)
on the graph of y, = 3xt —x® +4x7 -5
5 5

| i,

3
.\l/ Zxk
H-'BHSEBHE =i W=9zEEAYE [V=0

—10
The solutlon setis {~0.85,0.94} .

(98]
b
(98]

11. —x° —éx2 +%x+2 =0;
Use ZERO (or ROOT) on the graph of

» =—x —(gsz +(%)x+2.

36
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Section 1.4: Solving Equations Using a Graphing Ulility

5 5 5 5
5 _5 \ 5 —-4 2 4 2
2Lk L1 \ Intgrseckion Inkgrsgckion
B=-z.gaL1087 [v=0 B=-nwmosgze [v=o §=-Z.BEEEFL = -4.94B76L Hz-13EPa02 Y= -.G92ZE0Y4
-5 -5 -8 -8
5 5 5
\ —-4 2 4 2
-5 5
Zxkn ﬁgtfﬂrﬁsgggf;l TEUAYZYYEZ ﬁgiﬁrmcnnn Y=-166BBGAT
§=1.514883F [v=0 : : -
= -8 -8
The solution set is {~2.69,-0.49,1.51} . The solution set is {-2.86,—1.34,0.20,1.00} .
4 23,17 2 15 14 l)(3—5)c—l)c2—4
12, —x" +3x +§x —3x+2=O;UseZERO (or "2 T3

3
ROOT) on the graph of Use INTERSECT on the graphs of y, = % —5x

y1=—x4+3x3+(%}c2—(%jx+2. 2
and y, = % —4 and a standard viewing window

10 10 (—10 to 10 for both x and y).
-5 o 5 -5 [V ]‘ 5
ZRE0 2Rk )
B=-igumosz lv=-1E-12 = zoeizEt? lv=o Intersection £\ S
-5 =)
10 10
e
-5 . 5 -5 5 R .
2era 1| Zera The solution set is {—4.47,0.80,4.47} .
=1ranzzez [v=o h=zanzzroBl lv=-zE-1z
- - 4 2
The solution set is {—1.64,0.31,1.31,3.02} . IS. X" =5x"+2x+11=0
Use ZERO (or ROOT) on the graph of
4 2
4 3 5. 2,501 Y =x =5x"+2x+11.
13. —=x"-2x +§x——§x > 15
Use INTERSECT on the graphs of
= —(%))51 2% +(%jx and
-5 S
— (2]
y2 - 3 2 N 5

There are no real solutions.

16. —3x* +8x* —2x-9=0
Use ZERO (or ROOT) on the graph of
y, =3x" +8x* —2x-9.
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Chapter 1: Graphs

—15
There are no real solutions.

17. 2(3+2x)=3(x—4)

20 5-(2x-1)=10-x
5-2x+1=10—x
2x+6=10—x
2x+6+2x=10—x+2x
6=10+x
6-10=10+x-10
—4=x
The solution set is {4} .

6+4x=3x-12
T e I
4x—3x=3x-18-3x 21(x_—|r1j+21(x+2j:21(5)
x=-18 3 7
The solution set is {—18}. Tx+7+3x+6=105
10x+13=105
18. 3(2—-x)=2x-1 10x+13-13=105-13
6-3x=2x-1 10x=92
6-3x-6=2x-1-6 10x _ 92
—3x=2x-7 10 10
—3x-2x=2x-7-2x x:4_6
—Sx=-7 16 3
—_5x=—_7 The solution set is {?}
-5 =5
7
x=3 22. 2x3+1+16:3x

The solution set is {%} .

3(2x3+1+16j=3-3x

19. 8x—(2x+1)=3x-13 2x+1+48=9x
8x—2x—-1=3x-13 , ix+4219=9x )
6x—1=3x-13 x+49-2x=9x—-2x
6x—1+1=3x-13+1 :§=;x
X
6x=3x-12 ===
6x—3x=3x—-12-3x o7
v =-12 The solution set is {7} .
3x_-12
3 3
x=—4

The solution set is {—4}.
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Section 1.4: Solving Equations Using a Graphing Ulility

2
23, .4 3 26.  (x+2)(x-3)=(x-3)
y ; 2 4+2x-3x—6=x>—6x+9
;:3 P —x—6=x>—6x+9
9 -1 ox—6-x*=x>—6x+9-x2
Z| =37
(yJ -x—-6=-6x+9
y o1 —Xx—6+6x=-6x+9+6x
973 5x-6=9
5x-6+6=9+6
9.7 _9.1
9 3 5x=15
y=3 sx_15
The solution set is {3} . 5 5
x=3
24, i_szﬁ The solution set is {3} .
y 2y
2
—3x-28=0
2y(i_5j:2y(§) 27, ¢
y 2y (x=7)(x+4)=0
8-10y =18 x—=7=0 or x+4=0
8-10y—8=18-8 =7 =4
-10y =10 The solution set is {—4,7} .
“10y _ 10
-10  -10 28. x*-7x-18=0
y=-1 (x=9)(x+2)=0
The solution set is {—1} . ¥—9=0 or x+2=0
x=9 x=-2

25, (x+7)(x=D=(x+ ? The solution set is {-2,9} .

X —x+Tx-T=x*+2x+1

X 46x—T=x"+2x+1 29. 3x? =4x+4
X 46x—T—x> = x> +2x+1-x* 3x* —4x-4=0
6x—7=2x+1 (3x+2)(x—-2)=0
6x—7-2x=2x+1-2x 3x+2=0 or x—2=0
4x-T7=1 3x=-2 x=2
dx-T7+7=1+7 o 2
4x =8 3
4736 :%: x=2 The solution set is {—%,2}.

The solution set is {2}
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30. 5x* =13x+6
5x*—13x-6=0
(5x+2)(x—3) =0
5x+2=0 or x—3=0

S5x=-2 x=3
2

x=—=
5

2
The solution set is {—5,3} .

31. X+ x*—4x-4=0
(x*+27)+(-4x-4)=0

X (x+1)-4(x+1)=0

0

0

)
(x+1)(x2—4):
(x+l)(x—2)(x+2):
x+1=0 or x-2=0 or x+2=0
x=-1 x=2 x=-2
The solution set is {-2,-1,2}.

34. Jx=2=3

( x—2)2 =32

x—-2=9
x—24+42=9+2

x=11
Check:

J11-2 =3
Jo =3
3=3T
The solution set is {11} .

35, 2 .3 8
x+2 x-1 5

LCD =5(x—1)(x+2)

Multiply both sides of the equation by the LCD.

This yields the equation

32.

33.

36.

X +2x2-9x—18=0
(x7+267 )+ (-9x-18) =0
(x+2) (x+2)
x+2( 9)
(x+2)(x-3)(x+3)=0

x+2=0 or x—-3=0 or x+3=0
x=-2 x=3 x=-3
The solution set is {—3,-2,3}.

Nx+1=4

(\lx—i-l)z =47

x+1=16
x+1-1=16-1

x=15
Check:

JI541=4
Jie =4

4=4T
The solution set is {15} .

2-5(x—1)+3-5(x+2):—8(x—1)(x+2)
10(x—1)+15(x+2) = -8(x* +x-2)
10x—10+15x+30=-8x> —8x+16
25x+20=-8x>—8x+16
8x% +33x+4=0
(8x+1)(x+4)=0
8x+1=0 or x+4=0
8x=-1 x=-4

X=—=

8

1
The solution set is {—4,—§} .

1 5 21

x+1 x-4 4

LCD = 4(x—4)(x+1)

Multiply both sides of the equation by the LCD.
This gives the equation

Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

4(x—4)—5-4(x+1)= 21(x—4)(x+1)
4(x—4)-20(x+1)= 21(x2 —3x—4)
4x-16-20x-20=21x" —63x—84
—16x-36 =21x> —63x—84
0=21x*—47x—-48
0:(x—3)(21x+16)
x—=3=0 or 2Ix+16=0
x=3 21x=-16
16
21

1
The solution set is {—2—61,3} .

Section 1.5

1. 2;2;1
-2

0

ii, iv
ii

a0 T

2. undefined; 0

3. 3;2
x-intercept: 2x+3(0) =6
2x=6
x=3
y-intercept: 2(0)+3y =6
3y=6
y=2
4. True
5. False; the slope is %
2y=3x+5
P
Y 22

2
6. True; 2(1)+(2):4
2
2+2=4
4=4 True

7. my =m,; y-intercepts; my -m, =—1

8. 2

10.

11.

12.

13.

15.

16.

17.

41

Section 1.5: Lines

Slope:ﬂzl
2-0 2

B

b. If x increases by 2 units, y will increase
by 1 unit.

1

1_
a. Slope= =
P -2-0 2

b. If x increases by 2 units, y will decrease
by 1 unit.

1-2 1

a. Slope= =
P 1-(=2) 3

b. If x increases by 3 units, y will decrease
by 1 unit.

b. If x increases by 3 units, y will increase

by 1 unit.
Slope = 22— _0=8_ 3
X —x 4-2 2

YA
8 —

Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

Chapter 1: Graphs

Vo= _4-2_2

18. Slope =—=——= —=-2
Xy =X

3-4 -1

19. Slope =221 = .

- 2
20. Slope = = =—
P 3

21.

C(3,-1)

S5+

_—4 undefined.

undefined.

22. Slope=22"21_ 2-2 _
X —x —5-4
YA
5_
5,2 - @y
Lo o
sk
23. Slope:yz_ylz —2-2 =
x-x —-1-(=) 0
YA
S_
12 [
A N R
-5 L 5
-L-29¢ -
sk
24. Slopezyz_yl =H=2
x—-x 2-2 0
Yhoo
5_
L 422
Lri el o
- L 2.0 5
Sy
25. P:(I,Z);m:3
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Section 1.5: Lines

26. P:(2,1);m:4 30. P=(2,—4);m=0

T T Y Y O
5

| |
=5 L 5 P =12.-4)
2+ _:"_

31. P=(0,3); slope undefined

27.

Y4
5_
P=(00,3)¢

RIS I B AR,

-5 | 5

Sy

-2 (note: the line is the y-axis)

28. P= (1,3);m _ _% 32. P= (—2,0); slope undefined
.\‘l

." ! S

[ T Y T O

L] S

33, P=(12);m=3;y-2=3(x—1)
29. P=(-1,3);m=0

Y 3. P=(21)m=4;y-1=4(x-2)
5_

« - > 3. P=(24)m=—"3y-4=—>(x-2)
P:(—l,?))— . ) b 4’y 4
NI IR AN

- 5

B 36. P:(1,3);m:—z;y—3:—z(x—1)
- 5 5
=S 37. P:(—l,3);m:0;y—3:0

38. P=(2,4);m=0;y+4=0
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39.

40.

41.

42,

Slope =4 = % ; point: (1,2)

If x increases by 1 unit, then y increases by 4
units.

Answers will vary. Three possible points are:
x=1+1=2 and y=2+4=6

(2.6)

x=2+1=3 and y=6+4=10
(3,10)

x=3+1=4 and y=10+4=14
(4,14)

Slope =2 = % ; point: (-2,3)

If x increases by 1 unit, then y increases by 2
units.

Answers will vary. Three possible points are:
x=-2+1=-1 and y=3+2=5

(-1.5)

x=-1+1=0 and y=5+2=7
(0.7)

x=0+1=1and y=7+2=9
(1.9)

Slope = —% = _?3 ; point: (2,—4)

If x increases by 2 units, then y decreases by 3
units.

Answers will vary. Three possible points are:
x=2+2=4 and y=-4-3=-7

(4.-7)

x=4+2=6 and y=-7-3=-10
(6,—10)

x=6+2=8 and y=-10-3=-13
(8,—13)

Slope = g ; point: (—3,2)

If x increases by 3 units, then y increases by 4
units.

43.

44.

45.

Answers will vary. Three possible points are:
x=-3+3=0 and y=2+4=6

(0.6)

x=0+3=3 and y=6+4=10
(3.10)

x=3+3=6 and y=10+4=14
(6,14)

Slope =2 = Tz ; point: (—2,-3)

If x increases by 1 unit, then y decreases by 2
units.

Answers will vary. Three possible points are:
x=-2+1=-1and y=-3-2=-5

(-1.-5)

x=-1+1=0 and y=-5-2=-7
(0.-7)

x=0+1=1and y=-—7-2=-9
(1.-9)

Slope =—1= _T] ; point: (4,1)

If x increases by 1 unit, then y decreases by 1
unit.

Answers will vary. Three possible points are:
x=4+4+1=5 and y=1-1=0

(5.0)

x=5+1=6 and y=0-1=-1
(6.-1)

x=6+1=7 and y=—-1-1=-2
(7.-2)

(0, 0) and (2, 1) are points on the line.
Slope = ﬂ = l
2-0 2
y-intercept is O; using y =mx+b:
1
=—x+0
Y 2
2y=x
0=x-2y

1
x—2y=0 or y:Ex
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46. (0, 0) and (-2, 1) are points on the line.

Slope = 1-0 =L=—l
-2-0 -2 2
y-intercept is O; using y =mx+b:

1

=——x+0
Y 2
2y=—x
x+2y=0

1
x+2y=0 or y:—zx

47. (-1, 3) and (1, 1) are points on the line.

Slope = 1-3 :_—2:—1
I--) 2

Using y — y; = m(x—x)

y—1l=-1(x-1)
y—1=—-x+1
y=—x+2

x+y=2ory=—x+2

48. (-1, 1) and (2, 2) are points on the line.
2-1 1

2-(-1) 3
Using y — y; =m(x—x,)

Slope =

y—1 =%(x—(—1))

1
—l==(x+1
y 3( )

49. y—-y =mx—-x), m=2
y—-3=2(x-3)
y—3=2x-6

y=2x-3
2x—y=3 or y=2x-3

50. y—-y, =m(x—-x), m=-1

y=2=—-1(x-1)
y—2=-x+1
y=-x+3

x+y=3or y=—x+3

Section 1.5: Lines

1
51, y—y =m(x—x), m:—E
1

B R
y 2( )
11
S
Y SR
L2
YT,

1 5
x+2y=5 or y——5x+5
52. y—y =mx—x), m=1

y=1=1(x—(~1)
y—l=x+1

y=x+2
x—y=-2o0r y=x+2

53. Slope =3; containing the point (-2, 3)
y—y =m(x—x;)
y=3=3(x-(-2)
y-3=3x+6
y=3x+9
3x—y=-9 or y=3x+9

54. Slope =2 ; containing the point (4, —3)
Y=y =m(x-x)
y—(=3)=2(x—-4)
y+3=2x-8
y=2x—-11
2x—y=11 or y=2x-11

55. Slope = % ; containing the point (3, 1)
Y=y =mx—x)
1
-1==(x-3
y 5 x=3)

ERTELINE
YT

=—X——
Y 2 2

1 1
x—-2y=1lor y=—x——
y y > >

45
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56. Slope = —% ; containing the point (1, —1)
Y=y =m(x—x)

Y- (D=2

+]__£x+2
Y 3773
21
Y 3 3
2 1
2x+3y=—-lor y=——x——
y y 3 3

57. Containing the points (1, 3) and (-1, 2)
2-3 -1 1

m=—— —_

1-1 -2 2
y=y =m(x-x)

1
—-3==(x-1
y 2( )

—3——y—=
Y 2 2

=—x+=
Y 2 2

x—2y=-5 or y:%x+%

58. Containing the points (=3, 4) and (2, 5)

5-4 1
m= = —
2—-(-3) 5
y=y =m(x—x))
1
—-5=—(x-2
y 5( )
1 2
_5=x—=
YTTEENS
TSNS

1 23
x=5y=-23 or y=—x+—
Yy Yy 5 5
59. Slope=-3; y-intercept =3
y=mx+b
y=-3x+3
3x+y=3 or y=-3x+3

60.

61.

62.

63.

64.

65.

66.

67.

Slope =—2; y-intercept =—2
y=mx+b
y=—2x+(-2)

2x+y=—-2 or y=—2x-2

x-intercept =—4; y-intercept =4
Points are (—4, 0) and (0, 4)
4-0 4
m= _a_
0-(-4) 4
y=mx+b
y=1x+4
y=x+4
x—y=—4 or y=x+4

x-intercept =2 ; y-intercept =—1
Points are (2,0) and (0,—1)
-1-0 -1 1
m=—==—=—
0-2 -2 2
y=mx+b
1
=—x-1
Y 2

x—=2y=2 or y:%x—l

Slope undefined; containing the point (2, 4)
This is a vertical line.
x=2  No slope-intercept form.

Slope undefined; containing the point (3, 8)
This is a vertical line.
x=3  No slope-intercept form.

Horizontal lines have slope m =0 and take the
form y =5, . Therefore, the horizontal line

passing through the point (—3, 2) is y=2.

Vertical lines have an undefined slope and take
the form x=a . Therefore, the vertical line

passing through the point (4,-5) is x=4.

Parallel to y =2x; Slope =2
Containing the point (-1, 2)
y=y =mx—x)
y=2=2(x-(-1)
y=2=2x+2—>y=2x+4
2x—y=—-4 or y=2x+4
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68.

69.

70.

71.

72.

73.

74.

Parallel to y = —3x; Slope =—3; Containing the
point (-1, 2)
Y=y =m(x-x)
y—2=-3(x—(-1)
y—2=-3x-3->y=-3x-1
3x+y=—1or y=-3x-1

Parallel to x—2y=-5;
Slope = %; Containing the point (0,0)
Y=y =m(x—x)

1 1
—0==x-0)>y==—x
y S =0 y=2

1
x—2y=0 or y:Ex

Parallel to 2x—y =—-2; Slope =2
Containing the point (0, 0)
y=y =m(x-x)
y—0=2(x-0)
y=2x
2x—y=0 or y=2x

Parallel to x =5 ; Containing the point (4,2)
This is a vertical line.
x=4 No slope-intercept form.

Parallel to y =5 ; Containing the point (4, 2)
This is a horizontal line. Slope =0
y=2

Perpendicular to y = %x +4; Containing the
point (1, -2)
Slope of perpendicular = —2
Y=y =m(x—x)
y=(=2)==2(x-D)
y+2=-2x+2—>y=-2x
2x+y=0 or y=—2x

Perpendicular to y = 2x -3 ; Containing the
point (1, -2)

75.

76.

77.

78.

79.

Section 1.5: Lines

Slope of perpendicular = —%
y_yl = m(x—xl)

y—<—2)=—%<x—1>

+2——lx+l—> ———)c—E

Y 2 27T
1 3
x+2y=-3 or y=——x——
Yy y 275

Perpendicular to x—2y = -5 ; Containing the
point (0, 4)
Slope of perpendicular = -2
y=mx+b
y=-2x+4
2x+y=4 or y=-2x+4

Perpendicular to 2x + y = 2; Containing the
point (-3, 0)
. 1
Slope of perpendicular = 5
y=y =m(x-x)

1 13
—0=—(x—(-3) > y=—x+>
y 2( (=3)—>y 7*t3
13
Xx-2y=-3 or y=—x+=>
y y=gxts

Perpendicular to x =8 ; Containing the point (3,
4) Slope of perpendicular=0 (horizontal line)
y=4

Perpendicularto y =8;

Containing the point (3, 4)
Slope of perpendicular is undefined (vertical
line). x =3 No slope-intercept form.

y=2x+3; Slope=2; y-intercept =3

¥
8

(0,3)
||||/_|||||>x
/o

-
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Chapter 1: Graphs

80. y=-3x+4;Slope=-3; y-int t=4 .
Y * ope y-intereep 84. y=2x +% ; Slope =2 ; y-intercept = %

0,4 J
©,4 p
LD 1,3
T Y Y W Y . (0,; (2)
-5 5 T N Y .
2,-2) -5 5
-5
-5

1
81. —y=x-1; y=2x-2Slope=2; 1
2 85. x+2y=4;2y=—x+4>y=——x+2
y-intercept =2 2

1
y Slope = ) ; y-intercept =2
YA

5
. \
e (0,2)%3
I I I | |

-5

[

=
e
/‘

1 1
82. —x+y=2; y=—-x+2
3T TS

1
1 . - =6:3y= =_
Slope:—g; y-intercept =2 86. —x+3y=6;3y=x+6—>1y 3x+2

YA Slope = % ; y-intercept =2
5 —
\: A
(-3.3) ot 3.1 sp
I IO - ©,2) /
~ TR T I I
~ -5 L 5
-5 B
1 1 . -5
83. y= §x+ 2; Slope = E; y-intercept =2

YA

5
0,2)L~2 3)

||/(‘_|||||.;x
5

/

-5

48
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Section 1.5: Lines

90. x—y=2; y=x-2
Slope =1; y-intercept =2

¥
5

87. 2x-3y=6; —3y=—2x+6—>y=§x—2

3

T T T T

Slope = % ; y-intercept =—2

91. x=-4; Slope is undefined

y-intercept - none

v
88. 3x+2y=6; 2y:—3x+6—>y:—%x+3 J 5
3 .
Slope =——; y-intercept =3 (—4.0)
Zy 3 X
5
©.3) '
L (2]0? | 92. y=-1; Slope=0; y-intercept =—1
-5 57 YA
5_
“.-3) -
-5 —
Lt o
1 v =5 o
89. x+y=1; y=—x+1 < RS
Slope =—1; y-intercept =1 L
YA _5:
2
©, 1) 93. y=5; Slope=0; y-intercept=>5
I I \ [ A
-2 ONE 5[
~ _ (0, 5)
wyn _
L i
-5 L 5
i, .

49
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94. x=2; Slope is undefined

95.

96.

97.

y-intercept - none

yi
5 A
(2,0)
—ie —
- X
Y
y—x=0; y=x
Slope=1; y-intercept =0
YA
5_
- )
Ll 111 A 111
-5 | (0,0) 5
5
x+y=0; y=—x
Slope =—1; y-intercept =0
YA
S_
(2,2 B
I N A O Y
=5 ©, 0
-5+

3
2y-3x=0; 2y=3x—>y=§x

Slope:%; y-intercept =0
¥
5
2.3)
|||ﬁ0’|0)|||||>x
-5 5
-5

98.

99.

100.

3x+2y=0; Zy:—3x—>y:—%x

Slope = —% ; y-intercept =0

.-"'I"'-
[
I-\J

-

T T 171

Y Y Y I O I A
5

T T
=
|
]

x-intercept: 2x+3(0)=6
2x=6
x=3

The point (3,0) is on the graph.
y-intercept: 2(0) +3y=6
3y=6
y=2

The point (0,2) is on the graph.

x-intercept: 3x—2(0) =6
3x=6
x=2

The point (2,0) is on the graph.

y-intercept: 3(0) -2y=6
-2y=6
y=-3
The point (0,-3) is on the graph.
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101. a.

102. a.

x-intercept: —4x+5(0) =40
—4x =40
x=-10
The point (—10,0) is on the graph.

y-intercept: —4 (O) +5y=40
Sy=40
y=38
The point (0,8) is on the graph.

A\!
10

(0, 8)

T T

=10.0) A7) 1 [ B B
Ao 10

TTTTT

-10

x-intercept: 6x—4(0)=24
6x =24
x=4
The point (4,0) is on the graph.
y-intercept: 6(0) —-4y=24
4y =24
y=-6
The point (0,—6) is on the graph.

103. a.

104. a.

Section 1.5: Lines

14\0}/7
I N T T A I " .

wh

(0, 4;)/

x-intercept: 7x+2(0) =21
Tx=21
x=3
The point (3,0) is on the graph.

y-intercept: 7(0)+2y =21
2y =21
2

79

21
2

10

The point (0, j is on the graph.

x-intercept: 5x+ 3(0) =18

5x=18
18
N

X
. (18 .
The point ?,0 is on the graph.

y-intercept: 5 (0) +3y=18
3y=18
y=6
The point (0,6) is on the graph.
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105. a.

106. a.

-10
x-intercept: l)c+1(0)—1
PEorT3

lx:1
2

x=2
The point (2, 0) is on the graph.
intercept: l(0)+l =1
y s 3

1
~y=1
37

y=3
The point (0,3) is on the graph.

y
(0,3)

§\L(2.n) ,
I T | ] | I

-5 5

2
x-intercept: x— 5(0) =4
x=4
The point (4,0) is on the graph.
. 2
y-intercept: (0)— 3= 4

2
_Zy=4
3y

y=-6
The point (0,—6) is on the graph.

107.

108.

| |

|
tn

(0, —i)/

x-intercept: 0.2x—0.5 (O) =1
02x=1
x=5

The point (5, O) is on the graph.

y-intercept: 0.2(0)-0.5y =1
-0.5y =1
y=-2
The point (O, —2) is on the graph.

,‘.
5_
B 5.0
L1111 11 |( | )1/
-5 B 5 X
/_((}.—2)
Sk

x-intercept: —O.3x+0.4(0) =1.2
—03x=1.2
x=-4

The point (—4,0) is on the graph.
y-intercept: —0.3(0)+0.4y =1.2
04y=12

y=3

The point (0,3) is on the graph.
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109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

The equation of the x-axis is y =0 . (The slope is
0 and the y-intercept is 0.)

The equation of the y-axis is x =0. (The slope is
undefined.)

The slopes are the same but the y-intercepts are
different. Therefore, the two lines are parallel.

The slopes are opposite-reciprocals. That is, their
product is —1 . Therefore, the lines are
perpendicular.

The slopes are different and their product does
not equal —1 . Therefore, the lines are neither
parallel nor perpendicular.

The slopes are different and their product does
not equal —1 (in fact, the signs are the same so

the product is positive). Therefore, the lines are
neither parallel nor perpendicular.

Intercepts: (0,2) and (—2,0). Thus, Slope=1.
y=x+2 or x—y=-2

Intercepts: (O,l) and (1,0) . Thus, Slope=-1.
y=—x+1or x+y=1

Intercepts: (3,0) and (0,1). Thus, Slope:—%.
1
y:—§x+1 or x+3y=3

Intercepts: (0,—1) and (—2,0). Thus,

1
Slope =——.
P 2

1
y=—5x—1 or x+2y=-2

119.

120.

121.

122.

Section 1.5: Lines

R =(-2.5), B =(13):

3-5 -2 2
m1: = = ——

1-(=2) 3 3
132:(1’3)’133:(_1’0):%:ﬂ:§

Since m, -m, =—1, the line segments ﬁ and

0-3 3

P, Py are perpendicular. Thus, the points A, P,
and P; are vertices of a right triangle.

1-(-1) 2 -1
= :—; _—:3’
M T T Ty Ty
4-2 2 2—(-1)
—_— = = :3
TS T3 T

Each pair of opposite sides are parallel (same
slope) and adjacent sides are not perpendicular.
Therefore, the vertices are for a parallelogram.

R=(-10), B, =(23), B=(1,-2), P, =(41)

ey = 3-0 :5:1;%4=1"3:_1,
2-(-1) 3 2
(2)_3_, , _20__

Ny 1-1 3 i —1_(_1)

Opposite sides are parallel (same slope) and
adjacent sides are perpendicular (product of slopes
is —1). Therefore, the vertices are for a rectangle.

£ =(0,0), »=(13), A=(42), A, =(3,-1)
30 4., _2=3__1

270 TP 41 3
-2, -1-0_ 1

M ST T TR Ty

dy, :\[(3—4)2+(—1—2)2 =J1+9 =410
dy =(3-0)" +(~1-0)* =\O+1 =10

Opposite sides are parallel (same slope) and
adjacent sides are perpendicular (product of
slopes is —1 ). In addition, the length of all four
sides is the same. Therefore, the vertices are for a
square.
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123.

124.

125.

126.

127.

128.

Let x = number of miles driven, and let C = cost
in dollars.

Total cost = (cost per mile)(number of miles) +
fixed cost

C =0.60x+39

When x=110, C=(0.60)(110)+39 = $105.00.
When x =230, C=(0.60)(230)+39=$177.00.

Let x = number of pairs of jeans manufactured,
and let C = cost in dollars.

Total cost = (cost per pair)(number of pairs) +
fixed cost

C =20x+1200

When x =400, C =(20)(400)+1200 = $9200.
When x =740,
C =(20)(740)+1200 = $16,000.

Let x = number of miles driven annually, and
let C = cost in dollars.

Total cost = (approx cost per mile)(number of
miles) + fixed cost

C=0.28x+6578

Let x = profit in dollars, and let S = salary in
dollars.

Weekly salary = (% share of profit)(profit) +
weekly pay

S =0.05x+525

a. C=0.13x+17; 0<x<150

YA
REEE (150, 36.5)
40 [- Ll il
H - ]
20 e
l0.17
0 50 100 150 x

¢. For 50 miles,

C= 0.13(50) +17 =$23.50
d. For 120 miles,

C= 0.13(120)+ 17 =$32.60

e. Forevery I-mile in distance traveled, the
cost will increase 13 cents.

a. C=60+0.25x

54

200 300 x

0 100

¢. For 20 minutes,
C= 60+O.25(20) =$65.00

d. For 60 minutes,
C=60+ 0.25(60) =$75.00
e. For every 1-minute increase in international

calls the cost will increase by $0.25
(that is, 25 cents).

129. (°C,°F)=(0,32); (°C,°F)=(00,212)
212-32 180 9
slope =——=——=—
100-0 100 5
°F—32=2(°C—O)
5
9
°F -32==(°C
5( )
5
°C==(°F-32
9( )
If °F =70, then
5 5
°C==(70-32)==(38
9( ) 9( )
°C ~21.1°
130. a. K="C+273
5
b. °C==(°F-32)
9
5
K=§(°F—32)+273
K:§°F—@+273
9 9
K=§°F+2297
9 9
131. a. The y-intercept is (0, 30), so b =30. Since

the ramp drops 2 inches for every 25 inches
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132. a.

of run, the slope is m = _—2 = —l . Thus,
25 25

2
the equationis y=——x+30.
q y 25

Let y=0.

O:—ix+30
25

ix:30
25

E ix = §(30)
2\25 2
x =375
The x-intercept is (375, 0). This means that

the ramp meets the floor 375 inches (or
31.25 feet) from the base of the platform.

No. From part (b), the run is 31.25 feet which
exceeds the required maximum of 30 feet.

First, design requirements state that the
maximum slope is a drop of 1 inch for each
. . 1
12 inches of run. This means |m| < TR
Second, the run is restricted to be no more
than 30 feet = 360 inches. For a rise of 30
inches, this means the minimum slope is

ﬂ = i . That is, |m| > L . Thus, the only
360 12 12

possible slope is |m| = % . The diagram

indicates that the slope is negative.
Therefore, the only slope that can be used to
obtain the 30-inch rise and still meet design

. . 1
requirements is m = I In words, for

every 12 inches of run, the ramp must drop
exactly 1 inch.

Let x represent the percent of internet ad
spending. Let y represent the percent of print
ad spending. Then the points (0.19, 0.26)
and (0.35, 0.16) are on the line. Thus,
m=10226__10_ s Using the
35-19 16
point-slope formula we have
y—26=-0.625(x—-19)
y—26=-0.625x+11.875

y=-0.625x+37.875

Section 1.5: Lines

b. x-intercept: 0=-0.625x+37.875
—37.875=-0.625x
60.6 = x
y-intercept: y =—0.625(0)+37.875
=37.875

The intercepts are (60.6, 0) and (0, 37.875).

c. y-intercept: When Internet ads account for
0% of U.S. advertisement spending, print
ads account for 37.875% of the spending.
x-intercept: When Internet ads account for
60.6% of U.S. advertisement spending, print
ads account for 0% of the spending.

d. Let x=39.
y=-0.625(39)+37.875=13.5%

133. a. Letx =number of boxes to be sold, and
A = money, in dollars, spent on advertising.
We have the points
(%, A)) = (100,000, 40,000);
(x,, A,) = (200,000, 60,000)
60,000 — 40,000

slope =
200,000 -100,000
_ 20,000 1
100,000 5

A—40,000=%(x—100,000)
A—40,000=%x—20,000
1
A=< x+20,000

b. If x=300,000 , then

A= %(300, 000)+ 20,000 = $80,000

c. Each additional box sold requires an
additional $0.20 in advertising.

134. 2x—-y=C
Graph the lines:
2x—-y=-4
2x—y=0
2x—y=2
All the lines have the same slope, 2. The lines

55
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are parallel.

135. Put each linear equation in slope/intercept form.

136.

x+2y=5 2x-3y+4=0 ax+y=0
2y=—x+5 —-3y=-2x-4 y=-ax
e les 2

2 2 3 3
If the slope of y =—ax equals the slope of either
of the other two lines, then no triangle is formed.
So, —a:—l:>a:l and —a:E:a:—%.

3 3

Also if all three lines intersect at a single point,
then no triangle is formed. So, we find where

1 2 4 .
y=——x+— and y =—x+— intersect.
2 3 3

2
1 5 2 4
——Xt—=—x+-—
2 2 3 3
7 7
=2
6 6
x=1
1 5
—DH+==2
2() 2

The two lines intersect at (1, 2). If y =—ax also
contains the point (1, 2), then
2=—a-1=a=-2.

The three numbers are %,—%, and -2.

The slope of the line containing (a,b) and
(b,a) is

a-b
b—a -
The slope of the line y=x is 1.

-1

The two lines are perpendicular.

The midpoint of (a,b) and (b,a) is
M :[a+b, b+aj .
2 2

Since the x and y coordinates of M are equal, M
lies on the line y=x.

Note: a+b =b+a
2 2

137. The three midpoints are

O+a 0+Oj_ a 0 a+b O+c) (a+b Ej
2 72 27 )2 7 2 2 72
(0+b O+cj (b cj

and | —, = —=,— .
2 2 22

Line 1 from (0,0) to (“;b %j

€0
__2 __¢ .
CH'b_O a+b’
c
-0= x=0
Y a+b( )
c
= X
a+b

Line 2 from (a, 0) to (é,fj
22

0
" Tb-2a b2
2 2
c
-0= x—a
y Y
Cc
= X—a
y=g 5 x=a)

Find where line 1 and line 2 intersect:

56
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138.

Cc

x= x—a
a+b b—Za( )
b-2a B
a+b
b-2a-a-b
=—a
a+b
—3a
xX=-a
a+b
a+b
x= ;
3

Substitute into line 1:
c a+b c

Y arp 3 3

So, line 1 and line 2 intersect at [angj

Show that line 3 contains the point (a b , c) :

33
2c (a+b a 2c 2b-a c
y = — - — | = . = — SO
2b—al\ 3 2 2b—a 6 3
the three lines intersect at (GTJFb’%j

Refer to Figure 69. Assume mym, =—1. Then

[d(A,B)]' = (1-1)> +(m —my)?
= (my _m2)2
= ml2 —2mym, + m22
=m?> =2(-1)+m,”
= m]2 + m22 +2
Now,
[d(0,B)]' = (1-0)> +(m; —0)* =1+m>
[d(0, AT =1-0)*+(m, —0)* =1+m,>

So
[d(0,B)] +[d(0, AT =1+m? +1+m,>
=m? +m? +2=[d(AB)]

By the converse of the Pythagorean Theorem,
AAOB is aright triangle with right angle at
vertex O. Thus lines OA and OB are
perpendicular.

Section 1.5: Lines

139. (b), (c), (e) and (g)

The line has positive slope and positive
y-intercept.

140. (a), (c), and (g)

The line has negative slope and positive
y-intercept.

141. ()

The equation x—y =-2 has slope 1 and y-
intercept (0, 2). The equation x—y =1 has slope 1
and y-intercept (0,—1). Thus, the lines are parallel

with positive slopes. One line has a positive y-
intercept and the other with a negative y-intercept.

142. (d)

The equation y —2x =2 has slope 2 and y-
intercept (0, 2). The equation x+2y =—1 has

1 . 1 .
slope ) and y-intercept (0,—5) The lines are

1
perpendicular since 2(—§j =—1. One line has a

positive y-intercept and the other with a negative
y-intercept.

143 — 145. Answers will vary.

146. No, the equation of a vertical line cannot be

written in slope-intercept form because the slope
is undefined.

147. No, a line does not need to have both an x-

intercept and a y-intercept. Vertical and
horizontal lines have only one intercept (unless
they are a coordinate axis). Every line must have
at least one intercept.

148. Two lines with equal slopes and equal

y-intercepts are coinciding lines (i.e. the same).

149. Two lines that have the same x-intercept and y-

intercept (assuming the x-intercept is not 0) are
the same line since a line is uniquely defined by
two distinct points.

150. No. Two lines with the same slope and different x-

intercepts are distinct parallel lines and have no
points in common.
Assume Line 1 has equation y =mx+b; and Line

2 has equation y =mx+b,,

. . b .
Line 1 has x-intercept —— and y-intercept b,.
m
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151.

152.

153.

. . b .
Line 2 has x-intercept ——2 and y-intercept b, .
m

Assume also that Line 1 and Line 2 have unequal

x-intercepts.

If the lines have the same y-intercept, then b, =b, .
h b, b_ b

b=b,=—= =
m m m m
by

But — = —b—2 = Line 1 and Line 2 have the
m m

same x-intercept, which contradicts the original

assumption that the lines have unequal x-intercepts.

Therefore, Line 1 and Line 2 cannot have the same
y-intercept.

Yes. Two distinct lines with the same y-intercept,
but different slopes, can have the same x-intercept
if the x-interceptis x=0.

Assume Line 1 has equation y =mx+b and Line

2 has equation y =m,x+b,

. . b .
Line 1 has x-intercept —— and y-intercept b .
m

. . b .
Line 2 has x-intercept ——— and y-intercept b .
)
Assume also that Line 1 and Line 2 have unequal
slopes, that is my #m,.
If the lines have the same x-intercept, then
b b

m my
b b
m my
—myb =—-mb

—myb+mb =0
But —m,b+mb =0:>b(m1 —m2)=0

=b=0

or m—m, =0=m =m,
Since we are assuming that my #mj,, the only way

that the two lines can have the same x-intercept is
if b=0.

Answers will vary.

Yo=Y _

X =X

—4-2 _-6_ 3

1-(-3) 4 2

It appears that the student incorrectly found the
slope by switching the direction of one of the
subtractions.

58

Section 1.6
1. add; (110)° =25

2. (x-2)*=9
x—2=i\ﬁ
x—2=23

x=2%3

x=5 or x=-1
The solution set is {—1, 5}.

3. a. Center: (0,0);radius 1; x* +y> =1
b. x*+y*=9
2, .2

c. Xx +y =25

d. Center: (2,1); (x—2)2+(y—1)2 =9
e. Center: (-2,1); (x+ 2)2 +(y-D*=9
f. Center: (-2,-2); (x+2) +(y+2)* =9
g. Center: (5,—7);radius 6

4. a. Center: (4,0); (x—4)2 +y?=9:No y-

intercepts; x-intercepts: 1,7

b. Center: (4,-3); (x - 4)2 +(y+ 3)2 =9:No

y-intercepts; x-intercepts: 4
2 .
c. (x—4) +(y+4)* =9;No y-intercepts; No
x-intercepts
d. One x-intercept

e. No y-intercepts

5. False. For example, X+ y2 +2x+2y+8=0
is not a circle. It has no real solutions.

6. radius
7. True; r>=9—>r=3
8. False; the center of the circle
(x+3)" +(y-2)° =13 is (-3,2).
9. d
10. a
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Section 1.6: Circles

11. Center=(2, 1) General form: x* +y* —9=0
Radius = distance from (0,1) to (2,1) j

=J2-02+a-1 =2 =2

Equation: (x—2)>+(y—1)* =4

12. Center =(1, 2)
Radius = distance from (1,0) to (1,2)

= Ja-?+ -0y =a=2 -
Equation: ()c—1)2+(y—2)2 =4 17. (x—h)2+(y—k)2 — 2

2 2 _ 2
13. Center = midpoint of (1, 2) and (4, 2) (x=0)"+(y=-2)" =2

=(ﬂ 2+2)=(§ )) 4 (y-2)° =4
2 2 2 General form: x2+y2—4y+4:4
Radius = distance from (%,2) to (4,2) X +y —4y=0
2 y
= (4—§j +(2—2)2:\ﬁ:E 5
2 4 2
©.2)

Equation: [ x—- 2+( —2)2—2
quation: | x== y 2 ;||| ||||5.;x

14. Center = midpoint of (0, 1) and (2, 3)
B (0 +2 143

212209 ’

Radius = distance from (1,2) to (2,3) 5 ,
18. (x—h)>+(y—k)> =r

:4?(2—1)2-1-(3—2)2:\/5 (x=1)* +(y—0)* = 3

Equation: ()c—1)2+(y—2)2 =2 (x=1%*+y>=9
General form: x*> —2x+1+ y2 =9

15. (x—=h)’+(y—k)* =r*
x*+y?—2x-8=0

(x=0)*+(y—0)> =22
) ) YA
x“+y =4 =

General form: x* + y2 -4=0

y /—
5 L fi g1y x

-5 L (1, 0) 5
L1 (
N

(0, 0) L
3

-5+

19. (x—h)>+(y—k)> =r?

_4)2 _(_2))\2 _ 52

16. (x—i) +(y—-k)*=r (x=4) +2(y (3»2 5

. (x—=4)"+(y+3)" =25
(= 0)2 +O- 0)2 =3 General form:

X +y*=9

-5

59
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x> —8x+16+y> +6y+9=25 22, (x—h’+(y—ky’=r
x> +y?—8x+6y=0 (x=(=5)* +(y—(=2)* =7
YA (x+5)7+(y+2)* =49
|2:| TN General form: x2 +10x+ 25+ y? +4y+4 = 49
-1 Y x*+y?+10x+4y-20=0

L J
@3

-8

20. (x—h)*+(y—k)?=r*
(x=2 +(y—(-3))* =4
(x=2)2+(y+3)* =16
General form: x2—4x+4+y2+6y+9:16

X +y?—dx+6y-3=0

-8

2. (x—h)?+(y—-k)*=r*
(= (2D +(y-1? =47
(x+2)*+(y-D*=16

General form: x> +4x+4+y* —2y+1=16

X +y +4x—2y-11=0
¥y

IIKII!IIIII
=
—_
=
|
[«)
SN—"

(S}
+
TN
~
|
TN
|
| —
~—
N7
[\S}
I
TN
N | =
~—
[ S}
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42 2 _ —
General form: x2+y2+y+l=l General form: x” +6x+9+y° —4y+4=20
4 4 X +y +6x—4y-7=0

x2+y2+y:0 y“
Yy
2F 7
i (_302)
! ! ! L *
oW :
1 —8\_// X
(0.-3)
ok
27. x*+y*=4

25. (x—h)*+(y—-k)?=r?
(x=5 +(y-(-1)* = (Vi3)
(x=5)2+(y+1)*=13

General form:
X2 —10x+25+y* +2y+1=13
x4+ —10x+2y+13=0

)C2+y2=22

a. Center: (0,0); Radius=2

= L1
5 5
4
T c. x-intercepts: x” +(0 1.4
X’ =4
x=tf4 =52
. 2 5
y-intercepts: (0)” +y° =4
26. (x—h)? +(y—k) =1 (0) L
y =
2
(x—(-3))? +(y—2)2:(2\/§) -
(x+3)° +(y-2)" =20 The intercepts are (-2,0),(2,0), (0,-2),

and (0,2).

28. X2+(y-D*=1
X H(y-)* =1
a. Center:(0, 1); Radius =1
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Chapter 1: Graphs

b. Yy y-intercepts: (0—3)2 +y =4
5
(-3 +)* =4
(0’1) 9+ y2 = 4.
2 _
L1l L1l 1 y'=-5
-5 5 No real solution.
The intercepts are (1,0) and (5,0).
4
30. 3(x+1)°+3(y-1)’=6
c. x-intercepts: x> +(0-1)* =1 (x+1)2 +(y—1)2 =2
2
x“ +1=1
5 a. Center: (—1,1); Radius = \/E
x =0
y
x= i\/a =0 5
y-intercepts: (0)2 +(y-D*=1 L)
(y-1*=1
y-l=+1 L1l [
y—1==1 -5 5
y=1=x1
y=2 or y=0 —4

The intercepts are (0, O) and (0,2). ¢ wintercepts: (x+1)2 +(0_1)2 _y

29. 2(x-3)"+2y*=8 (x+1) +(-1)° =2
X3V +y2 =4 x+1)+1=2
(x-3)

a. Center: (3, 0); Radius =2 (x+1)2:1
b. YA x+l=+1
S5 x+1==1
: (390) x——li]
L x=0 or x=-"2
v T f X y-intercepts: (O+1)2+(y—1)2=2
- :u (1) +(y-17 =2
= 1+(y-1) =2
AR (v )2
(y=1)" =1
-intercepts: ()c—3)2+(0)2 =4
c. x-in pts: y—lzi\ﬁ
(x=3)° =4 y-1=+1
x-3=14 y=1£l
x-3=12 y=2 ory=0
x=3+2 The intercepts are (—2,0),(0,0), and (0,2).
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31. x2+y2—2x—4y—4=0
x2—2x+y2—4y:4
(P =2x+D)+(y —dy+4) =4+1+4
(=D +(y-2)* =3
a. Center: (1, 2); Radius =3
b. Y

c. x-intercepts: (x—1)> +(0-2)* =37
(x=1?+(=2)* =32
(x=1)" +4=9

y-intercepts: (0—1)% +(y—2)? = 3?
D +(y-2)" =3
1+(y-2)*=9
(y—2)2 =8
y-2=+8
y—2=122
y=2+2{2
The intercepts are (1—\/3, 0), (1+\/§, 0),

(o,z-zﬁ),and (o,2+2J§).

32. X2+ y? +4x+2y-20=0
X +4x+y*+2y=20
(X +4x+4)+ (Y2 +2y+1)=20+4+1
(x+2)+(y+1)* =5
a. Center: (-2,—1); Radius =5

Section 1.6: Circles

b. ¥
5

>

[ ]
(-2-D

-5

c. x-intercepts: (x+2)> +(0+1)* =52
(x+2)*+1=25
(x+2)* =24
x+2:i\/ﬁ
x+2=+26
x=-2+26
y-intercepts: (0+2)> +(y+1)> =5°
4+(y+1)*=25
(y+1)? =21
y+1:i\/i
y=—1%£21

The intercepts are (—2 — 2\/6 s 0),
(-2+26,0), (0,~1-+21), and
(0,—1+\/ﬁ).

33. X +y +4x—4y-1=0
x2+4x+y2—4y=l

(F +4x+d)+(y* —dy+4) =1+4+4
(x+2)? +(y—2)* =3*
a. Center: (-2, 2); Radius =3

y

(=2,2)
®

INL L1111
-5 N 5 X
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c. x-intercepts: (x+2)*+(0—2)> =32

(x+2)*+4=9
(x+2)* =5

x+2:i\/§

x:—2i\/§

y-intercepts: (0+2)> +(y—2)> =37

4+(y-2)*=9
(y-2%=5

y-2=25
y=2%5

The intercepts are (—2 — \/g s 0),

(—2+J§, o), (0,2—J§), and (0,2+\/§).

34. X +y?—6x+2y+9=0
x* —6x+y> +2y=-9
(x* —6x+9)+(y* +2y+1)=—9+9+1
(x=3)+(y+D*=1?
a. Center: (3,-1); Radius=1

b. Y
5

A

h

1

I T T .

=2

c. x-intercepts: (x—3)2 + (O+1)2 =1

L

=

5

(3,-1)

2

(x=3)%+1=1
(x=3)° =0
x—-3=0
x=3

y-intercepts: (0—3)> +(y+1)* =12

No real solution.

The intercept only intercept is (3, O) .

9+(y+1* =1
(y+1)*=-8

35. X +y —x+2y+1=0

xz—x+y2+2y=—l

2 1) 2 1
X =x+—= [+ +2y+D)=-1+—+1
( ) " +2y+D) 1

2 2
etf ()

Center: [l,—lj ; Radius = l
2 2

®

b. i

2_

2 (%‘_l)

No real solutions

-intercepts: (0—1)2 +(y+1)? —(1)2
y pts: | 0= | +(y ;

The only intercept is (0,—1).

36. x2+y2+x+y—%=0

P arx+yi+y=
e feored)
axd— [+ YV +y+—|=
[ L)Y
2 2
()Hlj +(y+lj =1
2 2

a. Center: (—l,—lj; Radius =1
2 2

+—+

N = =

1.1
4 4
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Il
—_
S

, 1Y
y-intercepts: O+E +| v+

8]

ENGE
+
VR
<
+
D= = =
I NG RO

— o
Il
—_

%

~
+
|
I
H
Mo

pe)

|
—_

y:

2
The intercepts are {_1_\/3,0} (_H\E,O
2

2
(0, ‘1“5} and (0, ‘”‘Ej.
2 2

37.  2x*+2y? —12x+8y-24=0

x? +y2 —6x+4y=12
X —6x+y>+4y=12

(* —6x+9)+(y* +4y+4)=12+9+4
(x=3°+(y+2)*=5"

a. Center: (3,-2); Radius=5

38.

Section 1.6: Circles

74 T . W .
1 5

x-intercepts: (x=3+(0+2)* =5
(x=3)’ +4=25
(x-3)" =21
x—3:ix/i
x:3ix/ﬁ

y-intercepts: (0—3)% +(y+2)* =57
9+(y+2)° =25

(y+2)° =16

y+2=14

y=-2%4
y=2 or y=-6

The intercepts are (3—@, O), (3+\/ﬁ, O),
(O,—6), and (O, 2).
2x* +2y* +8x+7=0
2x% +8x+2y* =7
7
2 2
X +4x+y =——
Y 2
(x2+4x+4)+y2:—%+4
1
x+2)7 +y* ==
(x+2)"+y 3

2
()c+2)2 + y2 = [QJ

2

Center: (-2, 0); Radius = g
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Chapter 1: Graphs

(-2,0)

T T T T T 17T
n
=

-5

c. x-intercepts: (x+ 2)? -i—(O)2 =

==

(x+ 2)2 =

x+2=+=

& oT=

x+2=+%

H ™

|5

x=-2
y-intercepts: (0+2)% + y* =

4+y* =

N ==

No real solutions.

The intercepts are [—2 - g , OJ and

(—2+£,O].
2

39. 2x7+8x+2y*=0
x* +4x+y* =0
X +4x+4+y2=0+4
()c+2)2+y2:22
a. Center: (—2,0); Radius: r=2

G

66

c. x-intercepts: (x+ 2)2 + (0)2 =2?
(x+2)° =4

(x+2)2 =+/4

x+2=%42

x=-2%+2

x=0 or x=—4

y-intercepts: (0+ 2)2 +y?=22

4+y° =4
¥’ =0
y=0

The intercepts are (—4,0) and (0,0).

40. 3x*+3y*—12y=0
X4y —4y=0
X +y —4y+4=0+4
x2+(y—2)2:4
a. Center: (0,2); Radius: r=2

b. Yy
5k

T

c. x-intercepts: x” +(0— 2)2 =4
X +4=4

=0

[SER
Il

oo
H + & &~ O

—

y-intercepts: 0% + ( y-— 2)
)2

(y-2

y—=2
y—-2
y

Il
)

+

[\

y=4 or y=0
The intercepts are (0,0) and (0, 4).
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41.

42,

43.

44.

45.

46.

Center at (0, 0); containing the point (-2, 3).
r=\(-2-0) +(3-0)’ =\4+9 =13

Equation: (x—0)2 +(y—0)? = (\E )2

x2+y2:13

Center at (1, 0); containing the point (-3, 2).

r =\/(—3—1)2 +(2-0)° =16+4 =20 =25

Equation: (x— D? + (y— 0)? = (m)z
(x=1*+y*> =20

Endpoints of a diameter are (1, 4) and (-3, 2).
The center is at the midpoint of that diameter:

1+(=3) 4+2
Center: [ * 3),;

2] (1)

Radius: r=/(1-(=1)> +(4=3)> =JA+1=+5

Equation: (x—(~1))? +(y~3)" =(v5)
(x+D*+(y-3)* =5

Endpoints of a diameter are (4, 3) and (0, 1).
The center is at the midpoint of that diameter:

Center: [ﬂﬂj =(2,2)
2 2

Radius: r=J(4-2)2+(3-2) =4+1=+5
Equation: (x=2)*+(y-2)* = (ﬁ)z
(x=2°+(y-2)* =5
C=2nr

167 =2xr
r=38

(x=2)> +(y—(4)* =(8)
(x=2)2 +(y+4)* =64

A=7r?
497 = zr?

r=7

(x—=(=5)* +(y-6)* =(7)’
(x+5)* +(y—6)> =49

47.

49.

50.

52.

Section 1.6: Circles

(¢); Center: (1,-2); Radius =2

. (d); Center: (-3,3) ; Radius =3

(b) ; Center: (—1,2); Radius =2

(a) ; Center: (3,-3) ; Radius =3

. The centers of the circles are: (4,-2) and (-1,5).

w=l=—z.Usethe
-1-4 -5 5

slope and one point to find the equation of the
line.

Y= (D=4

The slope is m =

7
+2=——x+—
Y 5

S5y+10=-7x+28
Tx+5y=18

Find the centers of the two circles:
X +y?—4x+6y+4=0
(X —dx+4)+(y? +6y+9)=—4+4+9
(x=2)*+(y+3)* =9
Center: (2,-3)

X+ 3y +6x+4y+9=0
(X +6x+9)+(y> +4y+4)=-9+9+4
(x+3) +(y+2)* =4
Center: (-3,-2)

Find the slope of the line containing the centers:
_=2-(3) 1

3-2 5
Find the equation of the line containing the
centers:

1
y+3——§(x—2)
S5y+15=—x+2
x+5y=-13
x+5y+13=0
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Chapter 1: Graphs

53. Consider the following diagram:
A

Vv

v

Therefore, the path of the center of the circle has
the equation y=2.

54. Consider the following diagram:

7,7

Therefore the path of the center of the circle has
the equation x=7.

55. Let the upper-right corner of the square be the
point (x, y) . The circle and the square are both

centered about the origin. Because of symmetry,
we have that x =y at the upper-right corner of

the square. Therefore, we get

X +y*=9
2 +xr=9
2x* =9
P2

2

\F 32
X = _——=—
2 2

The length of one side of the square is 2x . Thus,
the area is

2 32 ’ 2 .
A=s"= 2-7 :(3\/5) =18 square units.

56. The area of the shaded region is the area of the
circle, less the area of the square. Let the upper-

right corner of the square be the point (x, y) .

The circle and the square are both centered about

the origin. Because of symmetry, we have that
x =y at the upper-right corner of the square.

Therefore, we get

xz+y2 =36
X2 +x% =36
2x* =36
=18

x=3\/§

The length of one side of the square is 2x . Thus,

2
the area of the square is (2-3\/5 ) =72 square

units. From the equation of the circle, we have
r =6 . The area of the circle is

zrt = 72'(6)2 =367 square units.

Therefore, the area of the shaded region is
A =36r—72 square units.

57. The diameter of the Ferris wheel was 250 feet, so
the radius was 125 feet. The maximum height
was 264 feet, so the center was at a height of
264 —125 =139 feet above the ground. Since the
center of the wheel is on the y-axis, it is the point
(0, 139). Thus, an equation for the wheel is:

(x=0)” +(y-139)* =125
2 +(y-139) =15,625

58. The diameter of the wheel is 520 feet, so the
radius is 260 feet. The maximum height is 550
feet, so the center of the wheel is at a height of
550—-260 = 290 feet above the ground. Since the
center of the wheel is on the y-axis, it is the point
(0, 290). Thus, an equation for the wheel is:
(x=0)" +(y—290)" = 2607

2 +(y—290)* = 67,600

59.

Grou.nd level

Refer to figure. Since the radius of the building
is 60.5 m and the height of the building is 110 m,
then the center of the building is 49.5 m above
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60.

61.

62.

63.

64.

65.

the ground, so the y-coordinate of the center is
49.5. The equation of the circle is given by

X% +(y—49.5)% =60.5% =3660.25

Complete the square to find the equation of the
circle representing the formula for the building.

X% +y2 =78y +1521=1843+1521=13364
x> +(y—39)* =582

y
I 39
- Grcﬂnd level

Refer to figure. The y coordinate of the center is
39. The radius is 58. Thus the height of the
building is 58+39=97 m.

Center at (2, 3); tangent to the x-axis.
r=3

Equation: (x—2)* +(y—3)> =3?
(x=27+(y=3)*=9

Center at (-3, 1); tangent to the y-axis.

r=3

Equation: (x+3)* +(y—1)* =3°
(x+3)%+(y-1*=9

Center at (-1, 3); tangent to the line y=2.

This means that the circle contains the point
(-1, 2), so the radius is r=1.

Equation: (x+1)* +(y—3)* =(1)*
(x+D*+(y-3)% =1

Center at (4, —2); tangent to the line x=1.
This means that the circle contains the point
(1, -2), so the radius is r=3.

Equation: (x—4)> +(y+2)* =(3)*
(x=4)? +(y+2)? =9

a. Substitute y=mx+b into 2+ y2 =r:

x2 +(mx+b)2 =r’
2 +m?x? +2bmx+b* =r?

(1+m>)x> +2bmx+b*—r* =0

This equation has one solution if and only if

Section 1.6: Circles

the discriminant is zero.

2bm)* =40 +m*)(b* -r*) =0

4b*m* —4b* +4r* —4b*m* +4m*r* =0

—4b* +4r* +4m*r* =0

b+t +m*rt =0

rr1+m?)=b*
b. From part (a) we know

(1+m*)x* +2bmx+b* —r* =0 . Using the

quadratic formula, since the discriminant is
zero, we get:

—2bm —bm  —bmr*  —mr*
X = = = =
20+m?) (b2 b* b
2
—mr?
=m +b
-m?r? —-m’rt+b*
b b b

2 2
The point of tangency is( ”;r ,%]

c. The slope of the tangent line is m .

The slope of the line joining the point of
tangency and the center (0,0) is:

r2
R
[b J S 1

r
b —mr? m

o

The two lines are perpendicular.

66. Let (h, k) be the center of the circle.

x—=2y+4=0
2y=x+4

1
=—x+2

Y 2

o1
The slope of the tangent line is 3 The slope

from (h, k) to (0, 2) is 2.

ﬂ:_z
0-h
2—k=2h

The other tangent line is y = 2x—7, and it has
slope 2.
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68. X’ +y’—4x+6y+4=0

The slope from (A, k) to (3,—1) is —l.
2 (P —dx+4)+ (Y +6y+9)=—4+4+9

k1 e
3-h 2 cont (2(x3—) ) +(y+3)" =9
A enter: (2, —
2+ illi a f : The slope of the line containing the center and
T . 22-3-(=3) 22
h=1-2k (3.2v2-3) is ‘/_3 2( ) _ ‘l/_zzﬁ
Solve the two equations in 4 and k :
2—k=2(1-2k)
2—k=2-4k Then the slope of the tangent line is:
3k =0 -1_ 2
k=0 22 4
h=1-2(0)=1 So, the equation of the tangent line is
The center of the circle is (1, 0). 2
(1.9) y—(2«/§—3)=—§(x—3)
67. The slope of the line containing the center (0,0
P . g (0,0) \/5 3\/5
220 =242 Then the slope of the tangent 4y ~8V2+12=2x+3\2
1-0 Lx+dy=1142-12
-1 \/5

lineis —(==———.
22 4
So the equation of the tangent line is:

y—ZJ_:—%(x—l)
y—2f=—gx+g
4y-82=—2x+2
\/Ex+4y=9\/§

. . + + N | .
69. The center of the circle is (u }’1_2}’2} and the radius is 5\/(x1 —x,)>+(y,—y,)* . Then the equation of

k)

2 2
1
the circle is (x - “szj +£y - LZ)]ZJ = Z[(xl - X, )2 +(y, — y2)2] . Expanding, gives

2 2
X, + X + 1
x> —x(x, +x2)+¥+ y2 -y(y +y2)+%=z|:xl2 —2xx, +x22 +y12 =2y,5, +y22:|

452 —4x1x—4x2x+x12 1 2xx, +x22 +4y2 —4y,y—4y2y+y12 +2y,y, +y22 =x12 - 2x,x, +x22 +y|2 -2y,y, +y22
4x° —dxx—Ax,x+4xx, +4y" —dy, y—4y,y+4y,y, =0
X XXX XX, + Y =y Y=y, Y+ yy, =0
x(x—xl)—xz(X+X1)+)’(y—y1)—y2(y+y1):O
(x=x)(x=x)+(y=2)(y-2)=0

70
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. The slope of the line between the center

)2_d2+e2—4f
2

2
70. Complete the square to get (x + %) + ( y+ ¢

d e . . Yot5 . X0 +%
——,—— | and the point of tangency (xo, yo) is m= . So the slope of the tangent line is m,,, = — .
272 Xo+g Yot?

Xy +
Therefore, the equation of the tangent line is y—y, =— 0 i (x—x,) which is equivalent to

Yo T7s

(=) (3 +4) +(y=30) (30 +5) =0

xx+£x—x2—£x+ +<y—y =<y, =0
X Ty o "5 Yo 2)’ Yo 2)’0

xrt vy + Exr Ly x2 32+ L+ 5y, =0
0oX T Yoy > 2)’ 0o Yo P 2)’0

Because (X, y, ) is on the circle, X2+ ¥y +dxy+ey,+f=0,and  x,* +y, +%x0 +§)’0 :—%xo—gyo -f

Substituting this result gives

XoX + +£)c+E - —ix ¢ -f|=0
0X T Yoy 2 2)’ 5 %o 2)’0

XgX + +£x+E +£x +< +f=0
0X T Yoy 5 2)’ 5 %o 2)’0

x0x+y0y+d(x+2x0j+e(y+2yoj+f:0

71. (b), (¢), (e) and (g) B 2 2
We need /,k >0 and (0,0) on the graph. a. d(R.B)= \/(4_0) +(2-0)
=J16+4=J20=25
72. (b), (e) and (g) b. The coordinates of the midpoint are:
Weneed h<0, k=0, and |h|>r. X+ Y+,
o= (T TJ

73. Answers will vary.

_(0+4 0+2)
74. The student has the correct radius, but the signs L2772 )
of the coordinates of the center are incorrect. The
student needs to write the equation in the c. slope=—="—="=

standard form (x— h)2 +(y - k)2 -
d. When x increases by 2 units, y increases by

(x+3) +(y-2)" =16 1 unit.

(x_(_3))2 +(y-2) =4 2. B=(1,-1) and P, =(-2,3)

Thus, (h.k)=(-3.2) and r=4. a d(Pl,P2)=\/(—2—1)2+(3—(—1))2
Chapter 1 Review =J9+16=25=5

1. B =(0,0) and P, =(4.,2)

71
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Chapter 1: Graphs

b. The coordinates of the midpoint are: 6. y=—x>+15
Xt X + B [ LD
e | [
4 |d Lici=1
_[(1(2) 13 |4 Unarszs”
2 7 9 & Tl Yecl=5
1B-HE+1S Ares=1
(12 (1,
) 2 /\ /\
3—(-1
c s]ope:ﬂ— ( ):i:_i \ .\
Av -2-1 -3 3 |§§E§.a?2553 V=i |§§5.°a?25533 vz
d. When x increases by 3 units, y decreases by GEREGH
4 units. /L\
3. B=(4-4)andP, =(4,8) / \
2 2 =0 ¥=1g
a d(R.B)=(4-4) +(8-(-4)) . ]
The intercepts are (0,15), (—3.87,0), and
b. The coordinates of the midpoint are:
X +Xx + 7. 2x-3y=6
(x,y):(l 2,)’1 yzj y
2 2 —3y=-2x+6
4+4 -4 4
B e +8) §’_ =(4,2) y:Zx_z
2 2 22 3
c. slope= & = 8- (_4) = E,undeﬁned Xx-intercepts: y-intercept:
Ac 4-4 2x-3(0)=6 2(0)-3y=6

d. Undefined slope means the points lie on a

vertical line, in this case x=4. 2x=6 —3y=6
X = 3 y= -2
4. B =(-2,-1) and P, =(3,-1) The intercepts are (3,0) and (0,-2).
2 2
a d(R.R)=\(3-(-2)) +(-1-(-1)) y
=J25+0=+/25=5 L

b.The coordinates of the midpoint are: =

X +x + B
(x,y):[l_z,u) . (3v
2 2 - .
I T L1 11 \>
_ﬂ‘”_(‘l)_l—_z_l_lj - - >
2 2 2’2 2’ /_

- 0.-2)
5
c. Slope:ﬂ:_l_—(_l)zgzo
Ax 3-(-2) 5 2
8. y=x"-9
d. Slope =0 means the points lie on a x-intercepts: y-intercept:
horizontal line, in this case y =—-1. 0=x*-9 y= 0>-9
5. (=4,0).(0,0),(2.0). (0,-2).(0,0).(0.2) 0=(x=3)(x+3) y=-9

x=3 or x=-3
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The intercepts are (-3,0), (3,0), and (0,-9).

_I /x

1 (3.0
0.9
9. x*+2y=16
2y =—x>+16
1,
=——x"+8
T
Xx-intercepts: y-intercept:
x> +2(0)=16 0°+2y=16
=16 2y=16
x=14 y=8

The intercepts are (—4,0), (4, 0) ,and (0,8).

101~

10. 2x =3y’
x-axis: 2x = 3(—y)2

2x =3y same

y-axis: 2(—x) =3y’
—2x=3y* different

origin: 2(—x)= 3(—y)2
—2x=3y? different

Therefore, the graph of the equation has x-axis
symmetry.

11.

12.

13.

14.

Chapter 1 Review Exercises

x*+4y* =16
x-axis: x’ +4(—y)2 =16

x> +4y* =16 same

y-axis: (—x)2 +4y* =16

x? +4y2 =16 same

origin: (—x)2 +4(—y)2 =16
x> +4y* =16 same

Therefore, the graph of the equation has x-axis,
y-axis, and origin symmetry.

y= x=3x2 -4

—y=x*-3x* -4
y=—x*+3x>+4 different

y=(=x)"=3(-x)" -4

y=xt-3x*—4 same

x-axis:

y-axis:

Test origin symmetry: Let x=—x and y=-y.

—y=(-x)' =3(-x)’ -4
-y =x*-3x* -4

y= —x*+3x% +4 different

Therefore, the graph will have y-axis symmetry.

3
y=x —Xx

X-axis: (—y) =x—x

—y=x"—x different

y-axis: y=(-x)’ =(~=x)

y=-x+x different

.. 3
origin: (—y) = (—x) —(—x)
—y=-x"+x

y=x"—x same
Therefore, the equation of the graph has origin
symmetry.
x’ +)c+y2 +2y=0
x-axis: 22 +x+(=y)> +2(~y)=0

x* +x+y?—2y=0 different
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Chapter 1: Graphs

y-axis: (—x)2 +(=x)+y*+2y=0

x* —x+y?+2y=0 different /\L
5

origin: - l
2 2 §§{%3H2H32 =0
(=) +(=2)+(=») +2(-») =0 i
2 —x+ y2 —2y =0 different The solution set is {—2.49,0.66,1.83} .
Therefore, the graph of the equation has none of
the three symmetries. 17. x*—-3=2x+1

Use the Intersect option on the CALC menu.

15. N 10
= L
0 - //r_;_/ >
2 A EREENT fez -1 zmmmoz
-10
10
-4 Inttr’:ﬁ:u-;_/
L ¥=1.6428348 [y=4.zASE590
| -10
(-2,-8) o - The solution set is {—1.14,1.64} .

16. 2 —5x+3=0 18. Slope = -2 ; containing the point (3, - 1) .

Use the Zero option from the CALC menu. y=y =mx—x)
10 y=(=D=-2(x-3)
y+1=-2x+6
/\ y==2x+5
5 L‘\' 5
B - 2x+y=5or y=—2x+5
ZgF
fi=-z.umomey [v=n
-5 (0,5)
10

-5 = 5

-1 ]

H=.EERZ04E |Y=0
-5

/\LL |5|||||||\:5|;C
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19. Slope = 0; containing the point (—5, 4) .

Y=y =m(x—x)
y—4=0(x—-(-5))

y—4=0
y=4

(3.4

04

20. Slope undefined; containing the point (—3, 4).

-3

This is a vertical line.

-

Y

x=-3
No slope-intercept form.
5__
(34¢ 1
.ol |
=5 T 5
5+

21. x-intercept = 2 x- or the point (2, O) ;

Containing the point (4, - 5)

_5-0_-5_ 5

m=———

4-2

2 2

Chapter 1 Review Exercises

Y= :m(x_'x])

y—Oz—%(x—Z)
y :—§x+5

5x+2y=10ory :—§x+5

-5 4,-5)

22. y-intercept = —2 y-; containing the point
(5.-3)
Points are (5, - 3) and (0, - 2)
m=—2"3_1_1

0-5 -5 5
y=mx+b
1
=——x-2
Y775

x+5y=-10 or y:—éx—2

A
5_
Ll iy
-5 B 5
(0,_2)’_\51
5

23. Containing the points (3, —4) and (2, 1)

-4 _5 _
2-3 -l

Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

Chapter 1: Graphs

y—y =m(x—x)
y—(-4) :—S(x—S)

y+4=-5x+15
y=-5x+11
Sx+y=1lory=-5x+11
3
5_
- e
O | | T O
-5 B 5
~ 3,4
_5

24. Parallel to 2x—-3y=-4;
2 .
Slope = 3 ; containing (—5,3)

Y=y =mx—x)

2 2 10
“3=2(x=(-3) > y-3="x+—
y 3( =5)—>y 3 3
2.0
T3NS

2x-3y=-19 or y:§x+g

3

25. Perpendicular to 3x—y =—-4;
Slope of perpendicular = —%

Containing the point (—2, 4)

y=y =m(x—x)

yd==3(-(-2)

4=——x_=
Y 3773

26. (x—-h)’+(y—k)’=r*
(x=(-2)) +(y-3)" =4
(x+2)* +(y-3)" =16

27. (x—=h)’+(y—-k)*=r*

(k=) +(y-(2)) =1

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

28. x*+y* —2x+4y-4=0
X' —2x+y +4y=4
(X =2x+D)+ (Y2 +4y+4)=4+1+4
x=1*+(y+2°*=9
(x=D?+(y+2)* =3
Center: (1,-2) Radius=3

x> +0° —2x+4(0)-4=0

X —2x-4=0
(9 -a)(4) 220
2(1) 2
:2i2\/§:1i\/§

2

Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

0" +y>—2(0)+4y-4=0

Vv +4y—4=0
_—4i4/42—4(1)(—4) N
Y 2(1) 2
_ 44;4\/5:_%2\/5

Intercepts:

(1—\/5,0), (1+\/§,0), (O,—Z—Zﬁ),and
(0,—2+2J5)

29. 3x?+3y? —6x+12y=0
x2+y2—2x+4y=0
X2 =2x+y*+4y=0
(X* =2x+D)+(y* +4y+4)=1+4
(x=17+(y+2)° =5

(=17 +(r+27 = ()
Center: (1,-2) Radius =5

322 +3(0)° —6x+12(0)=0
3x? —6x=0
3x(x=2)=0

x=0 or x=2
3(0)° +3y2 =6(0)+12y =0
3y +12y =0

3y(y+4)=0
y=0 or y=-4
Intercepts:

Chapter 1 Review Exercises

(0,0) , (2,0) , and (O, —4)
Y

-5+

30. Given the points
A= (_29 0)9 B= (_47 4)9 C: (87 5) .

a. Find the distance between each pair of
points.
d(A,B) = \(—4—(=2))* +(4—0)
=\4+16 =120 =25
d(B,C)= 8= (-4))? +(5-4)°
d(A,C)= \/(8—(—2))2 +(5-0)2
=100+25 =125 =55
(V0] +(5)" (5
20+125 =145

145 =145
The Pythagorean Theorem is satisfied, so
this is a right triangle.

b. Find the slopes:

i T
5

Since the product of the slopes is —1, the
sides of the triangle are perpendicular and
the triangle is a right triangle.

31. slope of AB= 1 =1

— -1-1
1 f BC=——=-1
slope o 56
Since lines AB and BC are parallel, and

have a point in common (B), they are the

W

[@))
[\
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Chapter 1: Graphs

same line. Therefore, A, B, and C are collinear.

32. A circle with center (—1, 2) has equation
(x+1)2 +(y—2)2 =r
point A(1,5)= (1+1)* +(5-2)" =2
449=r"=r=413
point B(2,4)=> (2+1)° +(4-2)" =
9+4=r>=r=413
point C(-3,5)= (-3+1)° +(5-2)* =

449=r*=r= \/B
Therefore the points A, B and C lie on a
circle with center point (—1, 2) and

Radius = /13.

33. Endpoints of the diameter are ( -3, 2) and

(5.-6) .

The center is at the midpoint of the diameter:

Center: [_3;5,2+(2_6)j =(1,-2)

Radius: r=1[(1-(=3))* +(-2-2)* =16+16
=\32=42

Equation: (x=D>+(y+2)* = (4\/5)2

X =2x+1+y* +4y+4=32
X +y?—2x+4y-27=0
34. Using the distance formula on the points (-3, 2)
and (5, y) yields
d =(5-(3)* +(y-2)* =64+ (y—2)
Now set d =10 and solve for y.

10:«/64+(y—2)2
107 :(a,64+(y—2)2 )2

100 =64+ (y—2)*
36=(y-2)°
t6=y-2

0 y—-2=6—>y=8

and y-2=-6—>y=-4

2 .. .
35. Slope = 3 containing the point (1, 2)

36. Answers will vary.

37. a. x=0 isavertical line passing through the
origin, that is, x =0 is the equation of the
y-axis.

b. y=0 is ahorizontal line passing through
the origin, that is, y =0 is the equation of
the x-axis.

¢. x+y=0 implies that y =—x . Thus, the
graph of x+ y =0 is the line passing
through the origin with Slope =-1.

d. xy =0 implies that either x=0, y=0, or
both are 0. x =0 is the y-axisand y =0 is
the x-axis. Thus, the graph of xy =0 isa
graph consisting of the coordinate axes.

e. x>+y* =0 implies that both x=0 and
y =0 Thus, the graph of x*+y* =0 isa

graph consisting of a single point - the
origin.

Chapter 1 Test

1. a. The distance between the two points
(-2,-3) and(4,5) is

d

Il
- <

(xz —X )2 +()’2 -0 )2
(4=(2) +(5-(-3)°
N

J100

10
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Chapter 1 Test

b. The midpoint of the line segment connecting 3. y= 25
the two points is
X y=x"-5 (x, y)
(X’Y)=(—xlzx2 ,—ylzyzj -3 y:(—3)2—5:4 (-3.4)
2
(2+4 -3+5 -1 y—(—l)2 ~5=-4(~1,-4)
- ) 0 y:(()) -5=-5 (0’_5)
_[Z 2j—(l 1) 1] y=(1)-5=4 | (1,-4)
22) 3| y_(3P-5-4 | (3.4)
LT HOOI Yi=i3-E
ar-ty=2l ﬁmihfﬁ'ﬁ
—Ty=-2x+21 Kgg:i:;l
Ymin=-18
_2 “Ymax=16
y=gx73 vocl=]
Ares=1 2= —

oS 7]
y

0| y=2(0)-3=-3 | (0,-3) Nl S
2 2RFQ FE1g
7| y= 7(7) -3=-1 (7’_1) H=-z.zzE06R [v=o #=z.2zE06R V=0
THOTT T The intercepts are (O, =5), = (—2.24,0) , and
ﬁmih:{%?
Hegl=d ~(2.24,0).
Vra=]2 I ¥
Yaol=2 sk
mres=1 =0 ==z B
(—2.24.0) i (224.0)
N VI Y P4
] =3 B 3
Rne v=0 | 2, 1)
The intercepts are (0, —3) and (10.5,0). L o,
; 3 (0, -5)
B 4. 2% —x* —2x+1=0
= (10.5, U)\_ Since this equation has 0 on one side, we will
L Li ' y“ use the Zero option from the CALC menu. It will
(=7, —5) -0, - ,’)(7- -1 be important to carefully select the window
| T settings so as not to miss any solutions.
- Snife 3 /
- el A
‘Ymin=-3
Ymax=3
‘Yacl=1 2ere [
nres=1 =i =0

AL AJ
@E? / v=0 @2{* / v=0

The solutions to the equation are —1, 0.5, and 1
or {—1,0.5,1}.

5. x*—5x*-8=0
Since this equation has 0 on one side, we will
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Chapter 1: Graphs

use the Zero option from the CALC menu.

Flotl Flatz Flot: THOOT]
RN - Bt S R ] wmin= -4
e = Amax=4
LN = necl=1
Ny = Ymin= -2
N E= “Ymax=18
M E= Veol=2
WA= Hres=1

¥ VAR,

Iﬁgtg.SDHB?E =0 @25?50‘15?55 =0
The solutions, rounded to two decimal places,
are —2.50 and 2.50 or {—2.50,2.50} .

- +Tx—2=x"+3x-3

Since there are nonzero expressions on both
sides of the equation, we will use the Intersect
option from the CALC menu. Enter the left side
of the equation in Y1 and the right side in Y2.

Flotl Flatz Flotz THOOLT
W EE TR wmin=-5
‘»'-r'zEH2+3H 3 Amax=o
N x= #acl=1
My = Ymin=-1@
= “max=18
M E= Wecl=1
W e = Ares=1

\\U\ =

g ckian Inkeprseckion
CEMEOERE IV=-4. EEAYE W=-2x842%% IY=-2.66018

2

-

A

Inkerseckion
W=1.6996201 IY=4.9876202

The solutions, rounded to two decimal places,
are —2.46, —0.24, and 1.70 or

{~2.46,-0.24,1.70} .

Vo=»n_ —1-3 4 2

« e m=-————=—=——

x-x 5-(-) 6 3

b. If x increases by 3 units, y will decrease

by 2 units.
yi=x
y
it ©,3)
(1 I&M 2 =X
I N N N O A A |
(0, 0) 10 x
T
_5: 9,-3)

80

9. x*+ y=9
x-intercepts: y-intercept:
X +0=9 0 +y=9
x* =9 y=9
x=23

The intercepts are (—3,0), (3,0), and (0,9).
Test x-axis symmetry: Let y=—y
X +(-y)=9

x* —y=9 different

Test y-axis symmetry: Let x=—x
2
(—x) +y=9
x> +y=9 same

Test origin symmetry: Let x=—x and y=—

(=) +(-»)=9

x* —y=9 different

Therefore, the graph will have y-axis symmetry.

10. Slope = -2 ; containing (3,—4)

y=y =m(x—x)

Y= (=4 =2(x-3)
y+4=-"2x+6
y=—2x+2

(3,-4)

11. (x—h)?+(y—k)* =r?

(x=4) +(y-(=3))* =5
(x—4)" +(y+3)° =25

General form:

(x-4)" +(y+3)’ =25
x> —8x+16+y* +6y+9=25
x2+y2—8x+6y:0
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Chapte 1 project

12. X +y +4x-2y-4=0 Chapter 1 Project
X +dx+y? —2y=4
(X +4x+d)+ (Y =2y +1)=4+4+1
(x+2)2 +(y-1? =3
Center: (-2, 1); Radius =3
y
5_

2,1 \
KI_I// | I I |

Internet-based Project — Answers will vary.

-5
13. 2x+3y=6
3y=-2x+6
2
=——x+2
Y773

Parallel line
Any line parallel to 2x+3y =6 has slope

m= —% . The line contains (1,—1):
Y=y =m(x—x;)

y—<—1)=—§(x—1)

y+l=—zx+z
3 3

2 1
T3S

Perpendicular line
Any line perpendicular to 2x+3y =6 has slope

m= % . The line contains (0, 3) :
Y=y =m(x—x)

3
—3="(x-0
y 2(x )
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Chapter 2

Functions and Their Graphs
Section 2.1
1. (-13) 16. explicitly

17. a. Domain: {0,22,40,70,100} in "C
2. 3(—2)2 —5(—2)+—:3(4)—5(—2)—— Range: {1.031, 1.121, 1.229, 1.305, 1.411} in

(—2) 2 kg/m3
1
_ 1 b.
12+10 2 Temperature, °C Density, kg/m?3
43 0 — 141
= or 214 or 21.5 2 —— > 1305

4) — 1229
70 — 1121

3. We must not allow the denominator to be 0.
100  —— 1.031

c. {(0, 1.411), (22, 1.305), (40, 1.229), (70, 1.121),
(100, 1.031)}

x+4%#0= x #—4; Domain: {x|x;t —4}.

4, 3-2x>5
2x>2 18. a. Domain: {1.80, 1.78, 1.77} in meters
x<-1 Range: {87.1, 86.9, 83.0, 84.1, 86.4} in kg
Solution set: {x|x<—1} or (—o0,~1) b. i, s Weight, kg
~— 3

——F—F—F—> 1.77 ?Z 83.0
-1 0 84.1

1.78  —————86.9

5. \/§+ 2 86.4
1.80 4 87.1

6. radicals c. {(1.80, 87.1), (1.78, 86.9), (1.77, 83.0),

7. independent; dependent (1.77,84.1), (1.80, 86.4)}

19. Domain: {Elvis, Colleen, Kaleigh, Marissa}

8. a Range: {Jan. 8, Mar. 15, Sept. 17}
9. ¢ Function
20. Domain: {Bob, Darius, Chuck}
10. False; g#0 Range: {Beth, Diane, Imani, Marcia}

.. . Not a function
11. False; every function is a relation, but not every

relation is a function. For example, the relation 21. Domain: {20, 30, 40}
Range: {300, 350, 540, 880}

x* +y* =1 is not a function. )
Not a function

12. verbally, numerically, graphically, algebraically 22. Domain: {9"-12" grade, High School graduate,
Some college, Bachelor’s Degree}

13. False; if the domain is not specified, we assume Range: {$682, $853, $935, $1432}

it is the largest set of real numbers for which the Function

value of fis a real number.

23. Domain: {-3, 2, 4}

14. False; if x is in the domain of a function f, we say Range: {6, 9, 10}

that fis defined at x, or f{x) exists. Not a function

15. difference quotient
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24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Domain: {-2, -1, 3, 4}
Range: {3,5,7, 12}
Function

Domain: {1, 2, 3, 4}
Range: {3}

Function

Domain: {0, 1, 2, 3}
Range: {-2, 3,7}
Function

Domain: {-4, 0, 3}

Range: {1, 3, 5, 6}
Not a function

Domain: {-4, -3, -2, -1}
Range: {0, 1, 2, 3, 4}
Not a function

Domain: {-1, 0, 2, 4}
Range: {-1, 3, 8}
Function

Domain: {-2,-1,0, 1}
Range: {3, 4, 16}
Function

Graph y = 2x* —3x+4 . The graph passes the

vertical line test. Thus, the equation represents a
function.

Graph y = x*. The graph passes the vertical line
test. Thus, the equation represents a function.

/

1
Graph y =— . The graph passes the vertical line
X

test. Thus, the equation represents a function.

—

34.

3s.

36.

37.

38.

39.

83

Section 2.1: Functions

Graph y =|x| . The graph passes the vertical line

test. Thus, the equation represents a function.

x°=8-y

Solve for y: y=+v8—x’

For x=0,y= iZ«/E. Thus, (0, —2\/5) and

(O, 2\/5 ) are on the graph. This is not a function,

since a distinct x-value corresponds to two different
y-values.

y=%J1-2x
For x=0, y==1. Thus, (0, 1) and (0, —1) are on

the graph. This is not a function, since a distinct x-
value corresponds to two different y-values.

x=y2
Solve for y: y:i\/;
For x=1, y==1.Thus, (1, 1) and (1, —1) are on

the graph. This is not a function, since a distinct
x-value corresponds to two different y-values.

x+y* =1
Solve for y: y=+y1—x
For x=0, y==1. Thus, (0, 1) and (0, —1) are on

the graph. This is not a function, since a distinct x-
value corresponds to two different y-values.

Graph y = 3/; . The graph passes the vertical

line test. Thus, the equation represents a
function.

-

e
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Chapter 2: Functions and Their Graphs

£ f(x+1)=3(x+1) +2(x+1)-4

40. Graph y= 3x_—21 The graph passes the vertical
+
y =3(x7 +2x+1)+2x+2-4

line test. Thus, the equation represents a
function. =3x2 +6x+3+2x+2—-4

——”/ =3x*> +8x+1
2
g f(2x)=3(2x) +2(2x)-4=12x" +4x—4
h. f(x+h)=3(x+h) +2(x+h)-4
a1. |y|=2x+3 =3(x® 4 2eh+ 12 )4 20420 —4
Solvefory: y=2x+3ory=~(2x+3) =327 + 6k + 30 + 2x+2h—4

For x=1,y=5o0ry=-5. Thus, (1,5) and

2
(1,—5) are on the graph. This is not a function, 4. f(x)=-2x"+x-1

since a distinct x-value corresponds to two a. f (O)=—2(O) +0-1=—
different y-values.
b. f(l)=- () +1-1=-2
2. x> -4y =1 e f(-1)=-2(-1)+(-1)-1=-4
Solve for y: x* —4y* =1 d. f(-x)=-2(- ) +(— x)—l:—2x2—x—1
4y2:x22—1 e. ( ) ( —2x% 4+ x— 1) 2x% —x+1
y2=x4_1 . f(x+1)==2(x+1)" +(x+1)-1
Lt 21 ==2(x" +2x+1)+x+1-1
2 =—2x" —4x—2+x
For x:\/E, yzi%.Thus, («/5%) and =-2x2-3x-2

g f(2x)=-2(2x)" +(2%)-1=—-8x> +2x~1
f(x+h)==2(x+h)"+(x+h)-1
==2(x +2xh+ 1* )+ x+h-1

1
(\/E,—EJ are on the graph. This is not a

function, since a distinct x-value corresponds to
two different y-values.
R =—2x> —4xh—2h* +x+h—1
43. f(x) =3x"+2x—-4

a. f(0)=3(0)+2(0)-4=—4 5. f(x)=—
x“+1
b. f(1)=3(1)" +2(1)-4=3+2-4=1 a f(0)=020+1=%=0
1) =3(=1)+2(-1)-4=3-2-4=-3
e f(=1)=3(-1)"+2(-1) b 7)ol -1
A f(-x)=3(-x) +2(-x)-4=32" —2x—4 1+22 o
e —f(x)=—(3x+2x-4)=-3x"—2x+4 « f<‘1)=(_1)z+1=m=‘5
d f(—x e
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x+1
f. f(x+l])=————
(x+1) (x+1)2+1
_ x+1
K4 2x+1+1
__ X+l
X2 42x+2
2x 2x
. 2x) = =
g f( x) (2x)2+1 4241
x+h x+h
h. +h)= =
f(x ) (x+h)2+1 X2 +2xh+h*+1
X2 -1
46. =
f(x) x+4
0°-1 -1 1
. 0)= =—=—
a4 f() 0+4 4 4
-1 0
b. l: = —=
f() 1+4 5
(11 _o
. —1)=-—L—===0
¢ f() -1+4 3
(P12
d. - = =
f( x) -x+4 —x+4
-1 —x% +1
¢ _f(x)__[x+4j_ x+4
(x+1)* -1
f. 1)=——-2—
fx+1) (x+1)+4
_x2+2x+1—1_x2+2x
B x+5 ~ x+5
(2x) =1 4x?-1
. 2x) = =
& f( x) 2x+4 2x+4
. f(x+h):(x+h)2—1:x2+2xh+h2—l

(x+h)+4 x+h+4

47. f(x):|x|+4

a.

b.

C.

f(0)=|0[+4=0+4=4
F)=|1|+4=1+4=5

f(-1)=|-1|+4=1+4=5

48.

49.

Section 2.1: Functions

d. f(—x)=|—x|+4=|x|+4
e ()=~ 2] +4)=|x]-4
£ f(x+1)=|x+1]+4
g f(2x)=|2x|+4=2|x|+4
h.  f(x+h)=|x+h|+4
f(x):\/x2+x
a. f(0)=V0’+0=40=0
b f(1)=VI+1=+2
e f(=D)=y(-1) +(-1) =I-T=40 =0
a0 =+ =V
e. —f(x)=—(\/x2 +x)=—\/x2 +x
£ f(rr1)=y(x+1) +(x+1)
=2+ 2x a1l
g f(2x)= (2x)2+2x=\/4x2+2x
h.  f(x+h)=y(x+h) +(x+h)
P+ 2xh+h? +x+h
(=353
2(0)+1 0+1 1
* f<0)_3(0)—5_75__§
C2()+1 241 3 3
> f(l)_s(l)—s_f_—_z_"
C2(-D)+1 241 -1 1
“ f(_l)_3(—1)—5_—3—5 -8 8
d f(_x):2(—X)+1_—2x+1_2x—1

3(-x)-5 -3x-5 3x+5

2x+1 —-2x-1
_f(x)__(sx—sj_ 3x—5
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Chapter 2: Functions and Their Graphs

2(x+1)+1 _ 2x+2+1  2x+3

t f(x+1)=3(x+l)—5_3x+3—5_3x—2
C2(2x)+1  4x+1
& f(zx)_s(zx)—s_m—s
_2(x+h)+1 2x+2h+1
b ) =) =5 3vranss
50. f(x)=1-—"
' (x+2)
1 13
0)=1- —1-2=2
» /0 (0+2)° 4 4
I 18
b F(1)=1- —1--=2
7) (1+2)° 9 9
1 1
“1)=1- =1--=
« /) (142 1
d. f(-x)=1- 12
(—x+2)
I i
—f(x)=-|1- = -1
) [ (x+2)2J (x+2)
| I
f 1)=1- —1-
f(x+1) (x+1+2) (x+3)’
| I
2x)=1- —1-
= J() (2x+2)°  4(x+1)
1
h h)=1-
f(xh) (x+h+2)’

51. f(x)=—-5x+4

Domain: {x| x is any real number} .

52. f(x)=x"+2

Domain: {x| x is any real number} .

53. f(x)=

Domain: {x| X is any real number} .

5S.

56.

57.

58.

59.

2
X

f)=—

x“+1

Domain: {x| x is any real number} .

g(x) =
x> -16

x> —16%0
2 #£16= x = +4
Domain: {x|x¢—4,x¢4}.

2x

h(x) = >
x" =4

x> —4%0

Xl xz 2
Domain: {x|x¢—2,x¢2}.

x=2

3
X +x

F(x) =

X Hx#£0
x(x2+1)#0
x#0, X #-1
Domain: {x| X # 0}.

x+4
3

x —4x
X —4x=0
x(x?=4)#0

x#0, x> #4

G(x) =

x#0, x#=12

Domain: {x|x¢ -2, x#0,x# 2}.

h(x) =+3x—-12
3x-12>20
3x>12
x=>4
Domain: {x| by 24} .
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60. G(x) 2\/1—x

1-x>0
—x2>-1
x<l1

Domain: {x| xﬁ]}.

61. =
PO = 3

|2x+3[-1=0
|2x+3| =1
2x+3#-1 or 2x+3=1
2x +—4 2x # -2
x#—2 x#-1
Domain: {x|x¢—2,x¢—l}.

x—1
62. X)=——
1 PBx—1-4
|3x—1|—4¢0
|3x—1]=4
3x—1#—-4 or 3x—-1=4
3x#-3 3x#5
x#=—1 x¢§
3
! { 5}
Domain: < x x;t—l,x;tg .
63. f(x)=
x—4
x—4>0
x>4

Domain: {x| x> 4}.

64. f(x)z\/_‘;‘__2
-x—2>0
—x>2

x<-2

Domain: {x| x< —2} .

=

3t-21

65. P(t)=

t—42>0
t>4

87

66.

67.

68.

69.

70.

71.

Section 2.1: Functions

Also 3tr—21#0

3t-21=0

3t # 21
t#7

Domain: {t|t >4,1+ 7} )

z>-3

Also z—-2#0

z#2

Domain: {Z|z >-3,z# 2} .

F(x)=3x—4

Domain: {x|x is any real number} .

g(t)=—1> +/1* + 71

Domain: {¢|# is any real number} .

t+1
M(t):sz—
t°—=5t-14

1> =5t-14=0

+2)t-7)=0

t+2=0 or t-7=0
t=-2 t=17

Domain: { t¢—2 t¢7}

p
N(p):s/—
2p*-98

2p*-98=0
2p*-49)=0

2p+T(p-7=0

p+7=0or p-7=0
p=-1 p=7

Domain: {p| p=-T, p¢7}.

f(x)=3x+4

a.

g(x)=2x-3
(f+g)(x)=3x+4+2x—-3=5x+1

Domain: {x| x is any real number} .
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Chapter 2: Functions and Their Graphs

b. (f-g)x)=0C3x+4)—-(2x-3)

e

(f+8)3)=53)-1=15-1=14

=3x+4-2x+3 f. (f-g9)@)=—4+3=-1
=x+7 )
Domain: {x|xis any real number}. g (f-8)2)=6(2)"-2-2
=6(4)-2-2
c. (f-9x)=0Cx+4)(2x-3) —24-2-2-20
2
= - -12
6x2 9x+8x W i (1)_2(1)+1_2+1_§_
=6x"—x-12 ) 3n-2 3-2 1
Domain: {x| x is any real number} .
[f) Ayid 73. f()=x-1  g(x)=2x
d. (="
2x-3 a. (f+g9)x)=x—1+2x* =2x* +x-1
2x—3¢0:>2x¢3:>x¢§ Domain: {x|xis any real number}.
2
. { 3} b. (f-g)®)=(x-D-(2x")
Domain: {x|x#—¢. 5
=x—1-2x
e. (f+2)(3)=53)+1=15+1=16 =—2x" +x-1
f. (f-9@)=4+7=11 Domain: {x| x is any real number} .
g (f-8)2)=6(2°-2-12=24-2-12=10 . (f-2)@)=x-D2x*)=2x"-2x>
h f 1) = 3(1)+4 3+4 7 7 Domain: {x|xis anyrealnumber}.
) T2D-3 2-3 -1 P X
Y-
o (L)t
72, f(x)=2x+1  g(x)=3x-2 8 2x

a. (f+2)(x)=2x+1+3x-2=5x-1 Domain: {xlx;tO}.

Domain: {x| x is any real number} . e. (f+2)3)=203)+3-1

b. (f-g)(x)=Q2x+1)-(Bx-2) =2(9)+3-1
=2x+1-3x+2 =18+3-1=20
=—x+3 s
Domain: {x| X is any real number} . f. (f-9)@®H=-2(4)" +4-1
=-2(16)+4-1
C. (f g)(x) = (2x+1)(3x—2) =-324+4-1=-29
=6x7 —4x+3x-2
—6x—x—2 g ([ 92)=22" -2
Domain: {x|x is any real number} . =2(8)-2(4)
=16-8=8
f 2x+1
¢ [ J() 3x-2 h (ij(l)— -1 _l_g_o
3x-2#0 g 202 2D 2
3x¢23x¢§
, { 2} 74, f()=2x"+3  g(x)=4x"+1
Domain: {x|x #
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. (f+g)x)=2x"+3+4x" +1
=4x +2x° +4
Domain: {x| x is any real number} .
b. (f—g)(x):(2x2+3)—(4x3+1)
=2x% +3—-4x’ -1
=—4x° +2x* +2
Domain: {x| x is any real number} .
. (f-g)(x)=(2x2+3)(4x3+1)
=8x° +12x° +2x* +3
Domain: {x| X is any real number} .
2
o [ ) = 2x3+3
g 4x° +1
45° +1#0
4x> # -1
3
x ¢—1:>x¢3—l=—£
4 4 2
! { %/E}
Domain: < x| x#———=;.
2
e. (f+9)(3)=403)+23)° +4
=4(27)+2(9) +4
=108+18+4 =130
f. (f—g)d) =-4(4)°+2(4)* +2
= —4(64)+2(16)+2
=-256+32+2=-222
g (f-2)2)=812)’ +12(2)* +2(2)* +3
=8(32)+12(8)+2(4)+3
=256+96+8+3=363
2
b [i]a) _ 2(1)3 +3_20+43_2+3_5_,
g 4)° +1  4D+1 4+1
75. f()=+x  g(x)=3x-5
a. (f+2) @) =+x+3x-5

Domain: {x| X2 O} .

5

F

76. f(x)=|x]|

a.

89

Section 2.1: Functions

(f —8)(x) =x—(Bx—5) =[x =3x+5

Domain: {x| X2 0} .
(f - &)(x) =x(Bx=5) =3xx —5/x

Domain: {x| x> 0} )

G

N 3x-5
x>0 and 3x-5=0

3x¢5:x¢§

Domain: {x

xZOandxié}.

3

(f+8)3) =3+3(3)-5
=3+9-5=3+4

(f —9)(@) =4 -34)+5
=2-12+5=-5

(f-2)2) =322 -52
=632 =52 =2

(L](l): S/ S N |

1
g -5 3-5 2 2

g(x)=x
(f+&) ) =|x|+x

Domain: {x| x is any real number} .

(f =)0 =] x|-x

Domain: {x|x is any real number} .

(f - )) =] x|-x=x| x|

Domain: {x| x is any real number} .

4ot
g X

Domain: {x| X # 0}.
(f+8)@3)=|3]+3=3+3=6
(f -4 =|4|-4=4-4=0

(f-9)2)=2|2|=2-2=4
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Chapter 2: Functions and Their Graphs

L
1

h. (i] = m
g 1

77, f)=1+L !
X

gx)=—

=

¢ (f-2)0=(Vx-1)(vV4-x)
N—x* +5x—4

x—1>20 and 4—-x>0
x>1and —x>—4
x<4

1 1 2
a. (f+g)(x)=1+;+;=l+; Domain: {x|1£xs4}.
Domain: {x|x#0;.
{xlx =0} N (f]() Vil _ [x-1
11 Vad-x Vd-x
b. (f—g)(x)=1+;—;=1 x—1>0 and 4—-x>0
Domain:{ x¢0} x=1 and —x>-4
x<4
1Y1 1 1 .
c. (f-g)(x)=(1+— —=—+— Domain: {x| 1§x<4}_
xX)x x x
Domain:{ xiO} e. (f+8)B3)=+v3-1+v4-3
1 x+l V214241
i [iJ(x)_”x x _x+lx_ f. (f-9@=V4-1-4-4
g 11 x =\V3-J0=\3-0=13
x X
Domain:{ |x¢0} 8. (f~g)(2):\/—(2)2+5(2)—4
5 s =J-4+10-4 =2
e. f+g)(3)—l+§ 5
h. (ij()—,/ \f Jo=0
. (f-g@=1 8
1 1 1 3
g ([ OD=-t—g=—t— = . - 2x3 I
2 2% 2 4 4 9. f(») - g(x) 2
f 2x+3 CAx
h. |=|D=1+1=2 . =
[£)o v G- Bt
2x+3+4x 6x+3
78. f(x)=+x-1 gx)=+4—x 3x=2  3x-2
-2
a. (f+g)(x)=vx—1+4—x 3 #0 )
x=120 and 4—x>0 #£2=>x73
x21 and —x=-4 Domain: {x‘xi%}.
x<4
Domain: {x| 1£x£4}.
b. (f—g)x)=vx—-1-+4-x

x—120 and 4-x2>0
x>1 and —x>-4
x<4

Domain: {x| 1Sx$4}.
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Section 2.1: Functions

2x+3 4x 2
b. (f-g)x)= - a (f+o)@)=+x+1+=
3x—2 3x-2 X
_ 2x+3-4x -2x+3 x+1>0 and x=#0
3x-2 3x-2 x>-1
3x-2+#0 Domain: {x|x2—l, andx;tO}.
2
3x22=>x#— 2
3 b (f-g))=xrT-~
. 2
Domain: {x xig}. x+1>0 and x=#0
x>-1
2x+3)( 4x 8x% +12x in: > _
. (f-g)(x)z( j( ): - Domain: {x|x_ l,andxiO}.
3x-2 )\3x-2 (Bx-2)
3x-2#0 e (f-g)x)= /—x+1.2:2\/x+1
) X X
3x¢23x¢§ x+1>0 and x=#0
) x>-1
Domain: {x Xig}' Domain: {x|x2—l,andx¢0}.
2x+3 d i()_ x+1  xvx+1
a (L)oo dr2 2043 3x-2 2043 )T T
"l 4x  3x-2 4x  4x x
3x-2 x+1>0 and x=0
3x-2#0 and x=0 x>—1
3x#2 Domain: {x|x2—l, andx;tO}.
2
X #+ —
3 e. (f+g)(3):\/3+1+§=\/Z+§=2+§=§
Domain: {x x;t% andx;t()}.

R
6(3)+3_18+3_21=

A T A S e (o= 25
2 2
—24)+3 —-8+3 -5 1
f. (f-g)d)= = =—=—
== "2 10" 2 . (i](l)zl 1+1_2
2 < 2 2
g (f =R 2@ |
(32-2) 81. f(x)=3x+1 (f+&)(x)=6-=x
_8(4)+24 32424 56 7 s
(6—2)2 (4)2 16 2 6—%x:3x+1+g(x)
h [iJ(DJ(D”:E:i 5-Lx=g
a1 4 4 2
g(x)=5—%x

Fo=vrrl  gw=2
X
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Chapter 2: Functions and Their Graphs

_ 2
82. f(x):l (ij(x)z )§+1 86. J(0)=3x"+2
roNE o [+ - f(x)
1 h
’;_“: x 3t h)?+2-(3x2 +2)
x—x g = W
1 2 3x? +6xh+3h* +2-3x* -2
(x): X :l-x -X = h
& x+1  x x+1 5
P 6xh+3h
X" —x _ AR
1 x(x=D)_x-1 h
x x+1  x+1 =6x+3h
2
83. f(x)=4x+3 87. f(x)=x"—x+4
fG+h)— f(x) _4x+h)+3—(4x+3) PACSIO L IC)]
- h
h h
_4x+4h+3—4x-3 @A) (WA= —x+4)
- h h
_4n_, X+ 2xh+ e —x—h+4-x" +x—4
h h
2
84. f(x)=-3x+1 :w
fOHh) - f() _ Bx+h)+1-(Bx+1) i hol
h h
=_3)C_3h+1+3x_1 88. f(X)=3x2—2x+6
h
~3h fx+h)-f(x)
=—=-3 .
h
) |:3(x+h)2—2(x+h)+6}—[3x2—2x+6J
85. f(x)=x"—-4 _
f(x+h)— f(x) h
n 3(x2+2xh+h2)—2x—2h+6—3x2+2x—6
C(x+h)—4-(x7 -4 - h
h _3x> +6xh+3h* —2h—-3x> _ 6xh+3h> —2h
X +2xh+h’ —4-x" +4 - h = W
h =6x+3h-2
_2xh+ i’
ok
=2x+h
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5
89. = ) -
F0)=7" N O
5.5 2x+h)  2x
fx+h)—f(x)  Ax+h)-3 4x-3 SO+ -f) _ x+h+3 x+3
i = N h h
5(4x—3)—5(4(x+h)—3) 2(x+h)(x+3)—2x(x+3+h)
(4(x+h)—3)(4x—3) (x+h+3)(x+3)
h h
_(20x+15-20x—15-20h (lj 2% + 6x+ 2hx + 6h — 2x° — 6x — 2xh
| (4 -3)(4x-3) J\n _ (x+h+3)(x+3)
h
:( —20h J(lj ( 6h ) [ 1 ]
(4 +h)=3)(4x=3) L \Grrea) 3\
_ —20 6
(4Cx+h)=3)(4x-3) T he3)(x13)
SR 2. fw=->1
S S(x+h)  5x
SO+ —f() _ x+h+3 x+3 fx+h)—f(X)  x+h-4 x—4
h h A = A
x+3-(x+3+h) S(x+h)(x—4) = 5x(x—4+h)
_ (x+h+3)(x+3) (x+h—4)(x-4)
h h

EEEa

Section 2.1: Functions

5x° = 20x + 5hx — 20h — 5x° + 20x — 5xh

(x+h-4)(x-4)

((x+h+13h)(x+3)][%j ( x+h_2fh h\(%)
— 20

(x+h+3)(x+3)
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Chapter 2: Functions and Their Graphs

93. f(x):\/x—Z
fx+h)=f(x)
h
=\/x+h—2— -2
h
_ Nx+h=2-\x-2 Jx+h-2+x-2
h Jx+h=2+x-2
_ x+h—-2—-x+2
h(«/x+h—2+\/x—2)
h
_h(\/x+h—2+\/x—2)
1
Cxrh—2+x-2

9. f(x)=+x+1
f(x+h)=f(x)

h
_ Jx+h+l—Jx+1
h

_ \/x+h+1—\/x+1 _\/x+h+1+\/x+1

h Nx+h+l+x+1

x+h+1-(x+1) h

) n(xr et exrt) h(\rehetede)

1
- Nx+h+1++x+1

95. f(x):i2

X
1 1
fath)=f() _ (x+h) ¥
h h
xz—(x+h)2
xz(x+h)2
h
xz—(x2+2xh+h2)
xz(x+h)2
h
(1) ~2xh—h?
\n xz(x+h)2
1\ h(-2x—h)
(zsz(x+h)2
2x—h  —(2x+h)

x? (x+h)2 - x? (x+h)2

1
2 +1

96. [(x)=
1 1

fO+m)—f@) _ (x+h) +1 2+
h h

x? +1—( x+h)’ +1)

(
P D((x+h) D)
B h
x2 +1—()c2 +2xh+h2)—l

(2 +D)(x+h) +1)

h

:(1] —2xh— i’
h) (2 +1)((x+h) +1)

(1) h(-2x-h)

- (ﬁ] (2 +D((x+h) +1)

_ —2x—h

(x4 ) D)
—(2x+h)

(2 HD(xth) +D)
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Section 2.1: Functions

97. f(x):V4_x2 99, 11=x*-2x+3
f(x+h)=f(x) 0=x"-2x-8
h 0=(x—4)(x+2)
\/4—(x+h)2—\/4—x2 x—4=0 or x+2=0
- h x=4 or x=-2
I S N e e s The solution set is {~2,4} .
h JA- Gt h)? 44— 22 A
_ Ak’ -2 100. TR
h(\/4—(x+h)2+\/4—x2) 1,35,
16 4 6
_ 4= (2 4 2xh+ 1) - (4 %) 5 712
Qo 1=
h(x/x+h+1+\/x+1) 6" 16 16
5 5
_ ~2xh—h* Sx=—
h(\/x+h+1+\/x+1) x_ié_g
2x—h 165 8
A=t h)? 44— 2 \
—Q2x+h) The solution set is {g} .

i Ay
101, f(x)=2x"+Ax*+4x—5 and f(2)=5

f(2)=22) +AQ2)* +4(2)-5
1

98, [f(x)= 5=16+4A+8-5
Vx+2 5=4A+19
:—f(“h})l‘f(x) _14=44
1 1 A:—_M:_Z
4 2

_x+h+2 Jx+2

h
Nx+2-x+h+2
hx+2\x+h+2
_ Nx+2—Jx+h+2 x+2+x+h+2

T oot ht2 Jx+2+x+hi2
x+2—(x+h+2)

DNt A2+ (x+h+ 2 x4 2

102. f(x)=3x>—Bx+4 and f(-1)=12:
fD=3(-1)*-B(-1)+4
12=3+B+4
B=5

103. f(x)zjj—J’i and £(0)=2

_ xX+2-x-h-2 f(O):3(0)+8
Wx+2\Nx+h+2+(x+h+2)Jx+2 2000-A
—h z_i
_h(x+2)\/x+h+2+(x+h+2)\/x+2 5 S_A
A=
1
e xha2 (e 2N+ 2 =4
95
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Chapter 2: Functions and Their Graphs

104.

105.

106.

107.

108.

109.

2x—B
3x+4
2(2)-B
3(2)+4
4-B

10
4-B
-1

fx)=

and f(2) :%

f@2)=

1

2
5
B=

Let x represent the length of the rectangle.
Then, g represents the width of the rectangle

since the length is twice the width. The function
2
X X

1
for the areais A(x)=x-=="—=—x"
2 2 2

Let x represent the length of one of the two equal
sides. The function for the area is:

1 1,
AxX)=—-x-x=—x
(x) 3 5

Let x represent the number of hours worked.
The function for the gross salary is:
G(x)=16x

Let x represent the number of items sold.
The function for the gross salary is:
G(x) =10x+100

a. H(1)=20-49(1)
=20-4.9=15.1 meters
H(1.1)=20-4.9(1.1)’
=20-4.9(1.21)
=20-5.929 =14.071 meters
H(1.2)=20-49(1.2)
=20-4.9(1.44)
=20-7.056 =12.944 meters
b. H(x)=15:
15=20-4.9x"
—5=—4.9x"
x* ~1.0204

x ~1.01 seconds

96

H (x) =10:
10=20-4.9x"
—-10=-4.9x7
x* ~2.0408
x ~1.43 seconds
H(x)=5:
5=20-4.9x
~15=-4.9x"
x* ~3.0612
x ~1.75 seconds
c¢. H(x)=0
0=20-4.9x"
—-20=-4.9x
x* ~4.0816

x ~ 2.02 seconds

110. a. H(1)=20-13(1)° =20-13=7 meters
H(1.1)=20-13(1.1)> =20-13(1.21)
=20-15.73=4.27 meters
H(1.2)=20-13(1.2)" =20-13(1.44)
=20-18.72 =1.28 meters
b. H(x) =15
15=20-13x2
—5=—13x"
x* ~0.3846
x ~ (.62 seconds
H(x) =10
10=20-13x>
-10=-13x"
x* ~0.7692
x ~ 0.88 seconds
H(x)zS
5=20-13x"
—15=—-13x7
x* ~1.1538

x ~1.07 seconds
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c¢. H(x)=0
0=20-13x"
—-20=-13x"
x* ~1.5385
x ~1.24 seconds

111. C(x)=100+—
X

50() 36,000
500

a.  C(500)=100+

=100+50+72
=$222

450 36,000

b. C(450)=100+
450

=100+45+80
=$225

600 36,000

10 600
=100+60+60

=$220

c.  C(600)=100+

400 36,000
400

d. C(400)=100+

=100+40+90
=$230

12, A(x)=4xy1-2°

N 4_F \f42\/—

= ~1.26 ft*

: —=;F—z( 5

=B ~1.73

R ROR S

85

—~199ft

114.

115.

116.

117.

118.

119.

120.

Section 2.1: Functions

a. P(x)=R(x)-C(x)
- (—1.2x2 + 220x) - (0.05x3 — 2% +65x+ 500)

=-1.2x% +220x - 0.05x> +2x* —65x—500
=-0.05x" +0.8x* +155x—500

b. P(15)=-0.05(15)" +0.8(15)" +155(15) — 500
=-168.75+180+2325-500
= $1836.25

¢.  When 15 hundred smartphones are sold, the
profit is $1836.25.

a. P is the dependent variable; a is the
independent variable
b. P(20)= 0.027(20)2 —6.530(20) +363.804
=10.8-130.6+363.804

=244.004
There are 244.004 million people in the
United States who are 20 years of age or
older.
c.  P(0)=0.027(0)* —6.530(0) + 363.804

=363.804
There are a total of 363.804 million people
in the United States.

R(v) = 2.2v;B(v) = 0.05v* + 0.4 v—15
D(v) = R(v)+ B(v)

=220+0.05" +04v-15

=0.05v> +2.6v—15

®

b.  D(60) = 0.05(60)° +2.6(60) —15
=180+156-15
=321
¢. The car will need 321 feet to stop once the
impediment is observed.
a. h(x)=2x
h(a+b) = 2(a+b) =2a+2b
=h(a)+h(b)
h(x) =2x has the property.
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Chapter 2: Functions and Their Graphs

b. g(x)=x
g(a+b):(a+b)2 =a® +2ab+b*
Since
a’ +2ab+b* #a” +b* = g(a)+g(b).
g(x)= x* does not have the property.
c. F(x):5x—2
F(a+b):5(a+b)—2:5a+5b—2

5a+5b—2+#5a—2+5b—2=F(a)+F(b),
F(x)=5x—-2 does not have the property.

d G(x)=1
X

- #42=G(a) +G(b)

G(a+b):a+b ;

1
G(x)=— does not have the property.

X
Since
. SEED-f@) x+h-3Ax
) h h
1
3 (x+h)% —xé
B h
1 1 2 1 1 2
B (x+h)4 e (x+h)4 +x4(x+h)4 3
- ’ 2 1 1 2
h (x+h)é+xé(x+h)é+xé
B x+h—x _
- 2 ) ) A 2 ) ) 2
h{(x+h)é +xé(x+h)é +xé} h[(x+h)A +x4(x+h)é +x4:|
_ 1
- 2 1 1 2
(x+h)A+xA(x+h)A+xA
4
122. f( ks j=3x2—2 The domain of fis 1x|-2<x<Sb, or [-2,3
Sx—4 3 3
Solve 5x+é: . in interval notation.
» T 124. No. The domain of fis
x
=1 {x| x is any real number} , but the domain of g is
S5x—4
x+4=5x—-4 {x|x¢—1}.
x=2
Therefore, f(2):3(2)2—2:10 125. H(x)= 3x—x°
(your age)
2 .
123. We need %ZO.Since ¥ +1>0 for all 126. Answers will vary.
—Bx—
127. (x+12)*+y* =16
real numbers x, we need 7—|3x—1| >0. x-intercept (y=0):
7-[3x-1>0 (x+12)> +0> =16
Bx—1]<7 (x+12)% =16
—7<3x-1<7 (x+12)=t4
rex<d x=-12+4
3 x=-16,x=-8
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Section 2.1: Functions

(~16,0),(-8,0) The solution set is: {-3,2,3}

y-intercept (x=0):

(0+12)* +y* =16 131. a+bx=ac+d

12> +y* =16 a—ac=d—bx
a(l-c)=d —bx

y? =16-144 = —128
There are no real solutions so there are no y- a= d —bx
intercepts. l-c

Symmetry: (x+12)% +(-y)* =16

. 132, r=kd’
(x+12)"+y =16 2
This shows x-axis symmetry. 0.4 =%(06)
10
128. y=32-8x 5 -k
y=3(-1*-8J-1 Thus,
There is no solution so (-1,-5) is NOT a solution. r= &(1_5)2
y=3x" -8/x 9
_ 2
y=3(4)> -84 =25kg-m
=48-16=32
133. 3x—-10y=12
So (4,32) is a solution. * 1oy N
y=3x"—8/x Ty =
2_gJ9 3.8
y=3(9)" -89 y 1075
=243-24=219=171 3
S0 (9,171) is NOT a solution. The slope of the line is 0 The slope of a
129. Let x represent the amount of the 7% fat 10
hamburger added. perpendicular line would be 3
% fat | tot. amt. | amt. of fat 134.
20% | 12| (0.20)(12) (45 =7)-3—(3x+5)-8x  12x2 —21—(24x> +40x)
7% X (0.07)(x) 4x’ 7 = (4x> —7)?
15% | 12+x [(0.15)(12+x)
12x% —21-24x% —40x
(0.20)(12)+(0.07)(x)=(0.15)(12+x) = @ _7)
X2
24+0.07x=1.840.15x 5
0.6 = 0.08x _ —12x"-40x-21
.x = 7.5 (4XZ _7)2
7.5 1bs. of the 7% fat hamburger must be added, __ 12x% +40x+21
producing 19.5 1bs. of the 15% fat hamburger. (4x* =7)*
130. X —9x=2x"-18
X =2x2-9x+18=0 135. Add the powers of x to obtain a degree of 7.

(x*=2x")-(9x-18)=0
X (x=2)-9(x-2)=0
(x> =9(x-2)=0
(x=3)(x+3)(x-2)=0
(x=3)=0o0r (x+3)=0o0r(x—2)=0
x=3,x=-3,x=2

929
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Chapter 2: Functions and Their Graphs

Section 2.2

1.

2. False; x=2y-2 m. f(x)=3whenx=0andx=4.
—2=2y-2 n. f(x)=—2 whenx=-5andx=8.
0=2y
0=y 12. a. f(0)=0 since (0,0) is on the graph.
The point (—2,0) is on the graph. J(6) =0 since (6,0) is on the graph.
) b. f(2)=-2 since (2, —2) is on the graph.
3. vertical ) _
f(2)=1since (-2, 1) is on the graph.
4. f(5)=-3 c.  f(3) is negative since £ (3) ~ —1.
5. f (x) - d. f(-1) is positive since f (—1) = 1.0.
a(—1)2+4:2:>a:—2 e. f(x)=0whenx=0,x=4, andx=06.
f. f(x)<O0OwhenO<x<4.
6. False. The graph must pass the vertical line test
in order to be the graph of a function. g. The domain of fis {x| —4<x< 6} or
—-4,6|.
7. False;e.g. y= % . [ ]
h. The range of fis {y|—2£y£3} or [—2,3].
. T
8. True i. The x-intercepts are 0, 4, and 6.
9. ¢ j-  The y-intercept is O.
10. a k. Theline y=-1 intersects the graph 2
times.
11. a. f(0) =3 since (0,3) is on the graph.

X +4y* =16
x-intercepts:
X +4(0)" =16
x* =16
x=14=(-4,0),(4,0)
y-intercepts:
(0 +4y* =16
4y* =16
y'=4
y=12=(0,-2),(0,2)

f(—6) =-3 since (—6,—3) is on the graph.

b. f(6) =0 since (6, 0) is on the graph.
f{d1)=1since (11, 1) is on the graph.

c. f(3)is positive since f(3) = 3.7.
d. f(—4) is negative since f (—4) = —1.

13.

e. f(x)=0whenx=-3,x=6, andx=10.

f.  f(x)>0when -3<x<6, and 10<x<11.

g. The domain of fis {x|-6<x<11} or
[-6.11].

h. The range of fis {y|—3£y£4} or
[—3, 4].

i. The x-intercepts are —3, 6, and 10.

j- The y-intercept is 3.

1
k. Theline y= 5 intersects the graph 3 times.

I.  Theline x =5 intersects the graph 1 time.

I.  Theline x=1 intersects the graph 1 time.
m. f(x)=3whenx=>5.
n. f(x)=—2whenx=2.

Not a function since vertical lines will intersect
the graph in more than one point.

100
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14.

15.

16.

17.

18.

a. Domain: {x|x£—l orle} ;
Range: {y| y is any real number |
b. Intercepts: (—1,0),(1,0)

c. Symmetry about the x-axis, y-axis and the
origin

Function

a. Domain: {x| x is any real number} ;
Range: {y| y >0}

b. Intercepts: (0,1)

c. None

Function
a. Domain: {x| —nt<x< n} ;

Range: {y|—1£ y< 1}

e i
b. Intercepts: | ——,01, | —,01, (0,1
b [2 j [2 j( :

¢. Symmetry about y-axis.

Function

a. Domain: {x|-n<x<mn};
Range: {y|-1<y<1]

b. Intercepts: (-, 0), (7, 0), (0,0)

c. Symmetry about the origin.

Not a function since vertical lines will intersect
the graph in more than one point.

a. Domain: {x| x< 0};
Range: {y| y is any real number |

b. Intercepts: (0,0)

¢.  Symmetry about the x-axis

Not a function since vertical lines will intersect
the graph in more than one point.

a. Domain: {x|—2£x£2};
Range: {y|-2<y<2|

b. Intercepts: (—2,0)(2,0)(0,-2)(0,2)

19.

20.

21.

22.

23.

24.

25.

101

Section 2.2: The Graph of a Function

c. Symmetry about the x-axis, y-axis and the
origin

Function

a. Domain: {x|0<x<3} ;
Range: {y| y <2}

b. Intercepts: (1, 0)

c. None

Function

a. Domain: {x|0£x<4} ;
Range: {y| 0<y< 3}

b. Intercepts: (0, 0)

c. None

Function

a. Domain: {x| x is any real number} :
Range: {y| y< 2}

b. Intercepts: (-3, 0), (3, 0), (0,2)

¢. Symmetry about y-axis.

Function

a. Domain: {x| x> —3} ;

Range: {y| y2> 0}

b. Intercepts: (=3, 0), (2,0), (0,2)
c. None

Function

a. Domain: {x| x is any real number} ;
Range: {y|y>-3}

b. Intercepts: (1, 0), (3,0), (0,9)

c. None

Function

a. Domain: {x| x is any real number} ;
Range: {y| y <5}

b. Intercepts: (-1, 0), (2,0), (0,4)

c. None

F(x)=3x>+x-2
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Chapter 2: Functions and Their Graphs

a. f()=3(1)+(1)-2
The point (1,2) is on the graph of f.
b. f(-2)=3(-2)"+(-2)-2=8
The point (—2,8) is on the graph of f.
c. Solve for x:
2=3x"+x-2
0=3x>+x
Ozx(3x+1):>x:0,x:—%
(0, -2) and (—— —2) are on the graph of f .
d. The domain of fis {x| x is any real number} .
e. x-intercepts:
f()c)=0:>3>)c2 +x-2=0
(3x—2)(x+1) O:x—% x=-1
f. y-intercept: f(O) =3(0)2 +0-2=-2
26. f(x)=-3x"+5x
a. f(-1)=-3(-1)"+5(-1)=-8=2
The point (—1,2) is not on the graph of f.
b. f(-2)=-3(-2)" +5(-2)=-22
The point (—2, —22) is on the graph of f.
c. Solve for x:
—2=-3x>+5x=3x> -5x-2=0
(3x+1)(x—2)=0:> x=—3,x 2
(2,-2) and (—— —2) on the graph of f .
d. The domain of fis {x| x is any real number} .
e. x-intercepts:
f(x)=0=-3x>+5x=0
x(—3x+5) =0=x= O,x=%
f.  y-intercept:
£(0)=-3(0)*+5(0)=0
27, f(x)= x+2

2

4+2 6
b. = =—=-3
Fa)= 4-6 -2
The point (4,—-3) is on the graph of f.
¢. Solve for x:
2=x—i-2
x—06
2x-12=x+2
x=14
(14, 2) is a point on the graph of f .
d. The domain of fis {x|x¢6}.
e. x-intercepts:
f(x)=0:>x+§=0
x+2=0=>x=-2
0+2 1
f. y-intercept: f(0)=——=—=
y pt f(0)=—c="3
2
X +2
fx)=
x+4
’+2 3
a. )= =—
f= w43
The pomt( J is on the graph of f.
712 2 1
b. = =—==
F0)= 0+4 4 2
1
The point (0, Ej is on the graph of f.
c. Solve for x:
2
l:x +2:>x+4:2x2+4
2 x+4
0=2x"—x
x(2x-1)=0=x=0 or XZ%
0l and 11 are on the graph of f
2 22 srapRot g
d. Thedomainoffis{x|x¢—4}.

3+2 5
= ——#14
F®= 6 3

The point (3,14) is not on the graph of f.
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29.

30.

f)=

f)=

x-intercepts:
X +2
x+4

This is impossible, so there are no x-
intercepts.

f(x)=0= =0=>x"+2=0

y-intercept:

0+2 2 1

O = = —_—=—

1(0) 0+4 4 2
12x*
X+l

12-D* 12

! -D*+1 2

The point (—1,6) is on the graph of f.

12(3)" 972 _ 486

3) = ==
3 3)?+1 10 5

The point [3, 4?86} is on the graph of f.

Solve for x:
12y
- x> +1
X l=1254
12x' =x* _1=0
G2 =D@x*+1) =0

1

3x2—1203x:+izi—3

5 3
(—ﬁ,l],(?,q are on the graph of f .

3

The domain of fis {x| X is any real number} .

x-intercept:

12x*
f(x)=0=
( ) x+1
12x*=0=x=0
y-intercept:
_12(0)° _ 0

2 :_:O
0°+1 0+1

=0

£(0)

2x
x—

Section 2.2: The Graph of a Function

a. 5 :1_2— E_ 3
2 2
. 1 2).
The point (5,—§j is on the graph of f.
2(4) 8
. H=—"=—=4
b &) 4-2 2
The point (4, 4) is on the graph of f.
c. Solve for x:
1= Ly 2=2x=-2=2x
X—
(-2,1) is a point on the graph of f .
d. Thedomainoffis{x|x¢2}.
e. x-intercept:
2x
f(x)-O:x_2—0:>2x—O
=x=0
f -intercept: f(O)—L—O
e AT T
3. a. (f+9@)=f2Q)+g(2)=2+1=3
b. (f+8)D=fD+g@=1+(3)=-2
. (f-8)6)=f(06)-g6)=0-1=-1
d. (g-/)6)=g6)-f(6)=1-0=1
e. (f-9)=f2D)-g@)=2)=2
: (ijm):&:L:_l
8 g4 -3 3
136x
32. h(x)=———F—+27x+35

a.

1%
We want h(15)=10.

136(15)°

v2

+2.7(15)+3.5=10

30,600 _

2
1%

v2 =900
v =30 ft/sec

The ball needs to be thrown with an initial
velocity of 30 feet per second.

34
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Chapter 2: Functions and Their Graphs

_136x°

h(x)= g TATrrs

which simplifies to
h(x) = —ﬁx2 +2.7x+3.5
225
Using the velocity from part (b),
34, \2
h(9)=———=(9) +2.7(9)+3.5=15.56 ft
(9) =22 (9)" +27(9)

The ball will be 15.56 feet above the floor
when it has traveled 9 feet in front of the
foul line.

Select several values for x and use these to
find the corresponding values for 4. Use the

results to form ordered pairs (x, h) . Plot the

points and connect with a smooth curve.

1(0) = —%(0)2 +2.7(0)+35=3.5 1t

h(s) = —%(5)2 +2.7(5)+35~ 132 fi

h(15) = —%(15)2 +2.7(15)+3.5~10 fi

Thus, some points on the graph are (0,3.5) ,
(5,13.2), and (15,10) . The complete graph

is given below.
h

(8.9,15.6)

5,132
( ) (15,10)

¥ (0,3.5)

I O B
5 10 15 20

44y

33. h(x)= +X+6

~10.4 feet

104

~99 feet

From part (a) we know the point (8,10.4) is
on the graph and from part (b) we know the
point (12,9.9) is on the graph. We could

evaluate the function at several more values
ofx(e.g. x=0, x=15,and x=20) to
obtain additional points.

h(0)= —%Jr(o)m =6
h(15)=- 442(23)2 +(15)+6~8.4
_44(20)2

h(20)= T+(20)+6 ~3.6

Some additional points are (0,6) s (15,8.4)

and (20,3.6). The complete graph is given

below.
h

15

(8,10.4)

10

(12,9.9)

(0. 6)

Lh

(22.6,0)

IIIIIIII\IHIHIH‘THW'
5 10 15 20 25

2
h(15)= —%Jr(ls)m ~8.4 feet

No; when the ball is 15 feet in front of the
foul line, it will be below the hoop.
Therefore it cannot go through the hoop.

In order for the ball to pass through the
hoop, we need to have h(lS) =10.
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%
44(15)°

V2

v? =4(225)
v? =900
v =30 ft/sec

“11=-

The ball must be shot with an initial velocity

of 30 feet per second in order to go through
the hoop.

34, A(x)=4xy1-x

a.

Domain of A(x) =4x4/1- x? ; we know
that x must be greater than or equal to zero,
since x represents a length. We also need

1—x? >0, since this expression occurs
under a square root. In fact, to avoid
Area = 0, we require
x>0 and 1-x*>>0.
Solve: 1-x*>0
(1+x)(1—x) >0
Casel: 1+x>0 and 1-x>0
x>-1 and x<1
(Ge. —1<x<])
Case2: 1+x<0 and 1-x<0
x<-1 and x>1
(which is impossible)

Therefore the domain of A is {x| O0<x< 1} .

Graphing A(x) = 4xy/ 1- x>

3

0 1
0

When x =0.7 feet, the cross-sectional area
is maximized at approximately 1.9996
square feet. Therefore, the length of the base
of the beam should be 1.4 feet in order to

Section 2.2: The Graph of a Function

maximize the cross-sectional area.

i 9
= 11447
4 1.46B4
£ 17221
h iiggss
N 1.9z
a 1.5p92
E=—
2
35. h(x) 32); +x
30
o 2
a. h(100) =219 . 109
= MHOO ~81.07 feet
16,900
_ 2
b.  h(300)= &20) +300
30
_ =2:880,000 5 129,59 feet
16,900
_ 2
e.  h(500) =200, 50
_ ~8,000,000 +500 ~ 26.63 feet
16,900

The ball is about 26.63 feet high after it has
traveled 500 feet.

—32x2

30 +x=0

Solving h(x) =

—32x2
—+
130°

x(—32x +1] ~0
130°

— 2;C+1:0
30

x=0 or

32x
1=—=
130

130% =32x

2
= 13(2) =528.13 feet

X

Therefore, the golf ball travels 528.13 feet.
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—32x° 4 ’
» = S+ X 36. W(h)= m[ﬂj
130 4000+ h
150
a. h=14110 feet = 2.67 miles;
2
4000
W(2.67)=120| ——— | =119.84
4000+ 2.67
On Pike's Peak, Amy will weigh about
0 600
. 119.84 pounds.
f. Use INTERSECT on the graphs of b. Glrze:)phing:
-32x
vy = +x and =90.
L1307 2
150
119.5
/ T c. Create a TABLE:
IEtEF!ECtiﬁI‘IJ . H I'fl
0 |H=115.07338 +v=00 600 Ll - 1115.55
-5 .E ) c.k 11885
i 118.94 e 1188z
150 |l = |l
. |l | 157
= =5
The weight W will vary from 120 pounds to
about 119.7 pounds.
Inkerseckion
0 [#=4tz.06161 ~v=ga 600 d. By refining the table, Amy will weigh
-5 119.95 1bs at a height of about 0.83 miles
The ball reaches a height of 90 feet twice. (4382 feet).
The first time is when the ball has traveled A R A R
approximately 115.07 feet, and the second i ﬁEEE ZE% e
time is when the ball has traveled about lg- HE:EE :Eﬁ ek
413.05 feet. 1 |Hiee He | ina
g. The ball travels approximately 275 feet =.8 1=119. 958215496
before ?t reaches its maximum height of e. Yes, 4382 feet is reasonable.
approximately 131.8 feet.
i il
T 37, Cx) =100+ 42900
b 0
2| 480 36000
o __[118.05 a. C(480)=100+—+——
=273 (450) 10 480
h. The ball travels approximately 264 feet =$223
before it reaches its maximum height of
600 36000
approximately 132.03 feet. C(600) =100+ —+——
A ] S ] 10 600
TED | 13z TR0 | 13z =$220
Bl 1zz.0d cEl 1zz.0l
i | Lok
EEd | 1zead B | Aea b. {x | x> 0}
Bt 1z2.0z cht 1z2.03
CEA 1xz.02 A 13z.02
1=132.829112426) M1=132. 831242604
b 4
cal 1z
Bei | 13Em
chc 1ze.02
cE3 1ze.03
a4
2Btk
286 1ze.02 J_
1=132. B2a585 739
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38.

Graphing:

500

0 1000
0

TblStart =0; ATbl =50

Al 1
0 ERROF:
En BEE
100 | 47o
ien | 3EE
oo | Eoo
£y | a9
o0 | E50
18188+ 1B+ 3606, .

The cost per passenger is minimized to
about $220 when the ground speed is
roughly 600 miles per hour.

i il

HEQ czk
E0n ot

ZZ0.HE
E ]
BEQ cz0.zB
con cEihz
FE0 ]
=105

a.  C(0)=5000

This represents the fixed overhead costs.
That is, the company will incur costs of

$5000 per day even if no computers are

manufactured.

€(10)=19,000

It costs the company $19,000 to produce 10
computers in a day.

C(50)=51,000

It costs the company $51,000 to produce 50
computers in a day.

The domain is {q |[0<g< 80} . This

indicates that production capacity is limited
to 80 computers in a day.

The graph is curved down and rises slowly
at first. As production increases, the graph
rises more quickly and changes to being
curved up.

The inflection point is where the graph
changes from being curved down to being
curved up.

39.

a.

Section 2.2: The Graph of a Function

C(0)=$50
It costs $50 if you use 0 gigabytes.
C(5)=850
It costs $50 if you use 5 gigabytes.

C(15)=$150
It costs $150 if you use 15 gigabytes.

The domain is {g |[0<g< 30} . This

indicates that there are at most 30 gigabytes
in a month.

The graph is flat at first and then rises in a
straight line.

40. g(—2)=5:@-4

41.

Since f(-2)=(-2)*—4(-2)+c¢

=12+c
we have
12
+c_4:5
12
+c _9
3
12+c¢=27
c=15

SO

f(3)=3"-4-3+15=12

g(5)=5"+n=25+n
f(gB)=f25+n)=25+n+2=4

, N25+n =2

25+n=4
n=-21

g(n)=n>+n=(21)%+(21)=420.

42. Answers will vary. From a graph, the domain
can be found by visually locating the x-values for
which the graph is defined. The range can be
found in a similar fashion by visually locating
the y-values for which the function is defined.

If an equation is given, the domain can be found
by locating any restricted values and removing
them from the set of real numbers. The range can
be found by using known properties of the graph
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43.

44.

45.

46.

47.

48.

49.

of the equation, or estimated by means of a table
of values.

The graph of a function can have any number of
x-intercepts. The graph of a function can have at
most one y-intercept (otherwise the graph would
fail the vertical line test).

Yes, the graph of a single point is the graph of a
function since it would pass the vertical line test.
The equation of such a function would be

something like the following: f (x)=2, where
x=T7.

(a) II; (b) IV; (¢) I; (d) V; (e) I

(@ 1L (b) V; (o) 1V; (d) 1T (e) I

y
22,5)
~~ 5_
2
g 4f
Mal
& 3t
g 5,2)
g 2
A 7,0
a8 1L
29,0
[ |||||||(||)||x
6,0) 10 20 30
Time (in minutes)
i
20,000 |- (78, 19,000)
15,000
3 -
£ -
5 10,000
g - (33, 9000) (48, 9000)
A B
5000
- (13, 4000)
- A(10, 2000)
1000 |-
N T T T T T T T T T .
5 20 40 60 80
Time (in minutes)
a. 2 hours elapsed; Sobia was between 0 and 3

miles from home.

b. 0.5 hours elapsed; Sobia was 3 miles from
home.

¢. 0.3 hours elapsed; Sobia was between 0 and
3 miles from home.

50.

51.

52.

53.
54.

5S.

108

d. 0.2 hours elapsed; Sobia was at home.

0.9 hours elapsed; Sobia was between 0 and
2.8 miles from home.

f. 0.3 hours elapsed; Sobia was 2.8 miles from
home.

g. 1.1 hours elapsed; Sobia was between 0 and
2.8 miles from home.

h. The farthest distance Sobia is from home is
3 miles.

i. Sobia returned home 2 times.

a. Michael travels fastest between 7 and 7.4
minutes. That is, (7,7.4).

b. Michael's speed is zero between 4.2 and 6
minutes. That is, (4.2,6).

c. Between 0 and 2 minutes, Michael's speed
increased from O to 30 miles/hour.

d. Between 4.2 and 6 minutes, Michael was
stopped (i.e, his speed was 0 miles/hour).

e. Between 7 and 7.4 minutes, Michael was
traveling at a steady rate of 50 miles/hour.

f. Michael's speed is constant between 2 and 4
minutes, between 4.2 and 6 minutes,
between 7 and 7.4 minutes, and between 7.6
and 8 minutes. That is, on the intervals
2,4),(4.2,6),(7,7.4), and (7.6, 8).

Answers (graphs) will vary. Points of the form
(5, y) and of the form (x, 0) cannot be on the
graph of the function.

The only such functionis f(x)=0 because it is

the only function for which f(x)=—f(x). Any
other such graph would fail the vertical line test.

Answers may vary.
f(x=2)=—(x=2)*+(x-2)-3
=—(x* —4x+4)+x-2-3

=—x* +5x-9

d =(1-3)’ + (0~ (-6))’

J(=2)? +(-6)
4+36 =+/40 = 2/10
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56.

57.

58.

59.

60.

61.

62.

63.

2
y—4:§(x—(—6))
y—4=§x+4

y:§x+8

Since the function contains a cube root then the
domain is:

(~0.e)

1 2
‘:5 (—12)} =36

Ji 6 _ 6 i+

x—6 x=6  x+6
x—06 1

B (x-6)(Vx+v6) Va+6

The car traveling north travels a distance or 25t
and the car traveling west travels a distance of
35t where t is the time of travel. Using the
Pythagorean we have:

40% = (351)% +(251)°
1600 = 1225t + 625¢>
1600 = 1850¢>

? =0.8649

t =0.93 hours
Converting to minutes we have
0.93(60) = 55.8 minutes

3x+4<7 and 5-2x<13
3x<3 —2x<8
x<1 x>-4

The solution set is (—4,1].
(5x° —7x+2)—(8x—10)

=5x* ~7x+2-8x+10
=5x> —15x+12

[-3,10]

Section 2.3: Properties of Functions

Section 2.3
1. 2<x<5
Ay 8-3 5
2. 1 =—= = —= 1
TP A T3 (2) 75

3. x-axis: y > -y

(—y) =5x* -1
—y=5x*-1
y=-5x>+1 different
y-axis: x = —x
y= 5(—x)2 -1
y=5x*—1 same
origin: x >—x and y —>—y
(-3)=5(~ 1
—y=5x -1
y=-5x*+1 different
The equation has symmetry with respect to the
y-axis only.
4. y—ylzm(x—xl)
y=(-2)=5(x=3)
y+2=5 (x - 3)

5. y=x"-9
x-intercepts:
0=x>-9
¥’ =95 x=43
y-intercept:
y=(0)-9=-9

The intercepts are (-3,0), (3,0), and (0,-9).
6. increasing
7. even; odd
8. True

9. True
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10.

False; odd functions are symmetric with respect
to the origin. Even functions are symmetric with
respect to the y-axis.

Increasing: [-1, 0] and [1, 3];

Decreasing: [-3, —1] and [0, 1].

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

11. ¢
27. I : 1).
12. d ntercepts: (0, 1)
Domain: {x|x is any real number} ;
13. Yes
Range: {y| y >0} or (0,).
14. No, it is increasing.

Increasing: (—o0,00) ; Decreasing: never.

15. No Since the graph is not symmetric with
respect to the y-axis or the origin, the
16. Yes L
function is neither even nor odd.
17. f isincreasing on the intervals

18.

19.

20.

21.

22,

23.

24,

25. a

26.

[-8.-2].[0.2].[5.7].

f 1is decreasing on the intervals:

[-10,-8],[-2,0],[2,5].

Yes. The local maximum at x =2 is 10.

No. There is a local minimum at x =35 ; the local
minimum is 0.

f has local maxima at x=—2 andx=2. The
local maxima are 6 and 10, respectively.

f haslocal minima at x=-8, x=0andx=5.
The local minima are —4, 0, and 0, respectively.

f has absolute minimum of —4 atx =-8.

f has absolute maximum of 10 atx =2.

Intercepts: (-2, 0), (2, 0), and (0, 3).
b. Domain: {x| —4<x< 4} or [4,4];
Range: {y|0< y<3} or [0,3].

¢. Increasing: [-2, 0] and [2, 4];
Decreasing: [-4, —2] and [0, 2].

d. Since the graph is symmetric with respect to
the y-axis, the function is even.

®

Intercepts: (-1, 0), (1, 0), and (0, 2).
b. Domain: {x| -3<x< 3} or [—3, 3];
Range: {y|0< y<3} or [0,3].

28.

29.

30.

31.

Intercepts: (1, 0).

Domain: {x| x> 0} or (0, 00);
Range: {y| y is any real number} .
Increasing: [0,0) ; Decreasing: never.

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

Intercepts: (—m,0), (7,0), and (0,0) .
Domain: {x| —nt<x< TC} or [-m, 7]

Range: {y|—1£ ySl} or [—1, 1].

Increasing: [—E E]
. 2 9 2 b

Decreasing: ‘:—TE, —g} and [g, n} .

Since the graph is symmetric with respect to
the origin, the function is odd.

Intercepts: (—g Oj, (g Oj, and (0,1) .

Domain: {x| —nt<x< n} or [-m, 7]
Range: {y|-1<y<I1} or [-1,1].
Increasing: [—n, O] ; Decreasing: [0, TE] .

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

(1 5 1
Intercepts: (3, Oj, (2, OJ, and (O, 2].
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32.

33.

34.

35.

36.

37.

Domain: {x| -3<x< 3} or [—3, 3] ;
Range: {y|—1£ y< 2} or [-1,2].
Increasing: [2,3]; Decreasing: [-1,1];
Constant: [-3, 1] and [1, 2]

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

Intercepts: (—2.3,0),(3,0), and (0,1).
Domain: {x|-3<x<3} or [-3,3];
Range: {y|-2<y<2} or [-2,2].
Increasing: [-3,-2] and [0, 2];
Decreasing: [2, 3]; Constant: [-2, 0].

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

f has alocal maximum value of 3 at x=0.

f has alocal minimum value of 0 at both

x=—2and x=2.

f has alocal maximum value of 2 at x=0.

f has a local minimum value of 0 at both

x=—landx=1.

f has alocal maximum value of 1 at

38.

39.

40.

41.

42.

43.

44.

Section 2.3: Properties of Functions

Fx)=2x*—x*
f(=x)= 2(—x)4 —(—)c)2 =2x*—x* = f (x)

Therefore, f iseven.

g(x)=10—x"
g(=x)=10—(—x)* =10—x* = g(x)
Therefore, g is even.

h(x)=3x>+5
h(—=x) =3(=x)’ +5=-3x>+5
h is neither even nor odd.

F(x)=4x

F(—x) =J~4x =—J4x =—F(x)
Therefore, F is odd.

G(x)=+[x

G(-x) =~/-x

G is neither even nor odd.
fx)= x+| x|
f=x)=—x+|—x|=—x+| x|

f 1s neither even nor odd.

Fx)=v2x2+1
Fx) =227 +1 =322 41 = £ (x)

Therefore, f iseven.

x = z
2° 1
f has alocal minimum value of —1 at 5. 8= 2 +8
3 1
=Ty g(=x)= = =g(x
2 (—0?+8 x*+8 )

f has alocal maximum value of 1 at x=0.

Therefore, g is even.

f has alocal minimum value of —1 both at 46. h(x)= 2x
x=—m and x=rx. x =1
—X —X
h(—x) = = =—h(x
f =42 oo e M)

Fx0) =4(—x)} =—4x> =—f (x) Therefore, 4 is odd.

Therefore, f is odd.
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Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

Chapter 2: Functions and Their Graphs

3

47, h(x)=—2
- b= 32 _9 55. f has no absolute maximum or minimum.
(- x)3 i f has no local maximum or minimum.
h(—x) = 3 =— = —h(x)
3(=x)"-9 3x°-9
Therefore, h is odd. 56. f has no absolute maximum or minimum.
f has no local maximum or minimum.
48. F(x)=2X
| x]
2(— -2
F(-x)= | ( xl) = |—)|C =—F(x) 57. f(x)=x’-3x+2 on the interval [-2,2]
-X x

Use MAXIMUM and MINIMUM on the graph

Therefore, F is odd. 3
of yy =x"-3x+2.

49. f has an absolute maximum of 4 at x =1. e !
f has an absolute minimum of 1 at x=5. 5 ¢ T s 5
f has an local maximum value of 3 at x =3.
f has an local minimum value of 2 at x = 2. LN F
s
50. f has an absolute maximum of 4 at x =4. o ki
f has an absolute minimum of 0 at x =35. 5 }r".r x‘a___ y __,f" ,

f has an local maximum value of 4 at x =4.

ini = Hiniraur "
f has an local minimum value of 1 at x=1. B Ebons [yzi55p-11
-5

local maximum: f(-1)=4

51. f has an absolute minimum of 1 at x=1. o
local minimum: f(1) =0

f has an absolute maximum of 4 at x = 3.
fis increasing on: [—2,—1] and [1, 2] ;

f has an local minimum value of 1 at x=1.

f has an local maximum value of 4 at x = 3. fis decreasing on: [-1,1]

58. f(x) =x*—3x* +5 on the interval [—1,3]
Use MAXIMUM and MINIMUM on the graph
of y, =x’ —3x"+5.

52. f has an absolute minimum of 1 at x=0.
f has no absolute maximum.

f has no local minimum.

10
f has no local maximum. "
e r
. _"-\-.___\_'__.F"J
. 1 3
53. f has an absolute minimum of 0 at x=0.
f has no absolute maximum. Hairaur X
o H=Z.2PBHE"E_V=E
f has an local minimum value of 0 at x=0. -10
10
f has an local minimum value of 2 at x =3. .
f has an local maximum value of 3 at x =2. i T '
. e
1f; = 3
54. f has an absolute maximum of 4 at x =2. i
M
f has no absolute minimum. 718999877 ¥51

10
f has an local maximum value of 4 at x =2. local maximum: £(0)=5

f has an local minimum value of 2 at x =0. local minimum: f(2) =1
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59.

60.

fis increasing on: [-1,0] and [2,3];
[is decreasing on: [0,2]

f(x)=x"—x on the interval [-2,2]

Use MAXIMUM and MINIMUM on the graph

5_ .3
of yy=x"-x.

0.5

N AN “\J} )

Hox
W= 2P4EREE [y= 1BE90zZ

-0.5
0.5

By AN 2

Hinirur
W=.APHERRE  [V=-dBEBOEE
0.5

local maximum: f(—0.77) =0.19

local minimum: f(0.77) = —0.19

fis increasing on: [—2, —0.77] and [0.77, 2];
fis decreasing on: [-0.77,0.77]

f (x) = x* —x? on the interval [—2, 2]

Use MAXIMUM and MINIMUM on the graph

of y, =x*—x.

', !
2 N 2
Haximurm x
n=-1.13BE-6 |¥=-1.ZE-1Z

““-—.m-"l

Hinimur ; ®
A FOFL0A0E =-2k

=
local maximum: f(0) =0
local minimum:

61.

62.

113

Section 2.3: Properties of Functions

F(=0.71) = -0.25; £(0.71) = ~0.25
fis increasing on:[-0.71,0] and [0.71,2]:
fis decreasing on: [-2,-0.71] and [0,0.71]

f(x)=-0.2x" —0.6x> +4x—6 on the interval
[-6.4]

Use MAXIMUM and MINIMUM on the graph
of y =—0.2x" —0.6x> +4x—6.

[}

-6 — 4
- L =,
' . Y
- ',
"‘-._\_ ___.-"'{
.
Hinifue u
W=-2.7EEE7Z ''=-18.891z2
-30
2
I
u ——_ 4
’ f T
[y ._.-"- '!.H
"\.__ - '
RN
Haxirum . b
w=1.7608876" ''=-1.9087HY
-30

local maximum: f(1.77) = —1.91

local minimum: f(-3.77) = —18.89

[fis increasing on:[-3.77,1.77] ;

f1s decreasing on: [—6, —3.77] and [1.77, 4]

f (x) = —0.4x> +0.6x” +3x—2 on the interval
[-4.5]

Use MAXIMUM and MINIMUM on the graph
of y, =—0.4x" +0.6x> +3x—-2.

Ninirur x
#=-1.15Bz1E Y=-4.04BZE7

-8
5

Il"k - II'|

Haximur
s i kD
-8

local maximum: f(2.16) =3.25
local minimum: f(—1.16) = —4.05

|
V=Z.248ZH7 2
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fis increasing on: [—1.16,2.16] ;
fis decreasing on: [-4,-1.16] and [2.16,5]

63. f(x)=0.25x"+0.3x’ —0.9x° +3 on the
interval [-3,2]
Use MAXIMUM and MINIMUM on the graph
of y, =0.25x* +0.3x* —0.9x* +3.

i ;
\ J
, —t -
R
4
Sl 12
Hinimum b3
w=-1.B65088 ''=94804zHB
-2
u
\ /
e
\ e
N
_
3| Wazimon “?
w=11*B4E-8 Y¥=3
-2
| ;s
i S
-
R,
3 Hinimura |2
W=.9eE08BBE: Y=&.B48:B21
-2

local maximum: f(0)=3
local minimum:

F(=1.87) =095, £(0.97) = 2.65
f1s increasing on: [—1.87,0] and [0.97, 2] ;
fis decreasing on: [-3,—1.87] and [0,0.97]

64. f (x) =—-04x*—0.5x> +0.8x* =2 on the
interval [-3,2]
Use MAXIMUM and MINIMUM on the graph
of y =—04x*—0.5x’ +0.8x 2.

Haximum ®
H=.83580191 Y=-1.B7048
-10

local maxima: f(—1.57) =-0.52,
f(0.64)=-1.87

local minimum: (O, —2) fO)=-2

f1s increasing on: [—3,—1.57] and [0, 0.64];
f1s decreasing on: [—1.57,0] and [0.64, 2]

65. f(x)=-2x"+4
a. Average rate of change of f from x=0 to

x=2
F2)-£(0) (-2(2)2 +4)—(—2(0)2 +4)
2-0 2
(-4 s,
2 2
b. Average rate of change of ffromx =1 to
x=3:
FA)-£(1) (—2(3)2 +4)—(—2(1)2 +4)
3-1 2
(C19-()_-16_
= > ==
c. Average rate of change of ffromx =1 to
x=4:
F@)-7(1) (—2(4)2 +4)—(—2(1)2 +4)
4-1 3
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66. f(x)=—x+1
a. Average rate of change of f from x =0 to

x=2:
r@-r() (0104
2-0 2
_T-l_ 8y
2 2
b. Average rate of change of ffromx =1 to
x=3:
7()-r0) (207 +1)=(-0"+1)
3-1 2
_ 2000 _26_
2 2
c. Average rate of change of f from x = -1 to
x=1:
r)-r (1) _ (0 #1)=(-C0'+)
1-(-1) 2
_0-2_-2_
=5 =5 =

67. g(x):x3 —4x+7

a. Average rate of change of g from x=-3 to

x=-2:
g(-2)-2(-3)
-2-(-3)

b. Average rate of change of g from x=-1 to

x=1:
g(1)-g(-1)
1= (-1)
) [(1)3 _4(1)+7]_[(_1)* _4(_1)+7]
2
_(4)-(10)_-6_
2 2
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c. Average rate of change of g from x=1 to
x=3:

68. h(x)=x>—2x+3

a. Average rate of change of / from x=-1 to

x=1:
h(1)-h(-1)
1=(=1)
) (1) =2(1)+3]=[ (17 ~2(-1)+3]
2
@6 _4_,
2 2
b. Average rate of change of 4 from x=0 to
x=2:
h(2)~h(0)
2-0
) (2 -2(2)+3]-[ (0 ~2(0)+3]
2
0-0)_0_,
2 2
c. Average rate of change of & from x=2 to
x=5:
1(5)-h(2)
5-2
) (57 -2(5)+3]-[ (2 -2(2)+3]
3
_08)-() _15_,
3

69. f(x) =5x-2
a. Average rate of change of f from 1 to 3:
Ay _f(3)-f()_13-3_10

= —_—= 5
Ax 3-1 3-1 2
Thus, the average rate of change of ffrom 1
to3is 3.

b. From (a), the slope of the secant line joining
(l,f(l)) and (3,f(3)) is 5. We use the
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Chapter 2: Functions and Their Graphs

point-slope form to find the equation of the
secant line:

Y= =msec('x—xl)
y—3=5(x-1)
y—-3=5x-5

y=5x-2

70. f(x)=—4x+l

a. Average rate of change of f from 2 to 5:
by _f(5)-f(2)_-19-(-7)
Ax  5-2  5-2
—-12
R

Therefore, the average rate of change of f
from2toS5is —4.

b. From (a), the slope of the secant line joining
(2.1(2)) and (5.(5)) is —4. We use the
point-slope form to find the equation of the
secant line:

Y=Y = Mg, (x—xl)
y—(—7) = —4(x— 2)
y+7=-4x+8
y=—4x+1

71. g(x) =x’-2
a. Average rate of change of g from -2 to 1:
Ay _g()-g(2) _ -1-2 -3
AT 1-(w2) 1-(2) 3
Therefore, the average rate of change of g
from -2 to 1is —1.

|

b. From (a), the slope of the secant line joining
(-2.¢(-2)) and (1,g(1)) is —1.We use the

point-slope form to find the equation of the
secant line:

Y=Y = Mg (X—)Cl)
y-2=-1(3~(2)
y—2=-x-2

y=-x

72. g(x)=x"+1
a. Average rate of change of g from —1 to 2:
Ay _8(2)-s(-)_ 5-2 _3_,
AT 2-(-1) 2-(-1) 3
Therefore, the average rate of change of g
from —1 to2is 1.
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b. From (a), the slope of the secant line joining
(—l,g(—l)) and (2,g(2)) is 1. We use the
point-slope form to find the equation of the
secant line:

Y=V = Mgee (x_xl)
y=2=1(x=(-1))
y—2=x+1

y=x+3
73. h(x) =x?—2x

a. Average rate of change of 4 from 2 to 4:
Ay _h(4)-n(2)_8-0_8_,
Ax 4-2

4-2 2
Therefore, the average rate of change of /
from 2 to 4 is 4.

b. From (a), the slope of the secant line joining
(2.h(2)) and (4.(4)) is 4. We use the
point-slope form to find the equation of the
secant line:

Y=V = Mee (x_xl)
y—0= 4(x — 2)
y=4x-8
74. h(x) =-2x"+x

a. Average rate of change from O to 3:
Ay _h(3)-h(0) _-15-0
Ax 3-0 3-0

-15
== -5

Therefore, the average rate of change of h
from0Oto3is —5.

b. From (a), the slope of the secant line joining
(0,h(0)) and (3,A(3)) is —5. We use the
point-slope form to find the equation of the
secant line:

y—n :msec(x_xl)

y—0= —S(x—O)
y=-5x
75. a. g(x) =x>-27x
8(~x)= (=)' ~27(~x)
=—x>+27x
= —(x3 —27x)

=—g(x)

Since g (—x) =—-g (x) , the function is odd.
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Since g (x) is odd then it is symmetric
about the origin so there exist a local
maximum at x=-3.

g(-3)=(-3)’ -27(-3) =27 +81 =54
So there is a local maximum of 54 at
x=-3.

76. f(x)=—-x"+12x

a.

77.

78.

BWoe R T

S

() =~(x) +12(~)
=x’ —12x

=—(—x3 +12x)

(¥
Since f (—x) =—f (x) , the function is odd.

Since f (x) is odd then it is symmetric

about the origin so there exist a local
maximum at x=-2.

f(2)==(-2) +12(-2)=8-24=-16

So there is a local minimum value of —16 at
x=-2.

Positive
Increasing
Positive
Negative
Decreasing
Negative

0

4
9

79. F(x =—x*+8x2+9

a.

F(—x) = —(—x)4 +8(—x)2 +9
=—x*+8x+9
:F(x)

Since F(—x) = F(x) , the function is even.

Since the function is even, its graph has
y-axis symmetry. The second local
maximum value is 25 and occurs at x=-2.

Because the graph has y-axis symmetry, the
area under the graph between x =0 and
x =3 bounded below by the x-axis is the
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same as the area under the graph between
x=-3 and x=0 bounded below the
x-axis. Thus, the area is 50.4 square units.

80. G(x)=-x"+32x"+144

G(—x)=—(—x)" +32(~x)" +144
=—x*+32x% +144
=G(x)

Since G(—x) = G(x) , the function is even.

Since the function is even, its graph has
y-axis symmetry. The second local
maximum is in quadrant II and is 400 and
occurs at x=—4.

Because the graph has y-axis symmetry, the
area under the graph between x=0 and

x =6 bounded below by the x-axis is the
same as the area under the graph between
x=—6 and x =0 bounded below the
x-axis. Thus, the area is 1612.8 square units.

81. C(x)=03x%+21x—2514+ 2220
X
v, =0.3x% +21x— 2514 200
X
2500
ol 30
=300

82.

Use MINIMUM. Rounding to the nearest
whole number, the average cost is
minimized when approximately 10

lawnmowers are produced per hour.
2500

0 Himimure—— 2 2 . . .
HW=B.BEDLIEFT Y=zFB.EEZET

-300

The minimum average cost is approximately
$239 per mower.
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C (1) =—0.002t* +0.039¢° —0.285¢% +0.766¢ +0.085 _ P(6)-P(45)
. i o avg. rate of change = —————=
Graph the function on a graphing utility and 6-4.5
use the Maximum option from the CALC 0.50-0.35
menu. T 6-45
h .
_ 015
1.5

Kirun
£ AE0E0YE L= PERZEREL o 10

Ha

oL=
0

The concentration will be highest after about

=0.1 gram per hour
On average, the population is increasing at a
rate of 0.1 gram per hour from 4.5 to 6
hours.

2.16 hours. c. The average rate of change is increasing as
o . time passes. This indicates that the
Enter the function in Y1 and 0.5 in Y2. population is increasing at an increasing
Graph the two equations in the same rate.
window and use the Intersect option from
the CALC menu. 84. a.
1
D .
PN 11,000 aEn
Intersection = 1 “
H=.PAZEELZ Ly=5 10 = -0
0 0 = 10,000 . °
! £
~ 3 9000
V 8000 e
g g, 2010 2015 2020 ¥
0 . - 10 :
0 Year
After taking the medication, the mother can
feed her child within the first 0.71 hours b.
(about 42 minutes) or after 4.47 hours (about
4hours 28 minutes) have elapsed. Di
P(25)-P(0) _ 11,000
83. avg. rate of change = ————— z 1
~0.18-0.09 = 10,000 .
2.5-0 =
_0.09 2 9000 ,
25 2 ;
=0.036 gram per hour 8000 '

On average, the population is increasing at a
rate of 0.036 gram per hour from 0 to 2.5
hours.

2010 2015 2020 ¥
Year

The slope represents the average rate of
change of the debt from 2012 to 2019
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P(2014)-P(2012)
2014-2012

9512-9273

B 2

c. avg. rate of change =

29
2
=$119.50 dollars/yr

P(2016)- P(2014)
2013-2011

~9938-9512

- 2

d. avg. rate of change =

a2
2
=$213.00 dollars/yr

P(2018)—P(2016)
2016-2014

10409 -9938

=

471

T2

=$235.50 dollars/yr

e. avg.rate of change =

f. The average rate of change is increasing.

P(2021)— P(2019)
2021-2019

_ 9177-10507
- 2

1330
2

=-$665.00 dollars/yr

The debt decreased.

g. avg.rate of change =

h. Quarantine from Covid19 most likely had a
effect on spending habits.

85. f(x)=x>
a. Average rate of change of ffrom x=0 to
x=1:
fM)-r(0) _1r-0* 1
1-0 1 1

=1

Section 2.3: Properties of Functions

Average rate of change of ffrom x=0 to
x=05:
£(03)-£(0) _(05)° 0> 025 _

0.5-0 0.5 0.5
Average rate of change of f from x=0 to
x=0.1:
£(0)-£(0) _(0.)°-0° 0.01 _

01-0 ol 01
Average rate of change of ffrom x=0 to
x=0.01:
£(0.01)=£(0) (0.01)* -0?

0.01-0 0.01

0.5

0.1

Average rate of change of ffrom x=0 to
x=0.001:

£(0.001)- £ (0) _ (0.001)° -0

0.001-0 0.001

_ 0.000001 _ 0.001

0.001

Graphing the secant lines:
]

,
L
\ o
-1 1
A g
-1
1
. ~
" '-.._..x v= E-_.-' .
e ; o
-1 = = 1
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] f. Graphing the secant lines:

5

r

H

N==oor= ' '
-1 0

=

-

L

v =0001x

-1

g. The secant lines are beginning to look more
and more like the tangent line to the graph
of f at the point where x=0.

h. The slopes of the secant lines are getting
smaller and smaller. They seem to be
approaching the number zero. 0

5
)
'P
0
5
)
"‘l
0

86. f(x)=x>
a. Average rate of change of ffrom x=1 to
x=2:
f2)-f)_22-1 _3_,
2-1 1 1

b. Average rate of change of ffrom x=1 to

y=201x-1.01

x

=)
= Y/

x=15: =
FO5)-F() (1571 125 )5
1.5-1 0.5 05
c. Average rate of change of ffrom x=1 to y=2001x-1.001
x=1.1: *
5 OU 3
FLD=f(1) (1Y -1* o021 h1
1.1-1 01 01 * g. The secant lines are beginning to look more

and more like the tangent line to the graph

d. Average rate of change of ffrom x=1 to of fat the point where x=1.

x=1.01: . .
h. The slopes of the secant lines are getting

2
f(l.Ol)—f(l) 3 (1.01) -1’ _0.0201 _ 201 smaller and smaller. They seem to be
101-1 001 001 approaching the number 2.
e. Average rate of change of ffrom x=1 to 87. f(x)=2x+5
x=1.001: N
x+h)—f(x
£(1.001)- £(1) _(1.001)*-12 A My =W
1.001-1 0.001 _2(x+h)+5—2x—5_%_2
_ 0002001 7 h
0.001
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b. When x=1:
h=05=>m, =2
h=01=>m, =2
h=001=m, =2
as h—0, mg, —>2

c.  Using the point (1, f(1))=(17) and slope,
m=2, we get the secant line:
y=T7= 2(x—1)
y=T7=2x-2

y=2x+5
d. Graphing:

5
The graph and the secant line coincide.

88. f(x)=-3x+2

_ S+ - f®)

sec h
_ B +h)+2-(3x+2) -3k
B h T h

a.

=3

b. Whenx=1,
h=05=>m,, =-3

h=01=>mg, =-3
h=001=>mg, =-3
as h—>0, m,, >3

c. Using point(l,f(l)) = (1,—1) and

slope = -3, we get the secant line:
y=(-1)==3(x-1)

y+1=-3x+3
y=-3x+2
d. Graphing:

5
The graph and the secant line coincide.

Section 2.3: Properties of Functions

89. f(x)=x>+2x
_fa+h - f)
h
(xR +2(x+h) - (& +2x)
h
X2+ 2xh+ R+ 2x 4+ 2h—x* —2x
h

_ 2xh+h?+2h
B h
=2x+h+2

b. Whenx=1,
h=05=>m, =2-1+05+2=45

h=01=m, =2-1+0.1+2=41
h=0.01=m, =2-1+0.01+2=4.01
as h—0, m,, >2-1+0+2=4

a.

c. Using point(l, f (1)) =(1,3) and
slope = 4.01, we get the secant line:
y-3 =4.01(x—1)
y—-3=4.01x-4.01

y=4.01x-1.01

d. Graphing:

90. f(x)=2x"+x
_ SO - ()
C2(x+h)? + (x+h)—(2x% +x)
Bl h
20X+ 2xh+ )+ x+h—2x7 —x
- h
2% +4xh+ 2k 4 x+h—2x7 —x
a h
_Axh+2h* +h
= Tmm e
=4x+2h+1
b. Whenx=1,
h=05=m, =4-1+2(0.5)+1=6

a.
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h=0.1=mg =4-1+2(0.1)+1=52 d. Graphing:
2
h=0.01=>m,, =4-1+2(0.01)+1=5.02 Y| - _
as h—0, my, —>41+2(0)+1=5 1 N _/ﬁ:-"" ,
c. Using point(l,f(])) =(1,3) and _ﬂ_,--“'f_-
slope = 5.02, we get the secant line: - I %
y-3=5.02(x-1) -
y—3=5.02x-5.02 5
y=5.02x-2.02 92. f(x)=—x"+3x-2
x+h)—f(x
d. Graphing: a. sec w
- 2
] ,ff ~(x+h) +3(x+h)=2—(-2" +3x-2)
f'r'll h
//‘ (7 +2xh+ B +3x+3h—2+x" —3x+2
-1 s 'ﬂ-‘."r w2 h
X" =2xh—h° +3x+3h-2+x" —3x+2
-1 - h
2
91. f(x)=2x>—3x+1 ZLN
a. msec=—f(x+h]2_f(x) = 2x-h+3
2 5 b. Whenx=1,
_2(x+h) =3(x+h)+1-(2 =3x+1) h=05=m, =-2-1-05+3=05
h h=01=m, =-2-1-0.1+3=0.9
_ Z(x2 +2xh+hz)—3x—3h+1—2x2 +3x—1 h=001=m,, =-2-1-0.01+3=0.99
h as h—0, m,, —-2-1-0+3=1
2% +dxh+ 2k =3x—-3h+1-2x" +3x -1
- n c. Usingpoint (1, £(1))=(1.0) and
_4xh+ 2h* —3h slope = 0.99, we get the secant line:
- h y—0=0.99(x—1)
=4x+2h-3 ¥ =0.99x—0.99
b Whenx=1, d. Graphing:
h=05=my =41+2(0.5)-3=2 2 —
h=0.1=mg, =4-1+2(0.1)-3=12 ! -
h=0.01=m,, =4-1+2(0.01)~3=1.02 1 ?,r"_' . 5
A
as h—0, my, —4-1+2(0)-3=1 P \11
L h x
c. Using point(l,f(l)) = (1,0) and -'_3 ,
slope = 1.02, we get the secant line:
y-0=1.02(x~1) 93. f(x)=—
y=1.02x-1.02 o
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fx+h)— f(x)

a. m, =

sec h
1 1 x—(x+h)
_(Hh_xj_ (x+h)x
B h - h
_[x=x=h (lj: _=h (1]
(x+h)x h (x+h)x h
1
(x+h)x
b. Whenx=1,
1
h=0. o =
0352 Me =~ 1505)(1)
12
=5~ 0667
1
h=0.1= mg, =————
= e ST 0 (1)
110
— =7y~ 0909
1
=0.01 _—
h=001= e == oo )
1 __100 __
1= 101~ ~09%
1 1
U S
as h—>0, mg — (1+0)(1) 1

c. Using point(l,f(l)) = (1,1) and

100 .
slope = ———, we get the secant line:
101
100
—l=——(x-1
Y TR
100 100
T TR
__100 201
~ 1017 101
d. Graphing:
3
;-'""-h_b_ I'l.l
s Y
"'H.\_\'w_.h‘--
e
-1 e o]
| o
-1
1
9. f(x)=—
X

a. my.. =

Section 2.3: Properties of Functions

S+ - fo)
sec h

oty
2=

—2x—-h —2x—h

(x+h)’ (&7 +2xh+ 7)o

b. Whenx=1,

—2:1-0.5 _ 10
(1+05°12 9
—2:1-0.1 _ 210
(1+0.1)°1> 121

h=0.01=m, =L‘0'201
(1+0.01)"1?

20,100
o201 = 19704
as ho>0, m, —»>—219 _ 5
(1+0)"1?

h=05=m, = ~-1.1111

h=0.1=m, = ~—1.7355

c. Using point(],f(l)) =(L,1) and

slope = —1.9704 , we get the secant line:

y—1= —1.9704(x—1)

y—1=-1.9704x+1.9704
y=-1.9704x+2.9704

d. Graphing:
3
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95. f(2)=20andf(-1)=8§, so 100. An increasing function is a function whose graph
e goes up as you read from left to right.
f@-fe 12, |
2-(-1) 3 h}
[()=4-> sk
3x? +4x—1=4 B
3x* +4x-5=0 B
2 [ I
A AO)S) 45476 E - L~
2(3) 6 L
_—4£219 _-2+419 B
6 3 .
X = ﬂ ~ —2.1 is outside the interval
3 A decreasing function is a function whose graph
e 24419 ~ 079 is in the interval goes down as you read from left to right.
— ~ .

y

24419 \ B
3 >

The only such number is

96. g(-x)=-2f (—%x) =-2f [%) . Since fis odd, I~

X X -3 | 3 x
- A
) =—f Xz N » \
g(=x)= 2f(3j Zf( 3) g(x) sE \
so g is odd.
So g is odd. 101. To be an even function we need f (—x) =f (x)

and to be an odd function we need

97. Answers will vary. One possibility follows: ¥ (—x) —_f (x) In order for a function be both

Y
o even and odd, we would need f(x)=—f(x).
2+ .. . . _
B a. 0)1 This is only possible if f (x) =0.
T T Y T II M e
-2 b . . .
-1,-2) [ 4 102. The graph of y =35 is a horizontal line.
[(0, -3) A Fiekz Fieks THOCH
™~ ~h1ES Hmin=-3
~ = Amax=3
5 M= nscl=1
B ~hy= Ymin=-18
= Ymax=168
- 2.-6) W= Wacl=1
— SN = nres=1

98. Answers will vary. See solution to Problem 97
for one possibility.

99. A function that is increasing on an interval can
have at most one x-intercept on the interval. The
graph of f could not "turn" and cross it again or it
would start to decrease. each x-value in the interval.

The local maximum is y =35 and it occurs at

124
Copyright © 2026 Pearson Education, Inc.

Solutions Manual for Precalculus 9th Sullivan


https://textbooktestbanks.com/products/9780135372555-solutions

103. Not necessarily. It just means f(5)> f(2) . The

function could have both increasing and
decreasing intervals.

S)=f(x)  b-b
Xy =X _x2_x]
f@2)-f(=2)_0-0 —0

2-(-2) 4

104. =0

105.

J540 = [36(15) = 6415

106. (4a-b)* =(4a—-b)(4a—-b)
=16a* —4ab—4ab + b*

=16a* —8ab+b*

107. C(x)=0.80x+40

108. S =

33=

5|a~ N |

k =330

330
S—T
330
S=T0

S =8.25 days

109. (x=h)+(y—k)* =r?

Nlél

;

(x=3)"+(y-(-2)) (

(x=3+(y+2)° =

N W

Section 2.3: Properties of Functions

110.

~2) 2(32° +1)15x* + (3 +1) 3(x* ~2) 2x
= ( =2) (327 +1) [( 2

) (
( 2)2 (3x +1)[5x5—10x +3x° +1J
)

/—\

2)5x° +(3x° +1)]

=6x(x* -2 2(3x5+1)[8x5—10x +1]

11 (x1+x2 yl+yz]_[—2+§ 1+<—4>j
’ 2 2 ) ’

112. 3x+7]-3=5
|3x+7|:8
3x+7=-8 or 3x+7=8
3x=-15 3x=1
1
x=-5 x:§
The solution set is {—5,%}
113. X +7x =8
X+7x-8=0
O +8)(x*-D=0
X +8=0 or ¥ -1=0
X =-8 x =1
x=-2 x=1
The solution set is {-2,1}
114. 3y’ -D+3x* -3xy* =3x’y-D=0

3y*-D-3x"y-D=-3x" +3xy’
D(3y2 —3x2y) =-3x" +3xy’
Rt S i)
3y’ -3x"y ¥ —-x’y y(y—xz)

3% +3xy’
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Section 2.4 9. b
1. y:,\/; 10. a
YA 11. C
5_
~ 12. A
B “,2)
—(1, 1)
0,0) - 13. E
[ T I I B
-3 - 7 14. G
B 15. B
= 16. D
17. F
2.
18. H
19. f(x)=x
YA
10
B @44
Ll 111 A1
-10 L (0,0) 10
(_41_4) —
3. y=x"-8 -10F-
y-intercept: ,
Let x=0, then y=(0)3—8=—8. 20. f(x)=x
YA
x-intercept: 20+
Let y=0, then 0=x"-8 ~
x=2 10:
The intercepts are (0,—8) and (2,0). B
-2, 4 — 2,4
4 (=0) Ll i wWgA 1111
-5 (0, 0) 5

5. piecewise-defined
6. True

7. False; the cube root function is odd and
increasing on the interval (—o0,00).

8. False; the domain and range of the reciprocal
function are both the set of real numbers except
for 0.
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21 f(x)=x° 25. f(x)=3x
YA
5_
1.1
ZT X
1 T o0 4 ﬁw. 0 5
- —1, -1 |
(-2, -8) B B
—10F _s|-
22, f(x)=+x 26. f(x)=3
YA YA
50 5 _0.3)
B “,2) g * .
(1, 1) (-23) L (23
|(|0’?)_||||||| X B
S F 7 ~ TR
B i
-5+

27. a. f(-3)=—(-3)*=-9

23. b o
¢ f3=303)-2=7
28. a.  f(-2)=-3(-2)=6
b. f(-1)=0
e f(0)=2(0)+1=1
24, 29. a.  f(-2)=2(-2)+4=0
?\_ b. f(0)=2(0)+4=4
(-2,2) E 2, 2) e f(1)=2(1)+4=6
(L)) A b )= 126
E 30. a.  f(-D=(-1)’=-1
sk

b. £(0)=(0) =0
e f)=31)+2=5
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d. f(3)=3(3)+2=11

2x ifx#0

3. f(x)={1 ifx=0

a. Domain: {x| x is any real number}

b. x-intercept: none
y-intercept:

f(0)=1
The only intercept is (0, 1) .
c¢. Graph:
¥
3
a,2)
©, 1)
|1 | [
-3 3
-1,-2)
-3

d. Range: {y| y ¢O}; (=00, 0) (0, )

3x ifx=0

32 f(x)={4 ifx=0

a. Domain: {x| x is any real number}

b. x-intercept: none
y-intercept: f (0) =4

The only intercept is (0,4) .

¢. Graph:

d. Range: {y| y# O} ; (—00,0) (0, )

-2x+3 ifx<l1

33 f(x)z{sx—z ifx>1

a. Domain: {x| X is any real number}

b. x-intercept: none
y-intercept: f (0) = —2(0) +3=3

The only intercept is (0, 3) .

¥y
\
(0,3)

c. Graph:

-5

d. Range: {y| yZl}; [1, )

M. () x+3 ifx<-2
. X) =
—-2x-3 if x>-2
a. Domain: {x| X is any real number}
b. x+3=0 —2x-3=0
x=-3 —2x=3
3
x=—=
2

. 3
x-intercepts: —3, >
y-intercept:  f (O) = —2(0) -3=-3
. 3
The intercepts are (—3, 0) s —5,0 , and

(0.-3).

c¢. Graph:

y
(—3%_)2’1)21:
LNl
/ 5

©0.-3)
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Section 2.4: Library of Functions; Piecewise-defined Functions

d. Range: {y|y<1}; (—o0,1] c. Graph:
¥
: 6
x+3 if —2<x<1 (0,5)
35. f(x)=45 ifx=1
-x+2 ifx>1 _4'1'(' ""'ééc
(=3,-1
a. Domain: {x| x> —2} ; [—2, oo) (0, -3)
(1, -5)
b. x+3=0 —x+2=0 0
x=-3 —x=-2
(not in domain) x=2 d. Range: {y| y< 5} ; (-0, 5)
x-intercept: 2
1+x ifx<0
y-intercept: f(0)=0+3=3 37. fo)= {xz x>0
The intercepts are (2,0) and (0,3) . a. Domain: {x| x is any real number}
c¢. Graph: b. 1+x=0 x* =0
Y .s) x=-1 x=0
5to(l, ¥ .o
f(l’ 4 x-intercepts: —1,0
L y-intercept:  f (0) =0"=0
2.0/ Can
_5' — _?\' L '5 = The intercepts are (—1,0) and (0,0) .
B c¢. Graph:
L Y
s 2
d. Range: {y|y<4, y=5}: (-o0,4)U{5} 0,1y, a, 1)
-1, ?/
| | L X
2x+5 if —3<x<0 -2 {0, 0) 2
36. f(x)=4-3 ifx=0 B
—5x ifx>0
a. Domain: {x| x> —3} ; [-3, %) -2
b. 2x+5=0 —5x=0 d. Range: {y| y is any real number}
2x=-5 x=0
i i i - ifx<0
oo 5 (not in domain of piece) 38, f=1x
2 I ifx20
x-intercept: ) a. Domain: {x| x is any real number}
y-intercept: f (0) =-3 b. 1_ 0 fr=0
. 5 * . x=0
The intercepts are | ——,0 | and (0, —3) ) (no solution)
2 x-intercept: 0

y-intercept: f(O) = 3/6 =0

The only intercept is (0,0) .
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c. Graph: b. 2—-x=0 Jx=0
}5“_ x=2 x=0
— (not in domain of piece)
:(1, 1 no x-intercepts
D 4. -intercept: f(0)=2-0=2
-5 1(0, 0) 5 Y P f< )

() The intercept is (0, 2) .

5 c. Graph:
YA
d. Range: {y| y is any real number} (=3.5)
’ 5
9. F |x| if —2<x<0 - 4.2)
. x) = 0.2 \D//
P ifx>0 21
N T T Y T A
-5 L 5 X
a. Domain: {x|-2<x<0and x>0} or N
{x]x=-2,x=0}; [-2,0)U(0.). B
_5 —
b. x-intercept: none L

There are no x-intercepts since there are no d. Range: { y| y> 1} . (1 oo)
values for x such that f (x) =0.

. X if0<x<2

y-intercept: .

There is no y-intercept since x =0 is not in . f()=qx+2 if2<x<5

the domain. 7 if 25

c¢. Graph:
Y a. Domain: {x| x> O}; (O,oo).
3 —
(-2.2) b. x*=0
x=0
— (1. 1) (not in domain
| | | X of piece)
2 2" x42=0  7=0
=1 x=-2 (not possible)

(not in domain
d. Range: {y| y > 0} ; (0, oo) of piece)
No intercepts.
2—-x if -3<x<1

40. =
7 {J} ifx>1

a. Domain: {x|—3£x<1andx>1} or

{x|x2 —3,x¢1} ; [—3,1)u(1,oo).
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c¢. Graph: 44. Answers may vary. One possibility follows:

(x) = X if —1<x<0
(5', 7)_ FO=1 focx<n

I

45. Answers may vary. One possibility follows:

—X ifx<0
F)= {_

x+2 if0<x<2

/.(2,4)
/ il i 46. Answers may vary. One possibility follows:

__sl'(ﬂ.. 0) > f(x)={2x+2 if —1<x<0

X ifx>0
d. Range: {y|0<y£7}; (0,7]
47. a.  f(1.7)=int(2(1.7)) =int(3.4) =3
3x+5 if -3<x<0

2. f=l5  ifo<x<2 b.  f(2.8)=int(2(2.8)) =int(5.6) =5

X +1 ifx>2 ¢.  f(-3.6)=int(2(-3.6)) =int(-7.2) =8
8. Domain: {x|x>-3}: [-3,0). 8. a. f(2)= int(%j ~int(0.6)= 0
b. 3x+5=0 5=0 X +1=0 6
oo S (not possible) X2 =-1 b. f(1.6)=int (7) =int(0.8) =0
3 (not possible)

e f(-18)= int(%} =int(-0.9) =—1

. 5
X-1ntercept: — g

y-intercept: f(O):S 49. a.
Yi
The intercepts are (0,5) and —é,O ) 6\(2’ 6)-
3
. Graph:
B 0045
f';"lb' HII}/_T_;K‘ AT
(3, 10) L0 a1
S o3, s D6 -2
(_'9 0)— #(’ )__
INSDO.5)
-—j '0 Y b. The domain is [0,6].
(_3 +4) c. Absolute max: f(2)=6
Absolute min: f(6) =-2
d. Range: [—4,00) 50. a.

43. Answers may vary. One possibility follows:
—X if -1<x<0

f=11

—X if0<x<2
2
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51.

52.

53.

Y
(—2,3) 4/ 3 2,3)
11
750, 2)
__(09 1) =
‘l‘ ‘i ’x‘
2

b. The domainis [-2,2].
c. Absolute max: f(-2)= f(2)=3
Absolute min: none

oo 0.13x+17 if0<x<150
~10.4x-23.5 ifx>150

a.  C(76)=0.13(76)+17 = $26.88
b. C(133)=0.13(133)+17 =$34.29

c. C(189)=0.4(189)-23.5=552.10

3-3int(1-x) 0<x<2
F(x): 6—4int(2—x) 2<x<4

36 4<x<8

77 8<x<24

a. F(0.5)=3-3int(1-0.5)=3
Parking for 0.5 hours costs $3.

b. F(2)=3-3int(1-2)=6
Parking for 2 hours costs $6.

c. F(3.25)=6-4int(2-3.25)=14
Parking for 3.5 hours costs $14.

d. F(8)=36
Parking for 8 hours costs $36.

a. Charge for 2 dozen: C =2.00(24)
=$48.00
b. Charge for 120 cupcakes:
C =100+1.5(x—-50)
=100+1.5(120-50)
=$205

c. For 0<x<50:
C=2x

132

54.

For x<200:

C=100+1.5(x—50)

For x>200:

C= 100+1.5(150)+1.15(x—200)

=325+1.15(x—200)

The cost function:
2x if0<x<50

C=49100+1.5(x-50) if50<x<200
325+1.15(x—200) if x > 200

Graph:

)
(=]
=

(3]
(=]
=

—
=
=]

Cost (dollars)

0, 0100 200 x
Cupcakes Ordered

Taxes for $48,000:
T = 0.08(48000)

=$3840
Taxes for $132,000:
T = 0.08(75000) +0.16(57000)

=$15,120

Taxes for $231,000:

T =0.08(75000) +0.16(125000) + 0.22(31000)

=$32,820

For 0<x<75,000:
T =0.08x

For 75,000 < x < 200,000 :
T = 0.08(75,000) + 0.16(x — 75,000)
= 6000+ 0.16(x —75,000)
For 200,000 < x < 350,000 :
T = 0.08(75,000) +0.16(12,5000)
+0.22(x — 200,000)
=26000+0.22(x — 200000)

For x> 350000 :
T =59000+0.3(x—350000)
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The tax function:
0.08x if 0<x<75,000

T(x) _ 6000+ 0.16(x—75,000) if 75,000 < x <200,000
26,000+ 0.22(x—200,000) if 200,000 < x < 350,000
59,000+ 0.3(x—350,000) if x>350,000

Yy
100000

9000)
50000 -

200000 400000 600000 X
Annual Taxable Income

Federal Income Tax

55. For schedule X:

0.1x if 0<x<11,600
1160+ 0.12(x —11,600) if 11,600 < x <47,150
5426 +0.22(x—47,150) if 47,150 < x<100,525

f(x)=417,168.50+0.24(x—100,525) if 100,525 <x<191,950
39,110.50+0.32(x—191,950)  if 191,950 < x < 243,725
55,678.50+0.35(x—243,725) if 243,725 < x <609,350
183,647.25+0.37(x—-609,350) if x> 609,350

56. For Schedule Y —1:

0.1x if 0<x<23,200
2320+0.12(x —23,200) if 23,200 < x 94,300
10,852+ 0.22(x —94,300) if 94,300 < x <201,050

f(x)=1434,337+0.24(x—-201,050) if 201,050 < x <383,900
78,221+ 0.32(x —383,900) if 383,900 < x £487,450
111,357 +0.35(x —487,450) if 487,450 < x<731,200
196,669.50+0.37(x—731,200) if x> 731,200

57. a. Let x represent the number of miles and C be the cost of transportation.

0.50x if 0< x<100
~]0.50(100) +0.40(x ~100) if 100 < x < 400
~10.50(100) +0.40(300) +0.25(x — 400) if 400 < x <800

0.50(100) +0.40(300) + 0.25(400) + 0(x —800) if 800 < x < 960
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0.50x if0<x<100
c 3 10+0.40x if 100 < x €400
) =12040.25x if 400 < x < 800
270 if 800 < x <960
yi
. 275[-(800,270) 3 Ly |
2 (960, 270)
= 200 / H
< /1400, 170) -
g 1001
©  [£(100,50)

0, 0) 500 1000 x
Distance (miles)

b. For hauls between 100 and 400 miles the cost is: C(x) =10+0.40x .

¢. For hauls between 400 and 800 miles the costis: C(x) =70+0.25x.

given by
s L ber of d ) 4 Th " 9000 if s<659
+ Letx = number of days car is used. The cost o 8250 if 660<s <679
renting is given by
185 if x=7 C(s) 5250 if 680<s<699
S =
222 if T<x<8 3750 if 700<s<719
259 if 8<x<9 2250 if 720<s<739
C)=1206 it 0<r<10 1500 if 5>740
333 if 10<x<11 b. 725 is between 720 and 739 so the charge
370 if 11<x<14 would be $2250.
¢. 670 is between 660 and 679 so the charge
YA would be $8250.
[
= 370 o 60. Let x = the amount of the bill in dollars. The
= 333 ¢ minimum payment due is given by
E 296 ¢ x if 0<x<10
< 2591 1< 10 if 10<x <500
S 22210¢ £(x)=130 if 500 < x<1000
1855 .
> 50 if 1000 < x <1500
MT 911315 X ! x<
Days 70 if x>1500

59. a. Let s = the credit score of an individual who
wishes to borrow $300,000 with an 80% LTV
ratio. The adverse market delivery charge is
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61.

62.

63.

Section 2.4: Library of Functions; Piecewise-defined Functions

- Yi
)
E 100
S E 80 e
g= 60 o
£ 40 5
= 20 o
g ALT >
20 500 1500 x
Bill (dollars)
a. W=10°C
b W:33_(10.45+10J§—5)(33—10) aoC
22.04
o o33 (1045+10V15-1533-10) ..
22.04

d. W=33-1.5958(33-10) = —-4°C

e. When 0<v<1.79, the wind speed is so
small that there is no effect on the
temperature.

f. When the wind speed exceeds 20, the wind
chill depends only on the air temperature.

a. W=-10°C
10.45+105-5)(33—-(-10
b oz (10454105 -5)(33-(-10)
22.04
~-21°C
10.45+104/15-15)(33—(-10
C. W=33—( ! J— )( ( ))
22.04
~ —-34°C

d. W =33-15958(33-(-10))~-36°C

Let x = the sales made and S (x) = the total
salary.
For 0<x<250,000: S(x)=2$45,000+0.04x
For 250,000 < x < 500,000:

S (x) = 55,000+ 0.06(x—250,000)
For x> 500,000 :
S (x) = 70,000+ 0.09(x — 500,000)

135

45,000+ 0.04x if 0<x<250,000

S(x) =1455,000+0.06(x—250,000) if 250,000 < x <35000,000

70,000+0.09(x—500,000) if x> 500,000

. Use intervals (0,8),[8,16),[16,32),[32,38)

(exclude 0 and 38 since those would be the
walls). Depth for the intervals

[8,16) and [32,38) are constant (8 ft and 3 ft
respectively). The other two are linear functions.
On (0,8) the endpoint coordinates can be

thought or as (0,3) and (8,8) .
y= gx +3

On [16, 32) the endpoint coordinates can be
thought of as (16,8) and (32,3).

3-8 5
m= =——
32-16 16

5
§=——(16)+D
16( )

13=b
5
=——x+13
"6
Therefore,
§x+3 ifO<x<8
8 if8<x<16
d(x)=

—ix+13 if16<x<32
16

3 if 32<x<38

. The function f changes definition at 2 and the

function g changes definition at 0. Combining
these together, the sum function will change
definitions at 0 and 2.

On the interval (—o0,0]:

(f+9X)=f(x)+g(x)=2x+3)+(-4x+1).
=-2x+4

On the interval (0,2):

(f+g)®=f)+gx)=Qx+3)+(x=7).
=3x—-4
On the interval [2,00):
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66.

67.

68.

(f +8)(X) = f(x)+g(x) = (x* +5x) +(x=T)
=x2+6x—7
—2x+4 if x<0
So, (f+g)(x)=43x—4 if 0<x<2
X +6x-7 if x>2

Each graph is that of y = x*, but shifted
vertically.

— —
AN __,,!;;n .*I
1 I'L__- L~ 4
N
l"'-, .
L
)
If y= X2 +k, k>0, the shift is up k units; if

y= X2 —k, k >0, the shift is down k units. The
graph of y = x> —4 is the same as the graph of
y = x*, but shifted down 4 units. The graph of
y=x>+5 is the graph of y = x?, but shifted up
5 units.

Each graph is that of y = x*, but shifted

horizontally.
6

TV T

| |

1 o0
\ | 'J .
-5 . -":':'x Y ':.{' il 8
t %
-2
If y=(x—k)?, k>0, the shift is to the right k

units; if y= (x+k)2, k >0, the shift is to the

left k units. The graph of y = (x+4)* is the
same as the graph of y = x*, but shifted to the
left 4 units. The graph of y=(x—>5)* is the
graphof y= x?, but shifted to the right 5 units.

Each graph is that of y=| x|, but either

compressed or stretched vertically.

69.

70.

If y= k| x| and k > 1, the graph is stretched

vertically; if y=k|x| and 0<k <1, the graph is
1

compressed vertically. The graph of y = Z| x| is

the same as the graph of y =| x|, but compressed
vertically. The graph of y = 5| x| is the same as

the graph of y :| X | , but stretched vertically.

The graph of y=—x? is the reflection of the

graphof y= x> about the x-axis.

6
L1 IIII II
: 5 rll.-'f) =x?
N
5 el oy 5
\l
) X
y=- x..n" l'l,ll. .
III. II
-6

The graph of y = —| x| is the reflection of the
graph of y :| x| about the x-axis.

6
M- _ —
- =lx| =
e, y=hal
.H"\-._ ) o
- [~
5 e 5
y= -|).‘ __.:-"' "‘-\._
-~ -
._,.:-"- —y
-6

Multiplying a function by —1 causes the graph to
be a reflection about the x-axis of the original
function's graph.

The graph of y =+/—x is the reflection about the
y-axis of the graph of y = \/; .
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71.

72.

73.

Section 2.4: Library of Functions; Piecewise-defined Functions

-1
The same type of reflection occurs when
graphing y=2x+landy=2(—x)+1.

.
u ! -
\"'\_ _J"r.}.) =2x+1
y =21 [
g

AT,

The graph of y = f(—x) is the reflection about
the y-axis of the graph of y = f(x).

The graph of y = (x—1)°> +2 is a shifting of the
graphof y= x> one unit to the right and two
units up. Yes, the result could be predicted.

8 y=(r-17+2
]
!
77
g f.--""
2 — .'l-‘ -— . 8
o
‘_.-f _|'| *
-3

The graphs of y =x", n a positive even integer,
are all U-shaped and open upward. All go
through the points (—1,1), (0,0),and (1,1). As
n increases, the graph of the function is
narrower for | x|>1 and flatter for | x| <1.

i T
AN
I
HIE' Jl.:f y = x
22 kd b

The graphs of y =x", n a positive odd integer,

all have the same general shape. All go through
the points (—1,—1), (0,0),and (1,1). As n

74.

75.

76.

77.

increases, the graph of the function increases at a
greater rate for | x|>1 and is flatter around 0O for

| X | <1.
« ;
yoe =y
-1 e \ 1
" l'l- 1]
- y=x
x

f(x)=

Yes, it is a function.

1 if xisrational
0 if x is irrational

Domain = {x| x is any real number} or (—oo,oo)
Range = {0, 1} or {y|y=0ory=1}
y-intercept: x =0= x isrational = y =1

So the y-interceptis y=1.

x-intercept: y =0=> x is irrational

So the graph has infinitely many x-intercepts,
namely, there is an x-intercept at each irrational
value of x.

f(=x)=1= f(x) when x is rational;
f(=x)=0= f(x) when x is irrational.

Thus, fis even.

The graph of f consists of 2 infinite clusters of

distinct points, extending horizontally in both
directions. One cluster is located 1 unit above the
x-axis, and the other is located along the x-axis.

Answers will vary.

6
-10 _ X

(x—3y5 )—2 — xﬁy ylo

X +y =6y+16
x2+y2—6y:16
X +(y*—6y+9)=16+9
XX+ (y-3)7 =5

Center (h, k): (0, 3); Radius =5
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78.

79.

80.

81.

82.

83.

84.

4x-5Q2x-1)=4-T7(x+1)
dx-10x+5=4-Tx-17
—6x+5=-7x-3
x=-8
The solution set is: {—8}

Let x represent the amount of money invested

in a mutual fund. Then 60,000 —x represents the

amount of money invested in CD's. Since the
total interest is to be $3700, we have:
0.08x+0.03(60,000 — x) = 3700

(100)(0.08x +0.03(60,000 — x)) = (3700)(100)
8+ 3(60,000 — x) = 370,000
8x+180,000 —3x = 370,000
5x+180,000 = 370,000
5x=190,000
x =38,000
$38,000 should be invested in a mutual fund at

8% and $22,000 should be invested in CD's at
3%.

-2)1 3 0 -6
-2-2 4
1 1 6 -2
Quotient: x*+x—2
Remainder: -2
%+ 2i
—2x’
2)\? %\? 4 7
(5) +(250*) =+25¢" +6250
= 251" (1+250°)
=521+25¢°
The radicand cannot be negative so:

x+720
x=-7
The domain is {x|x>-7}.

85.

1.

10.
11.
12.
13.

14.

3y —2x2y? +18x—12y =
(3x3y—2x2y2)+(18x—12y):
xzy(3x—2y)+6(3x—2y) =
(3x—2y)(x2y+6)

Section 2.5

vertically; up
vertically; down
(2,6)

(3’ _5)

po T

horizontally; right
horizontally; left
(6,4)

(-1,2)

g oD

a; vertically; stretched
a; vertically; compressed
(2,12)

G4

g oFy

1 . .
a. —; horizontal; compression
a

b. l ; horizontal; stretch
a

c. 4,5
12,2)

horizontal; right

y

False

True; the graph of y=—f (x) is the reflection
about the x-axis of the graph of y= f (x) .

d

=n

O = = W
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15.
16.
17.
18.
19.
20.
21.
22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

I 36.
A
L
C 37.
F
]
G
K 38.
y=(x-4>
y=(x+4)’
y=x"+4
y=x"—4
39.
y=(2) ==
y==x’
y=5x°
40.
(b5
YT 1Y) Twa
y:(ZJc)3=8x3
1
y21x3 41.
M) y=x+2
@ y=-(Vx+2)
@ y=—(V=x+2)=—Jx-2
M y=—x
@ y=—Jx-3
B) y=—+x-3-2
M y=3x
(2) y=3Jx+4

(3) y=3Jx+5+4

Section 2.5: Graphing Techniques: Transformations

139

M) y=x+2
(2) y=+-x+2
(B) y=-(x+3)+2=+—x-3+2

(c); To go from y = f(x) to y=—f(x) we
reflect about the x-axis. This means we change
the sign of the y-coordinate for each point on the
graph of y = f(x). Thus, the point (3, 6) would

become (3, —6) .

(d); To go from y = f(x) to y=f(—x), we
reflect each point on the graph of y = f (x)

about the y-axis. This means we change the sign
of the x-coordinate for each point on the graph of

y = f(x). Thus, the point (3,6) would become
(-3.6).

(c); To go from y=f(x) to y=2f(x),we
stretch vertically by a factor of 2. Multiply the
y-coordinate of each point on the graph of

y = f(x) by 2. Thus, the point (1,3) would
become (1,6).

(c); To go from y = f(x) to y= f(2x) , we
compress horizontally by a factor of 2. Divide
the x-coordinate of each point on the graph of

y = f(x) by 2. Thus, the point (4,2) would
become (2,2).

f)=x*-1
Using the graph of y = x?, vertically shift
downward 1 unit.

yi

o)

.
=]
~—

(-LON/d
mE

- (@,
[ ]
[

e’

N
-1
N
11

The domain is (—00,00) and the range is

[—1,00).
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42,

43.

44.

f)=x"+4

Using the graph of y = x?, vertically shift

upward 4 units.
Yi

>
-

5 X

The domain is (—oo,oo) and the range is [4,00).

g(x)=~f3x

Using the graph of y = \/; , horizontally
compress by a factor of 3.

Ly
(11 TT 11
- lll \1\‘-_ (3, S)i
::(3’ .
(09 0)-_5— x

The domain is [0,00) and the range is [0,00) .

g(x) =i/;

Using the graph of y = Ix, horizontally stretch
by a factor of V2.
The domain is (—O0,00) and the range is

(o).

bL
ik A1 7

C(=2,-1)
HEEE
[TTT1

45. h(x)=+/x+2

Using the graph of y = \/; , horizontally shift to
the left 2 units.

46.

Yi
[T 1]
!5__('2', 2)
(=1L, D] L
Vad iREEEI
:(_29 0) Siid

The domain is [—2, oo) and the range is [O,oo) .

h(x)=+x+1

Using the graph of y = \/; , horizontally shift to
the left 1 unit.

T 1T

3.2)
1)
/'|||||JC
0)

The domain is [—l,oo) and the range is [0,00) .

== +2
Using the graph of y = x>, horizontally shift to

the right 1 unit [ y= (x—l)s] , then vertically

shift up 2 units |:y = ()c—l)3 + 2} .

The domain is (—00, 00) and the range is

)
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48. f(x)=(x+2)°-3 A
5 —
Using the graph of y = x’, horizontally shift to -

the left 2 units [y = (x+ 2)3} , then vertically :(1, %) “. 1)

I I T I 111

-5 0,0 5
shift down 3 units [ y=(x+2) —3} : ©.0
y N
44 -

B The domain is [0,00) and the range is [0,00) .
Y |
=S o afF 5 51. f(x)=—3x
(-2,-3) B Using the graph of y =-3/x , reflect the graph
(=3, —4) ‘ about the x-axis.
6 YA
10
The domain is (—00, 00) and the range is B
(—o00). S
L1 1 [ I 3
-10 e 0]
49. g(x)=4x [(1,-1) g T3
Using the graph of y = \/; , vertically stretch by B
a factor of 4. -10~
Y The domain is (—00, 00) and the range is
o .9

(00).

52. f(x)=—+/x
Using the graph of y = Jx , reflect the graph

(1,4)

about the x-axis.

T S Y Y A )

-2 | L©.0 8 YA

5_

The domain is [0,00) and the range is [0,00). B

1\/’ |||(|0’|0:|||||x

50. g(x)zE X -5 Nl -1 5
Using the graph of y = Jx . vertically compress B 4, -2)

| L

by a factor of 3’ -5+

The domain is [0,00) and the range is (—00,0] .

53. f(x)=2(x+1)*-3
Using the graph of y = x? , horizontally shift to

141
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54.

55.

the left 1 unit [ y= (x + 1)2} , vertically stretch

by a factor of 2 [y = 2(x+1)2} , and then

vertically shift downward 3 units

|:y=2(x+1)2 —3].

y
(3,5 5F¢(1.5)

[ LI I I

-5 _ 5
2.-1) _(0, 1)
(-1,-3) B

=S

The domain is (—00,00) and the range is

[—3, 00) .

F(0)=3(x-2)"+1

Using the graph of y = x, horizontally shift to
the right 2 units [ y= (x - 2)2} , vertically
stretch by a factor of 3 [y = 3(x - 2)2} , and then

vertically shift upward 1 unit

[y:3(x—2)2 +1]

YA
5_
L4 3.4
- Ve
T T T T Y
! L 5
5k

The domain is (—00,00) and the range is [1,00).

gx)=24Jx-2+1

Using the graph of y = \/; , horizontally shift to
the right 2 units [ y=A/x— 2} , vertically stretch

by a factor of 2 [ y=2Jx— 2] , and vertically

56.

57.

shift upward 1 unit [y =2\Jx—-2+ l} .
y
8

AN I T T T T Y T
3

72_

The domain is [2,00) and the range is [l,oo) .
gx)= 3| x+1|—3

Using the graph of y :| X | , horizontally shift to
the left 1 unit [ y= |x+ 1” , vertically stretch by a
factor of 3 [ y= 3|x + 1H , and vertically shift

downward 3 units [y = 3|x + 1| - 3} .

The domain is (—00,00) and the range is
[—3,00) .
h(x) =[-x -2

Using the graph of y = Jx , reflect the graph
about the y-axis [ y= \/—x] and vertically shift

downward 2 units [y =-x- 2} .
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58.

59.

U
T 11T

(_4’0)
.- S (S I N Y .

SRR ’

(Oa _2)

T T TT

=5

The domain is (—oo,O] and the range is [—2,00).

h(x):f+2:4(lj+2
X X

1 .
Stretch the graph of y =— vertically by a factor
X

1 4 . .
of 4 [ y=4.—= —} and vertically shift upward 2
X X

units [y=i+2]
X
y
SR
(2, )(4’3)
m. I
S(2.0\ |
-1.-2% -
-

The domain is (—oo,O) o (0,00) and the range is
(—0.2)U(2,).

[ ==+’ -1
Using the graph of y = x°, horizontally shift to

the left 1 unit [ y= (x + 1)3} , reflect the graph
about the x-axis [ y= —(x + 1)3:| , and vertically

shift downward 1 unit [y = —(x + 1)3 —1} .

Section 2.5: Graphing Techniques: Transformations

The domain is (—00,00) and the range is

)

60. f(x)=—4vx-1
Using the graph of y = \/; , horizontally shift to

the right 1 unit [y = \/ﬁ } , reflect the graph
about the x-axis [ y= —\/): J , and stretch
vertically by a factor of 4 [ y= —4\/E J .

YA

e

9

The domain is [1,00) and the range is (—O0,0] .

61. g(x)=2|1-x|=2|—(-1+x)[=2]|x—1]
Using the graph of y :| X | , horizontally shift to
the right 1 unit [y = |x—1|] , and vertically

stretch by a factor or 2 [y = 2|x—1|] .
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62.

63.

0,2)
L1l

-5

=5

The domain is (—oo,oo) and the range is [O,oo) .

g(x) =42 x =4/~(x-2)
Using the graph of y = Jx , reflect the graph

about the y-axis [y = \/—x} , horizontally shift

to the right 2 units [y = —(x— 2)} , and

vertically stretch by a factor of 4

o]

Y
8
(_%

L

i, )

The domain is (—00,2] and the range is [0,00) .

1
h(x) = o

1
Using the graph of y = —, vertically compress
X

1
by a factor of 5
YA
St

D | =

wY

64.

65.

The domain is (—oo, 0) U(O,oo) and the range is

(-o0,0) L (0,50).

fx)=3x-1+3

Using the graph of f(x)= Ix, horizontally shift
to the right 1 unit [ y=3x— IJ , then vertically

shift up 3 units [ y=3r—1+ 3] .

Y
= |
(-7, 1)_;.( |(9’ S
<o 1(0,2) |
o 0%

The domain is (—00, OO) and the range is

(o0).

a. Fx)=f(x)+3
Shift up 3 units.

YA
7_
0,5 (2.5
C o N@s)
4, 1) -
[ I I B B R
= B 5
5l
b. G(x)=f(x+2)
Shift left 2 units.
y
5_
(-2,2) (0.2)
L A 1 x(zl’())kx
3

(-6.-2)
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P(x)=—f(x) g h(x)=f(2x)
Reflect about the x-axis. . 1
YA Compress horizontally by a factor of 5
5: YA
(_49 2) B :
LN |(410)| X 0,2)] (1,2)
3 B 5 /_ \
L1l ] [
0, -2 2,2 =5 L @20 5
-5 (_Za _2) :
5+

Hx)=f(x+1)-2
Shift left 1 unit and shift down 2 units.

YA
3_
-1,0) — (1,0
L1 |’1) 1(|’|)| [
-5 L 5
B (3,-2)

5,4 [
( )_5_

0(x) = %f(x)

Compress ve

1
rtically by a factor of 5

YA
5_
o.n- @2n
L1 L1 [
S+~ L @os
—4,-1) L
sk
gx)=f(-x)
Reflect about the y-axis.
YA
5_
(-2,2) 17(0,2)
A BN
-5 (-4, 0) L 5
T @
S

145

66.

F(x)=f(x)+3
Shift up 3 units.
YA

G(x)=f(x+2)

Shift left 2 units.
¥
5
0,2)

[ | | [
-7 3
(-6,-2) (-4,-2) -(2,-2)

-5
P(x)=—f(x)
Reflect about the x-axis.
YA
5_
(-4,2) (-2,2)[ (4,2)

Lrr e Nrr g
-5 ™ 5

C (2.-2)
51
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d HMW)=fx+D)-2 67. a. F(x)=f(x)+3
Shift left 1 unit and shift down 2 units. Shift up 3 units.
y YA
5k 8
B L (2.4)
—(1,0) x - —
I DS I _ “22) LN
_5 5 ( m, 3) .(\-*)/_ (Tl:, 3)
,_/ B ! ! - [
N -tz . = o=x
(-5, 43,4 -5 G o
1 =
e 0W==f( b. Gn=r(x+2)
2 Shift left 2 units.
5
Compress vertically by a factor of 1 . '_‘_
y (3-21)]
5 )
- (-7 —2,0), (_Z.IU)/.\(“ 2 2, ”I) .
B =27\ —m T 2w
R
I INL L L X ™ B
5 NS (—j -2,-1
(=4, -1) (-2,-D|- 4, -1 -2
S c. Px)=—f()
Reflect about the x-axis.
£ g(®=f(v) "
Reflect about the y-axis. 2
i 51)
5_ —
-2,2) | | i
- -T  _E I (l
Ly N LN
-5 I 5
/T (5-1)
-4,-2) F(2,-2)(4.-2) -2
=N d. H®)=f(x+1)-2
g h(x)=f(2x) Shift left 1 unit and\.shift down 2 units.
1 1
Compress horizontally by a factor of 3 L
YA
5 —
C (1.2
[ W O
— B \ 5
(-2,-2) - (2,-2)
-1, -2
5+

146
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o) = %f(X)

Compress vertically by a factor of % .

—
[S1E]

(S
—

i
2
¢ | 1 X
-m\ _x xoom
\ZA_ -
54
2
8(x) = f(=x)
Reflect about the y-axis.
YA
2 —
(-31)
I I Ju—
- _X T T
2 2
(3--1)
) -
h(x) = f(2x)
1
Compress horizontally by a factor of 5
YA
2r i
(3-1)
1 I [
-T _E A 4
2 2
i
)
2k

ca. F()=f(x)+3

Shift up 3 units.

v

Section 2.5: Graphing Techniques: Transformations

h
S
L (0,4)
(—, 2) Nz)
1 1 B | |
- L o ™
2 5l 2
b. Gx)=f(x+2)
Shift left 2 units.
YA
2_
(—2.1)
l 1 L X
2w

RS

(—m—2,-1) |(m—-2,

9

¢ Px)=—f(x)
Reflect about the x-axis.
y

2_
(—m, 1)

N\
Y

,2_

d H®=f(x+)-2

Shift left 1 unit a

VA

=

nd shift down 2 units.
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1 1 unit.
e. Q(X)—Ef(x) i
5_
Compress vertically by a factor of % B
y -
2r [ A T e
1 —5(2,0NSL(0.0) 5
_(U'E) (-1,-1 -
L INC g -
(=) (=)
b 70. f(x)=x"—6x
F(x)=(x*-6x+9)—9
f. g=rf(x fx)=(x-3)%-9

Reflect about the y-axis.
eiectabod ? 3) axts Using f(x)=x", shift right 3 units and shift

2 down 9 units.

(0.1) ’,’i‘
/\ I S |f| s
I | X -3 (0,0) (6,0)

(—m, —1) (m —1)

g h(x)=f(2x) -9 (3.-9)

Compress horizontally by a factor of 1,
N 2 71. f(x)=x>—8x+1

0.1 F)=(x? ~8x+16)+1-16
- f)=(x-4)-15
3 Using f(x)=x", shift right 4 units and shift

down 15 units.
YA

(0,1)\ ﬁ&l)
| I I | L X
9

69. f(x)=x"+2x
Fx) =2 +2x+1)—-1
f)=@x+)*-1
Using f(x) = X2 , shift left 1 unit and shift down —15+

(4,-15)
72. f(x)=x"+4x+2
F)=(x +4x+4)+2-4
f0)=(x+2)* -2
148
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Using f(x)=x?, shift left 2 units and shift
down 2 units.
y

5 Z
(4.2 0.2)

v i
5

(-2,-2)

=S

73. f(x)=2x"-12x+19
=2(x* ~6x)+19
=2(x —6x+9)+19-18
=2(x-3)" +1
Using f (x)=x", shift right 3 units, vertically

stretch by a factor of 2, and then shift up 1 unit.

@3

Ln

— (4.3)
(3.1)
|

| &

|
h
N

74, f(x)=3x"+6x+1
=3(x2 +2x)+1
=3(x" +2x+1)+1-3
=3(x+1)* -2

Using f (x) = x?, shift left 1 unit, vertically

stretch by a factor of 3, and shift down 2 units.
Y

149

Section 2.5: Graphing Techniques: Transformations

75. f(x)=-3x"-12x-17
=-3(x” +4x)-17
=-3(x7 +4x+4)-17+12
=3(x+2)* -5

Using f(x)= x2, shift left 2 units, stretch

vertically by a factor of 3, reflect about the x-

axis, and shift down 5 units.
Y

(=3.-8) ~

(—1.-8)

76. f(x)=-2x"-12x-13
=-2(x* +6x)-13
=-2(x” +6x+9)-13+18
=-2(x+3)* +5

Using f (x) = x* , shift left 3 units, stretch

vertically by a factor of 2, reflect about the x-
axis, and shift up 5 units.

(—=3.5)

T B 3
L
5

The graph of y = f(x+ 2) is the same as
the graph of y = f (x) , but shifted 2 units to

the left. Therefore, the x-intercepts are —7
and 1.

b. The graphof y= f(x—2) is the same as
the graph of y = f (x) , but shifted 2 units to
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78.

79.

the right. Therefore, the x-intercepts are —3
and 5.
The graph of y =4/ (x) is the same as the

graph of y = f(x), but stretched vertically
by a factor of 4. Therefore, the x-intercepts
are still —5 and 3 since the y-coordinate of
each is 0.

The graph of y = f(—x) is the same as the

graph of y = f(x), but reflected about the
y-axis. Therefore, the x-intercepts are 5 and

-3.
The graph of y= f(x+4) is the same as

the graph of y=f (x) , but shifted 4 units to

the left. Therefore, the x-intercepts are —12
and 3.

The graph of y= f(x—3) is the same as
the graph of y=f (x) , but shifted 3 units to

the right. Therefore, the x-intercepts are —5
and 4.

The graph of y=2f (x) is the same as the

graph of y = f(x), but stretched vertically

by a factor of 2. Therefore, the x-intercepts
are still —8 and 1 since the y-coordinate of
each is 0.

The graph of y = f(—x) is the same as the
graph of y = f(x), but reflected about the

y-axis. Therefore, the x-intercepts are 8 and
-1.

The graph of y = f(x+2) is the same as
the graph of y = f(x), but shifted 2 units to
the left. Therefore, the graph of f(x+2) is

increasing on the interval [—3, 3] .

The graph of y = f(x—S) is the same as
the graph of y = f(x), but shifted 5 units to
the right. Therefore, the graph of f (x—5)

is increasing on the interval [4,10].

The graph of y=—f (x) is the same as the
graphof y=f (x) , but reflected about the

80.

81.

x-axis. Therefore, we can say that the graph
of y=—f(x) must be decreasing on the

interval [—1, 5] .

The graph of y = f(—x) is the same as the
graph of y = f(x), but reflected about the

y-axis. Therefore, we can say that the graph
of y= f(—x) must be decreasing on the

interval [—5, 1] .

The graph of y = f(x+2) is the same as
the graph of y = f (x) , but shifted 2 units to
the left. Therefore, the graph of f (x+ 2) is

decreasing on the interval [—4,5] .

The graph of y = f(x—5) is the same as
the graph of y = f(x), but shifted 5 units to
the right. Therefore, the graph of f (x—5)

is decreasing on the interval [3,12] .

The graph of y=—f(x) is the same as the

graph of y = f(x), but reflected about the
x-axis. Therefore, we can say that the graph
of y=—f (x) must be increasing on the

interval [—2, 7] .

The graph of y = f(—x) is the same as the

graph of y = f(x), but reflected about the
y-axis. Therefore, we can say that the graph
of y= f(—x) mustbe increasing on the

interval [-7,2].
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