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Section 1.1

1.

2.

10.

11.

12.

13.
14.
15.

Chapter 1
Graphs

() Quadrant IV

YA
0 6 D=(6.5
- )
[5-(=3) =8l =8 a=3nF
* L B=(0
V3442 =25=5 A
-6 - 6
117 +60° =121+3600 = 3721 = 61° C:(_;L_%)'3 .- ®
Since the sum of the squares of two of the sides 0.5 F = (6, -3)
of the triangle equals the square of the third side, ~
the triangle is a right triangle. —6r~

1 bh 16. (a) Quadrant I
2 (b) Quadrant III
(¢) Quadrant IT
true (d) Quadrant I
x-coordinate or abscissa; y-coordinate or (@) y “axis
. (f) x-axis
ordinate
YA
quadrants C=(3.49 5[ A-q1. 4
[ ] —
midpoint - E=(0,1)
_ [ P D=(4,1]
. L F=(=3,0) ¢ . i
False; the distance between two points is never L1 g LI T 1111
negative. -5 L 5
False; points that lie in Quadrant IV will have a B=(-3,-4) N
positive x-coordinate and a negative y-coordinate. . i
The point (—1, 4) lies in Quadrant II. -
17. The points will be on a vertical line that is two
Nt nty ) . )
True; M = T units to the right of the y-axis.
YA
b I YO
a B (2,1)
(2,0)
(a) Quadrant IT I 1 L1 &
(b) x-axis - - te-v
(¢) Quadrant III -
(d) Quadrant I - #(2,-3)
(e) y-axis 5 B

1
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Chapter 1: Graphs

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

The points will be on a horizontal line that is
three units above the x-axis.
YA
5 —
(-43) -2,3) (1.3} (53)
~—— OO
(0,3)

I N Y O Y

-5

d(P,Py) =~/(2-0)* +(1-0)
=22 +12 =a+1=45

d(B,Py) =/(-2-0)> +(1-0)
=22 +12 =J4+1=+5

d(B.Py) =(-2-1)* +(2—1)?

={J(=3)>+1> =9 +1=410

d(B.P)= \/(2—(—1))2 +(2-1)?

=32 +12 =9+1=110

d(P.P,) = \/(5—3)2 +(4-(-4))
=22 +(8)" =4+ 64 =68 =217

a8, )= (2=(-1)) +(4-0)
=J(3) +4* =Jo+16 =25 =5

d(R.P) = (4=(=D)) +©0-3)

=112 +(=3)? =121+9 =130

d(P,P) = \/(4—2)2 +(2-(3))

=N224+5% =J4+25 =429

d(P.P)= \/(6—5)2 +(1-(-2))

=12 +32 =149 =410

2

28.

29.

30.

31.

32.

33.

d(B.B) =(6-(-4) +(2-(-3))’
=v10%+5% =4/100+25
=125 =55

d(B,P)= \/(2.3— (-0.2))" +(1.1-(0.3))’
=v2.52+0.8% =/6.25+0.64
=/6.89 ~2.62

d(R, B =(-0.3-12) +(1.1-23)?
=J(=1.5)2 +(-1.2)> =/2.25+1.44
=/3.69 ~1.92

d(P,P)=+(0—-a)*+(0-b)*

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

=\(-a)* +(-a)’

N +a® =\ =|a[\2
A=(-2,5), B=(1,3), C=(-1,0)
d(A,B) = \/(1— (-2))* +(3-5)

=3 +(=2)% =\o+4 =413
d(B,C) =[(-1-1)* +(0-3)’
=2 +(=3)? =4+9 =413
d(A,C) = \/(—1—(—2))2 +(0-5)?
=P +(=5 =1+25 =26
YA
A=(=2,5) q 5

?B:(Ls)

C1=|(_1|’(|)) X

—
’ o

=5
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Section 1.1: The Distance and Midpoint Formulas

Verifying that A ABC is a right triangle by the [d(A B)]2 +[d(B C)]2 _ [d(A C)]2
Pythagorean Theorem: ’ , ’ , ’
[d(A,B)] +[dB,O)] =[d(A,C)] (10v2) +(10v2)" = (20)’
2 2 2 -
(\/ﬁ) +(\/ﬁ) :(\/%) 200+ 200 =400
400 =400
13+13=26 1
26 =26 The area of a triangle is A = Ebh . In this

problem,

The area of a triangle is A = %-bh . In this |
A= 5~[d(A,B)]-[d(B,C)]

problem,

A=Laa.B)] [as.0)] = 21032 1042
=%.\/B-\/1—:%~13 :%~100~2:100 square units
= % square units

35. A=(-53), B=(6,0), C=(5,5)
34. A=(-2,5), B=(12,3), C=(10,-11) d(A,B):\/(6—(—5))2+(0—3)2
d(A,B) :\/(12—(—2))2 +(3-5)? =12 +(3)? =121+9
=196+4 =~/200 d(B,C) =/(5-6)" +(5-0)°
=10v2 =J(=D?+5* =1+25

d(B,C):\/(10—12)2+(—11—3)2 -

=J(2) +(~14)? d(A,C) = \/(5—(—5))2 +(5-3)

8]

=/4+196 =200 =+10%+2% =100+ 4
=1072 =104
d(A,C) =\/(10—(—2))2 +(=11-5)? =226
_ 2 2 YA
=122 +(~16) L -G 5)
= /144 + 256 = /400
=20
"} - - B=(.0)
A=(=2,5) %Z B=(12,3) B
—6 B 14 -6~
B Verifying that A ABC is a right triangle by the
B Pythagorean Theorem:
- C=(10,-11
—14 (0.1

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

3
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Chapter 1: Graphs

[d(A,O)] +[d(B,O)] =[d(A.B)]
(5« ] (i
104 +26 =130
130=130

The area of a triangle is A = %bh . In this
problem,
1
A=3-[d(A.0))[d(B.C)]
= %-\/104 26
- % 226 /26
1
=—-2.26
2
=26 square units
36. A=(-6,3), B=(3,-5), C=(-1,5)
d(A,B) = \/(3 —(=6))" +(-5-3)

= /9 +(-8)? =/81+64

- J145
d(B,C)=(-1-3) +(5-(=5)"

= J(=4)? +10% =16 +100
=116 =229

2

d(A,C) = \/(—1—(— 6)) +(5-3)
=57 +2% =/25+4
=29

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:

37.

[d(A,OF +[d(B,0)] =[d(A,B)]
(5 +(25) = ()
29+4-29 =145

29+116=145
145 =145

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

problem,

1
A=2:[d@4,0)][dB,0)]
= 12922
1
_5.2.29
= 29 square units
A= (47 _3)’ B= (0’ _3)7 C= (47 2)

d(A,B) = \/(0—4)2 +(-3-(-3))

= (=4 +0* =416+0

é‘

Il
< &

(4—0)2 +

=4? +5% =16+25

d(B,C)

—_~
\S}
|
|
5]
~
~—
N~

"

d(A,C)

Il
=2 __
~
N
|
N
N
(5]
+
—~
NS}
|
T
w
p—
S
i8]

[
[}
ﬁ‘ =)
W [35]
+
[}
(38
I
S
+
[\*}
[V}

h e
i

A=, 3)

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

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

38.

[d(A,B)] +[d(A,OT =[dB,0)]
4245 =(Va1 )2
16+25=41

41=41

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

problem,

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

1
=—.4.5
2

=10 square units

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

=0 +47

L =2 1)
-\ B=@1

I Y T Y . W A
-5 5

A

- A=(4,-3)

Section 1.1: The Distance and Midpoint Formulas

[d(A,B)] +[d(B,O)] =[d(A,O)]
42422 = (2\5 )2
16+4=20
20=20

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

A :%-[d(A, B)]-[d(B,0)]

21.4.2
2

= 4 square units

39. The coordinates of the midpoint are:

(x y):(m M)

2 2
(345 —4+4
L2 2
_(80
272
=(4,0)

40. The coordinates of the midpoint are:

(x y)z(xl+x2 y1+)’2j

2 2
_(—2+2 0+4
L2 72
_(0 4
272
=(0.2)

41. The coordinates of the midpoint are:

[t ity
(x,y) (—2 T )

-1+8 4+0)

Il
TN TN N

NN

T2

(ST
N——

S
Ne—

Verifying that A ABC is a right triangle by the
Pythagorean Theorem:
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Chapter 1: Graphs

42. The coordinates of the midpoint are:

2 2

(2+4 -3+2
L2 2
_(6 -1
272

1
[-3)

(x y):(xﬁ'xz yﬁ‘)’zj

43. The coordinates of the midpoint are:

2 72
_ 7+9 -5+1
27 2

_(l6 -4
2° 72

= (89 _2)

(x y):[xl“sz Y1+YZ)

44. The coordinates of the midpoint are:

[\t ot
(x’y)_[ 2 ) 2 )

(=442 -3+2
L2 7 2
(=2 -1
272

1
s

45. The coordinates of the midpoint are:

2 2
_ a+0 b+0
2 72

(33)

(x y)z[—"l”z —yl”zj

46. The coordinates of the midpoint are:

_ x1+x2 y1+y2
(x,y) [—2 T j

_(a+0 a+0
L2 2

{3

YRS

47.

48.

49.

The x coordinate would be 2+3 =5 and the y
coordinate would be 5—2 =3. Thus the new

point would be (5,3).

The new x coordinate would be —1—-2 =-3 and
the new y coordinate would be 6+4 =10. Thus

the new point would be (-3,10)

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

d :\/(xz _xl)z +( 22 _y1)2
= J3-2) +(-1-y)’
=\(5) +(-1-y)’

32 +2y+26

13=1y* +2y+26

2
13? =(\/y2+2y+26)

169 = y* +2y+26
0=y>+2y-143
O=(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).
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50.

51.

a. If we use a right 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=8. 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).
a=\(6 )" +(2 )
= (-2 +(2-(-6))
e

=vx?-2x+65
17 =vx* =2x+65

2
172 = (\/x2 x4 65)

289 = x> —2x+65

0=x*-2x—-224
0=(x+14)(x-16)
x+14=0 or x—-16=0
x=-14 x=16

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

Points on the x-axis have a y-coordinate of 0. Thus,

we consider points of the form (x,0) that are a

distance of 6 units from the point (4, —3) .

Section 1.1: The Distance and Midpoint Formulas

d=\x-u) +(n-n)
= (4= +(-3-0)
= J16—8x -+ +(-3)"
N T
Ny

6=+x>—-8x+25

2
6’ =(\/x2—8x+25)

36 = x> —8x+25
0=x*>-8x—11
. 5 V(=8)2 —4(D)(-1D)
2(1)
_8+64+44 8+4108
2 2

+
_8£63 =4+3/3

2
x=4+433 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).

52. 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).
d :\/(xz ‘x1)2 +(¥2 ‘yl)2

=\(4-0) +(-3-y)

1649463+

e
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Chapter 1: Graphs

6:Jy2+6y+25 x:x1+x2 and y:y1+Yz

2 2 2
62=(x/y2+6y+25) T3 40t
2 2
2
36=y +6y+25 2=-3+x, 8=6+1y,
0:y2+6y—11 1:X2 2:y2
_(=6)£(6)" —4()(-11) Thus, P, =(1,2).
) 21
_ —6+36+44  —6++/80 56. M:(x,y)z(xl*sz,Lzyz)
- 2 2
—6+45 Py =(x,,y,)=(7,-2) and (x,y) = (5,—4), 50
=— =35 X +x y, +y
2 = 12 2 and y= 12 2
y:—3+2\/§ or y:—3—2x/§
5 x1+7 4_}’1"'(—2)
Thus, the points (o,—3+2\6) and (0,—3—2\6) == 4=
are on the y-axis and a distance of 6 units from the 10=x+7 8=y +(2)
point (4,-3). 3=1x 6=y,

53. a. To shift 3 units left and 4 units down, we
subtract 3 from the x-coordinate and subtract

4 from the y-coordinate. 57. The midpoint of ABis: D = ( ;6 , %)
(2-3.5-4)=(-11) -(3.0)
" Gubtract 2 from the -coordinate and add 8 0 The midpointof AC: £=( 2%, €52
the y-coordinate. _ ( 2, 2
(2-2.5+8)=(0.13) 14 0ed
The midpoint of BCis: F = (T Tj
54. Let the coordinates of point B be (x, y) . Using B (5 2

the midpoint formula, we can write

(2,3):(_1” SJr—yJ d(C,D)=+/(0-4)" +(3-4)

=4+ (=) =V16+1=17

2 2

This leads to two equations we can solve.
2
—12+x=2 8+Ty:3 d(B,E)z\/(2—6) +(2-0)°
2,42
—l+x=4 8+y=6 =4/(=4)7"+27 =J16+4
x:5 y:—2 :m:Z\/g

Point B has coordinates (5,—2) . d(AF)= \/(2—0)2 +(5-0)*
=22 +5% =\/4+25
. M= (ny)=[ 252202, NG

A= (xhyl): (-3,6) and (x,y)=(-L4),so

8
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Section 1.1: The Distance and Midpoint Formulas

58. Let P =(0,0), P, =(0,4), P=(x,y) 60. d(Pl,P2)=\/(6—(—1))2+(2—4)2

d(B, P,)=4/(0-0)" +(4-0) T o

=16 =4
=+49+4

d(B, P)=(x=0) +(y-0)’ _ /5

N 2 _

=yx’+y’ =4 d(Py, P) = /(4—6) +(-5-2)

- x*+y*=16 > 5
; N =2 +(=7)

P, P)= -0 +(y—-
( 2 ) ()C ) (y ) :\/m
=yl +(y—-4)* =4 _J53
2 2
- x +(y-4) =16 ) 5
B,P)=4/(4-(-1 -5-4
Therefore, d(R, B) \/( ( )) +(=5-4)
¥ =(y-4)’ =52 +(-9)
2 =y*-8y+16 =/25+81
8y=16 106
y=2 Since [d(P,,P [ +[d. BT =[d(B.P)] .
w£11ch ;gwes the triangle is a right triangle.
* +22:16 Since d (R, P,)=d(P,, Py), the triangle is
=12 isosceles.
x=1423 Therefore, the triangle is an isosceles right

Two triangles are possible. The third vertex is triangle.

(—2\/3, 2) or (2#3, 2).

61. d(Pl,P):\/O—(—2)2+(7 1)’

59. d(P,P)=(=4-2)" +(1-1)’ —J22 187 = J41 64 =68
=6 +0” =217
-36 d(Py,P) =4/(3-0)" +(2-7)°
d(Pz,P3)=\/( 4-(=4)) +(=3-1)° _ 3
0% + (=4’ d(R.P) = (3-(-2)) +(2— (D)’
e N
B =34

_ A 2 2 2
d(F.P)=\(-4-2) +(-3-1) Since d(P,,P,)=d(P,,P,) , the triangle is

=/(=6) +(—4)? isosceles.

~36+16 Since [d(R.B)] +[d(PR,, P)]’ =[d(B.B)] .
=J52 the triangle is also a right triangle.

—2J13 Therefore, the triangle is an isosceles right

- triangle.

. 2 2 2
Since [d(R, B +[d (P, B)T =[d(R,P)]",
the triangle is a right triangle.

9
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Chapter 1: Graphs

62.

63.

d(P,,P,) = \/(—4—7)2 +(0-2)°

= (=112 +(=2)°
=J121+4 =125
=5V5

d(Py.Py) = (4= (=)’ +(6-0)

=87 +6% =64 +36

100
=10
2 2
d(R.P)=\(4-7) +(6-2)
=J(=3)*+4%* =9+16
=JE
=5

Since [d(B, P)] +[d(P,, )] =[d(B. )T,

the triangle is a right triangle.
Using the Pythagorean Theorem:
90> +90> =d*
8100+8100=d"
16200 = d*
= /16200 = 9032 ~ 127.28 feet

9 90

90 90

64. Using the Pythagorean Theorem:

60° +60° =d*
3600+ 3600 =d* — 7200 =d>

d =~/7200 = 6072 ~84.85 feet

60 60

10

65.

66.

First: (90, 0), Second: (90, 90),
Third: (0, 90)

Y|
(0,90) (90,90)

X

(0,0) (90,0)

Using the distance formula:
d= \/(310—90)2 +(15-90)*

=4/220% +(=75)% =/54025

=5v2161 = 232.43 feet

Using the distance formula:
d =+(300—0)* +(300—90)*

=+/300% +210% =+/134100

=30+/149 = 366.20 feet

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

Y10.60) (60.60)

X

(0,0) (60,0)

Using the distance formula:
d =+/(180—60) + (20 - 60)*

=/120% + (—40)? =+/16000

= 404/10 ~ 126.49 feet

Using the distance formula:
d =+/(220-0) + (220 60)

=+/220% +160% =+/74000

=20+/185 = 272.03 feet
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67. The Focus heading east moves a distance 60t
after ¢ hours. The Tesla heading south moves a
distance 40¢ after ¢ hours. Their distance apart
after ¢+ hours is:

d =+J(601) + (45t)>

70.

Section 1.1: The Distance and Midpoint Formulas

Let A =(2018,232.89) and
P, =(2022,513.98) . The midpoint is:

[\t nt»
(x’y)_( 2 2 j

_(2018+2022 232.89+513.98
= /360012 + 20257 = ) ’ )
= V5625t _ ( 4040 746.87)
=75t miles 2 2
60t = (2020, 373.44)
The estimate for 2020 is $373.44 billion. The
45t q estimate net sales of Amazon.com in 2020 is

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

d =4/100% +(221)’

=+/10000 + 484¢> feet

68. =22 ft/sec

22t

100 d

71.

$12.62 billion off from the reported value of
$386.44 billion.

For 2014 we have the ordered pair (2014,5645)

and for 2022 we have the ordered pair
(2022,7951) . The midpoint is

2014+2022 5645+7951
(year, $) =

i

2 2
_(4036 13596]

bl

2 7 2
=(2018,6798)

Using the midpoint, we estimate the average
credit card debt in 2018 to be $6,798. This is
underestimate of the actual value.

72. Let P, =(0,0), P, =(a,0), and
69. a. The shortest side is between A =(2.6,1.5)
and P, =(2.7,1.7) . The estimate for the P, = ﬂ, \/ga _Then
L . o 2 2
desired intersection point is:

272 272

_(5332
272

=(2.65,1.6)

[x1+x2 y1+y2j:(2.6+2.7 1.5+1.7j

b. Using the distance formula:
d =+(2.65-1.4) +(1.6-1.3)

=4(1.25)% +(0.3)*
=+/1.5625+0.09
=/1.6525

~1.285 units

11
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Chapter 1: Graphs

B 2 2 Since the lengths of the sides of the triangle
d (PI’P3) - \/(XZ - xl) + (y 27 1) formed by the midpoints are all equal, the
2 (f3 2 triangle is equilateral.
_ E_OJ J{ 3a _0] 73. Let B =(0,0), P,=(0,s), P, =(s,0), and
2 2
P, =(s,s) be the vertices of the square.
[ 2 2 2
a” 3a 4a > y
=, —F+—=,——=Na =la
4 4 4 \/7 | | 0
Since the lengths of the three sides are all equal, ©. 3
the triangle is an equilateral triangle.
The midpoints of the saids are
O+a 0+0 a
MP]PZ :( ) ’TJZ(E’OJ (s0)
(0,0) x
L9 o Ba 30 Ba T'he points A and 1.‘11 are endpoints of one
Mpp = = R diagonal and the points P, and P, are the
27 2 endpoints of the other diagonal.
O+s O+s s s
M = —y—|=| ——
B 2 2 | [a V3a
APy 2 ’ 2 _[Z’ 4 J MPP = w,ﬂ = ﬁ’i
2 2 2 22
Th The midpoints of the diagonals are the same.
en, Therefore, the diagonals of a square intersect at
their midpoints.
2 2
3a a J3a
dMp, My, )= || == + -0 i - ,
(Mpp My ) \/(4 2] [ " J 74. Let P =(a,2a). Then
(T J(@+5) +(2a-1) =\[(a—4)* +(2a+4)’
a 3a
= (ZJ J{ 4 J (a+5)" +(2a-1)" =(a-4)’ +(2a+4)’
— 5a* +6a+26=>5a" +8a+32
_ | 3a® _|d 6a+26=8a+32
1 6 2 a+26=8a+
> —2a=6
3a a) Va Ba a=-3
d(MppMpp )=\ | =5 )+ T
4 4 4 4 Then P =(-3,-6).
2
a 2
= (Ej +0 75. Arrange the parallelogram on the coordinate
plane so that the vertices are
_ ﬁzﬂ B, =(0,0),P, =(a,0),P, = (a+b,c) and P, = (b,c)
4 2 Then the lengths of the sides are:

%_gf{ﬁa_of d(P.P) = J(a—0) +(0-0)"
- -l

|
=\/(—%)2+[\Ea] d(Pz,Rz)=\/[(a+b)—a]2+(c—0)2
> 3 _|d i

12
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Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

d(g,a)=\/[b—(a+b)]2+(c—c)2
Vo =|d

and

2 2
a8, B) = (b=0) +(c-0)
=\b*+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(B.P,) =\/[(a+b)—0]2 +(c=0)

=\/a2 +2ab+b* +?

and

d(Py,P,) =|(b—a)* +(c—0)" .

:\/a2—2ab+b2+02

Sum of the squares of the sides:
a’>+(\Nb* +c*)? +a* + (Vb +c*)?
=24’ +2b” +2¢’

Sum of the squares of the diagonals:

2 2
(\/a2+2ab+b2+cz) +(\/a2—2ab+b2+cz)

=2a% +2b* +2¢*

76. Answers will vary.

Section 1.2

1 2(x+3)-1=-7

2(x+3)=—6
x+3=-3
x=-6

The solution set is {—6} .

2.

10.

11.

12.

14.

15.

X -9=0
=9
x=+J9 =43
The solution set is {-3,3} .

intercepts

y=0

True

False; the y-coordinate of a point at which the
graph crosses or touches the x-axis is always 0.
The x-coordinate of such a point is an
x-intercept.

False; a graph can be symmetric with respect to
both coordinate axes (in such cases it will also be
symmetric with respect to the origin).

For example: x>+ y* =1

d

c

y=xt-x

0=0'-0 1=1-V1 4=(2"'-2
0=0 1£0 4%16-2
The point (0, 0) is on the graph of the equation.
y:x3—2\/;

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

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

v =x2+9
3?=0249 0°=3’+9  0*=(-3)>+9
9=9 018 018

The point (0, 3) is on the graph of the equation.
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Chapter 1: Graphs

16. y’ =x+1 The intercepts are (6,0) and (0,-6).
22=1+1 P=0+1 0'=-1+1 YA
82 1=1 0=0 3

The points (0, 1) and (-1, 0) are on the graph of (6,0)

the equation. ==

=3
17. x> +y* =4
2 2
0> +22=4 (-2)>+2>=4 (ﬁ) +(J§) =4
4=4 8+4

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

equation.

18. x° +4y2 =4

0°+4-1" =4
4=4

22+4.0° =4
4=4

22 +4(1) =4

5#4

1
2

The points (0, 1) and (2, 0) are on the graph of

the equation.

19. y=x+2
x-intercept: y-intercept:
O=x+2 y=0+2
—2=x y=2
The intercepts are (—2,0) and (0,2).
Yp y=x-+2
S -
(0,2) L
(-2,0) /F _
TR 0T OO T T
_7 I8 q
=5l
20. y=x-6
x-intercept: y-intercept:
0=x-6 y=0-6
6=x y=-06

4=4 :ﬁ/ (0,—6)

21. y=2x+8
Xx-intercept: y-intercept:
0=2x+8 y:2(0)+8
2x=-8 y= 8
x=-4
The intercepts are (—4,0) and (0,8).
Ayy=2c+8
10 Z‘(c;i. 8)
(-4,0) / L
Y ™ 8 [ O
=11} iE 10
=10%
22, y=3x-9
X-intercept: y-intercept:
0=3x-9 y=3(0)-9
3x=9 y=-9
x=3

The intercepts are
.\.I
10

(3,0) and (0,-9).
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23, y=x’-1
x-intercepts:
0=x"-1
X =1
x==1
The intercepts are

(0,-1) -

24. y=x*-9
x-intercepts:
0=x"-9
x* =9

x=13

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

¥

10

Bl I | i g

Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

y-intercept:
y=0*-1
y=-1

(=1,0). (1,0). and (0,~1).
y=x —1

y-intercept:
y=0"-9
y=-9

—10f
25. y=—x’+4
x-intercepts:
0=-x>+4
=4
x=12

y-intercepts:
y= —(0)2 +4
y=4

The intercepts are (—2,0), (2,0), and (0,4).

26. y=—x"+1
X-intercepts:
0=—x>+1
x* =1

x=%1

y-intercept:
y= —(O)2 +1
y=1

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

27. 2x+3y=6
x-intercepts:
2x+3(0)=6

2x=6
x=3

The intercepts are

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

15
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Chapter 1: Graphs

28. 5x+2y=10 The intercepts are (—1,0), (1,0), and (0,4).
x-intercepts: y-intercept: Vi
5x+2(0)=10 5(0)+2y =10 sH
5x=10 2y=10 (0,4)

x=2 y=35

The intercepts are (2,0) and (0,5).
}}J\
(0.5)

5x + 2y =10

{2 ) 31. _\"k
A _aa S ;
T B 11X ®=5H L G
=5 & 5 L
-3+ I I R AR
=5 L 5
29. 9x* +4y=36 =
[ ] — L ]
X-intercepts: y-intercept: (€)= (=3, —4) _51- (@)= (3, —4)
9x> +4(0)=36  9(0)’ +4y=36
9x% =36 4y =36 32 "}
sk
X2 =4 y=9 b)=(-5.3) (5.3)
L] — L]
x=12 -
The intercepts are (—2,0), (2,0), and (0,9). Ll &
=5 L 5
(0,9) . B .
©=05-3) (@) =(5 31
-5
=2.4 2,0
|(|||) (||)||g 33. y
—10 10 4
sk
9x* + 4y = 36 B
(_23 ]) I (h): (25 ])
® - o
I O O
-5 . — @ 5
30. 4x*+y=4 (@=(2-1) - (&)=(2.-1)
x-intercepts: y-intercept: B
4x*+0=4 4(0)* +y=4 -5
4x* =4 y=4
X =1
x==1

16
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Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

34. Vi 39. YA
5— S_
5o PR @=(0.3) |
(t)—£—4, 2) B (a) —.(4« 2) (©) = (0. 3) "_-
|||||_|||||;-" |||||_|||||’-"
-5 L 5 -5 L 5
[ ] — L ] (U _.{) —
(b)=(4-2) : 4, -2) ®) = (U -3) “__
-5+ Iy
35. y 40. Vi
L 5
51 L
©=(52 F @=652 (@=(3,0 L@©=30)
) - ) AW
[ [ —— - >
1751 (I ?1 || . | . < B 5
[ ] — [ -
() = (-5, -2) B (5,-2) B
—5F —5
36. Ny 41. a. Intercepts: (—1,0) and (1,0)

L
S —
C b. Symmetric with respect to the x-axis, y-axis,
@)= (-1, 1) )= (1, 1) and the origin.
* o

_5' S l _l S lS > 42. a. Intercepts: (0,1)
“1.-D :(b) =1.-D b. Not symmetric to the x-axis, the y-axis, nor
- the origin
sk
. " 43. a. Intercepts: (—%,0), (0,1), and (%,0)

@=C39 5L ©=69 b. Symmetric with respect to the y-axis.
B 44. a. Intercepts: (-2,0), (0,-3),and (2,0)

—SI = _I = :l’» o b. Symmetric with respect to the y-axis.
N 45. a. Intercepts: (0,0)

L ] — [ ]
B SE®=6.9 b. Symmetric with respect to the x-axis.

38. )
'E“ 46. a. Intercepts: (-2,0), (0,2), (0,-2),and (2,0)
sk
~ Symmetric with respect to the x-axis, y-axis,
(©)=(=40) L(a=(40) and the origin.
(by=(4.0 L 0
[ N T O T Y R A .
= B — 47. a. Intercepts: (-2,0), (0,0), and (2,0)
— b. Symmetric with respect to the origin.
_5: 48. a. Intercepts: (—4,0), (0,0), and (4,0)

b. Symmetric with respect to the origin.

17
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Chapter 1: Graphs

49. a. x-intercepts: [-2,1], y-intercept 0 57. y*=x+16
x-intercepts: y-intercepts:
b. Not symmetric to x-axis, y-axis, or origin. 0% =x+16 yz —0+16
-16= 2 _
50. a. x-intercepts: [-1,2], y-interceptO * y" =16
y=%4
b. Not symmetric to x-axis, y-axis, or origin. The intercepts are (—16,0), (0,—4) and (0,4).

Test x-axis symmetry: Let y =—y

51. a. Intercepts: none
b. Symmetric with respect to the origin. (- y)2 =x+16

2
=x+16 same
52. a. Intercepts: none Y

b. Symmetric with respect to the x-axis. Test y-axis symmetry: Let x = —x

2
'\I
llﬁlll—l!rl

vy =—-x+16 different
53.

X Test origin symmetry: Let x=—x and y=-y.
(-y)’ =—x+16
y2 =—x+16 different

I
5

(2,-5) Therefore, the graph will have x-axis symmetry.

58. yP=x+9

(0,-9) X-intercepts: y-intercepts:

54, y 0> =—x+9 > =049
S 0=-x+9 y2=9

=9 _
{[}_2};/—’-”"' X y=43

(—4,0) # ' The intercepts are (—9,0), (0,-3) and (0,3).

—5 & 2 Test x-axis symmetry: Let y =—y
(n_—z}:\‘.* (—y)2=x+9

—5= y? =x+9 same

Test y-axis symmetry: Let x=—x

y* =—x+9 different

55. Yy

IE)
2

! T

Test origin symmetry: Let x=—x and y=-y.
(0, 0)
(-=.0)

; (m 0) 2
TS TR M. 4 07 9 . 1 e (—y) =—x+9
-5 3 )

¥y =—-x+9 different

rals
3

Therefore, the graph will have x-axis symmetry.

59. y=3x

56.

x-intercepts: y-intercepts:
0=3/x y=0=0
O=x

X The only intercept is (0,0).

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

18
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60.

61.

62.

Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

Test y-axis symmetry: Let x =—x

y=3-x= ~3x different

Test origin symmetry: Let x=—x and y=—y
—y = 13[ —X = —‘%/;

y =3x same

Therefore, the graph will have origin symmetry.

y=x
X-intercepts:
0=3x
0=x

The only intercept is (0,0).

y-intercepts:

Test x-axis symmetry: Let y =—y
-y= é/; different

Test y-axis symmetry: Let x = —x
y= J=x ==3x different
Test origin symmetry: Let x=—x and y=-y
—y=Rx=-x
y= IYx same

Therefore, the is symmetric with respect to the
origin.

x*+ y=9=0
x-intercepts: y-intercepts:
x*-9=0 0°+y-9=0
x* =9 y=9
x=13

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:

19

63.

64.

¥’ -0-4=0 0°-y—4=0
X' =4 —y=4
x=12 y=-4

The intercepts are (—2,0), (2,0), and (0,—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)2 -y—4=0

xz—y—4:O same

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

(-2 (=) ~4=0
x*+y—4=0 different

Therefore, the graph has y-axis symmetry.

25x% +4y? =100
x-intercepts:
25x% +4(0)* =100 25(0)° +4y> =100

y-intercepts:

25x* =100 4y* =25
xr=4 y2:5
x=12 y=45

The intercepts are (-2,0),(2,0), (0,-5), and
(0.5).
Test x-axis symmetry: Let y =—y
25x% +4(-y)’ =100

25x2 +4y2 =100 same
Test y-axis symmetry: Let x = —x
25(—x)’ +4y> =100

25x% +4y? =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.

4x2+y2=4

Xx-intercepts: y-intercepts:
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Chapter 1: Graphs

65.

66.

4x* +0> =4 4(0)° +y* =4

4x* =4 Y2 =4

x2:] y=i2
x==1

The intercepts are (—1,0), (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
4(—x)2 + y2 =4

4x* + y2 =4 same
Test origin symmetry: Let x=—-x and y=—y
42 +(-) =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 =064
x=4

The intercepts are (4,0) and (0,-64).

Test x-axis symmetry: Let y =—y
—y=x"—64 different

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=x4—1

x-intercepts: y-intercepts:

67.

68.

0=x"-1 y=0*-1
xt =1 y=-1
x==%1

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=x4—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

x-intercepts: y-intercepts:
0=x"-2x-8 y=0"-2(0)-8
():(x—4)(x+2) y=-8

x=4 or x=-2
The intercepts are (4,0), (-2,0), and ((), -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)—8

—y=x>+2x-8 different

Therefore, the graph has no symmetry.

y=x"+4

x-intercepts: y-intercepts:
0=x>+4 y=0>+4

X =—4 y=4

no real solution
The only intercept is (0,4).

Test x-axis symmetry: Let y =—-y

—y=x"+4 different
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Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

Test y-axis symmetry: Let x = —x Test x-axis symmetry: Let y=—y
y=(-x)"+4 x4
—-y= different
y= x* +4 same 2x
Test origin symmetry: Let x=—x and y=—-y Test y-axis symmetry: Let x=—x
2
2 -x) -4
—y:(—x) +4 y:—( 2() )
—x
—y=x+4 different ;
x =4 .
Therefore, the graph has y-axis symmetry. y=- different
X
. 4x Test origin symmetry: Let x=—x and y=—-y
x> +16 (-x)’ -4
X-intercepts: y-intercepts: Y=
2(-x)
4x 4(0) 0
= y=———=—=0 X —4
x°+16 0" +16 16 —y=
4x=0 -2x
2 —
x=0 y= al same
The only intercept is (0,0). 2x

Test x-axis symmetry: Let y = —y Therefore, the graph has origin symmetry.

4x . 3
-y== different 71. y= =
x~+16 x* -9
Test y-axis symmetry: Let x = —x x-intercepts: y-intercepts:
4(-x) - -0 0
y = T O = 3 y = 2— = —=
(—x)"+16 x-9 0°-9 -9
3
—x =0
y=- 24x different
x*+16 x=0
Test origin symmetry: Let x=-x and y=-y The only intercept is (0,0).
4(—x) Test x-axis symmetry: Let y =—-y
ETTo 3
(-x)"+16 _y= -
Adx x2 -9
—y = — 5 3
x"+16 y= different
x° =9
=— same )
x"+16 Test y-axis symmetry: Let x = —x
Therefore, the graph has origin symmetry. _(_ x)3
y=—"5
x* —4 (=x)" -9
y= 3
. 2x ) y= 2x different
Xx-1ntercepts: y-intercepts: x" =9
x* —4 0°-4 —4
0 = y =—=
2x 2(0) 0
x> =4=0 undefined
x2=4
x=22

The intercepts are (—2,0) and (2,0).

21
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Chapter 1: Graphs

Test origin symmetry: Let x=—-x and y=—y 73. y= X

(=)’ i
(2P -9 i
X3 =
-y= Lot
X’ -9 LLd1 |(| |

3 L

y= ;x same ?
x°=9 (=1L=0)

Therefore, the graph has origin symmetry.

—y=

xt+1

2x° 74. x=y?
Xx-intercepts: y-intercepts:
i . 0*+1 1 SF
x + =—-——= —
0= S0 =
o 2(0) (1, 1)

undefined

72. y=

=

4__ — 2
* _11 i 0 N ) 0 0 O [
no real solution 5 (U. U) I S

—J
There are no intercepts for the graph of this =
equation. L(1,~1)

Test x-axis symmetry: Let y=—y — &

+1
—y=——— different
2x 75. y=+x
Test y-axis symmetry: Let x =—x y
(-x)" +1 1
y=—""75 (4,2)

5 -
2(~x) (L. 1)
4 L ”
y= X +51 different S R I m

—2x =5 (0.0)F 5

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

() F
T :

1

-2x°
x* 41 Y
s same 5
X

Therefore, the graph has origin symmetry.

-y 76. y=

y:

22
Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

77.

78.

79.

80.

81.

82.

Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

If the point (a,4) is on the graph of

y= x> +3x , then we have

4=a*+3a
0=a’+3a—4
0=(a+4)(a-1)
a+4=0 or a-1=0
a=-4 a=1

Thus, a=-4 or a=1.

If the point (a,—S) is on the graph of
y= x* +6x, then we have
—5=a’+6a

0=a’+6a+5

0=(a+5)(a+1)
a+5=0

a=-5 a=-1
Thus, a=-5 or a=-1.

or a+1=0

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

23

(a,—b) . Since 2 is a y-intercept in this case, the
point (0,2) 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.

83. a. (x24yP—x) =274y’

Xx-intercepts:
2
(2 +(0)" =) = +(0)
(x2 - x)2 =x’
xt—2x 4 a? = 47

=23 =0

xS(x—2):0
x¥=0 or x-2=0
x=0 x=2

y-intercepts:
2

(0 +y* 0] =(0)*+»”

() =7

4_ 2

y =y

¥ =y'=0

y? yz—l):O
y2—0 or y —1=0
y=0 yz—l
y==1

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

(4 () —x)2 = (oy)

2
(x2 +y? —x) =x*+y? same

Test y-axis symmetry: Let x = —x
2
(=2 22 =(=0)) = ("7

2
(xz +y2 4+ x) =x’+y* different
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Chapter 1: Graphs

84.

Test origin symmetry: Let x=—x and y=-y Letx=0.
2 2 2 2 2 0 +y*)? =a*(0* - »?)
(=) +(=9) =(=x)) =(=2)" + (=) . a
) y =at(=y7)
(x2 +y? +x) =x>+y* different v +a?y? =0
Thus, the graph will have x-axis symmetry. ¥ (y*+a*)=0
y=0

16y? =120x-225
y-intercepts:
16y* =120(0)-225
16 y2 - 225 So the int.ercepts are are (0,0), (a,0) and (-a,0).
Test x-axis symmetry: Replace y by -y
2 225 2, 22 _ 2,2 9
Y ="16 (X" + =) =a" (" = (=y)7)

2, 22 2,2 2 .
no real solution (x*+y7)" =a”(x" —y°) equivalent

(Note that the solutions to y* +a” =0 are not
real)

x-intercepts: Test y-axis symmetry: replace x by -x

2, 2N2 _ 2. 2 2
16(0)* =120x-225 (0" +y)* =a (=0 = y")
0=120x—225 (X% +yH)? =a* (x* - y?) equivalent
—120x = =225 Test origin symmetry: replace x by -x and y by
-y
-225 15
YT s (0 + (=9 =a® (07 = (=»)?)

15 (2 + y2)2 =a*(x* - yz) equivalent
The only interceptis | —,0 |. . .
8 The graph is symmetric by respect to the x-

) axis, the y-axis, and the origin.
Test x-axis symmetry: Let y=—y
16(~y)” =120x-225

16y* =120x—225 same

86. Lety=0.
(2 +0% —ax)? =b>(x* +0%)
20 +ad®xF -2 x> =0
X [(x=(a+b)][(x—(a-b)]=0

x=0or x=a+b

Test y-axis symmetry: Let x =—x
16y” =120(-x)-225
16y* =—120x—225 different

or x=a-b
Test origin symmetry: Let x=—x and y=-y Letx=0.
16(~y)” =120(~x)-225 (07 +y* —a-0)" =b*(0* +y%)
4 42 2
16y* =—-120x—225 different y' =b7y"=0
2 —
Thus, the graph has x-axis symmetry. Yy (y+b)(y-b)=0
y=0’y=_b7y=b
85. Lety=0. So the intercepts are (0,0), (a-b,0), (a+b,0),
(x> +0%)% =a*(x*-0%) (0,-b), (0, b).
= a2 () Test x-axis symmetry: replace y by -y
2
x4 —azxz =0 |:X2 +(—y)2 —ax] :b2 |:x2 +(—y)2:|
(x> =d*)=0 (x* + y2 —ax)? =b* (X + y2) Equivalent
=0 or ()c2 —az) =0
2_ 2

x=0or x =a

xX=-a,a

24
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87.

Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

Test y-axis symmetry: replace x by -x
2
[0+ ) a0 | =p*[ (=0 +? ]

(x* + y* +ax)? =b* (x* + y*) Not equivalent

Test origin symmetry: replace x by -x and y by
-y

[0+ ~at0] = [0+ (7]

(x* + y* +ax)* =b* (x* + y*) No equivalent 88.

The graph is symmetric with respect to the

x-axis only.
" 89.
s_
L y=VxZ
B y=|x|
L NA L
=5 L 5
5
90.
YA
Sk 91.
: _\.‘:_\' 92.
L1111 Ao
-5 | 5
5
Yi
8_
K y=(Jx J
A i
-2 | 8
Iy o

Since \/x_2 = | X | for all x, the graphs of
y:\/x_2 andy:|x| are the same.

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

x is x> 0; for y = x, the domain of the

25

variable x is all real numbers. Thus,

(«/;)2 = x only for x > 0.

d. For y= Vx? | the range of the variable y is
y20;for y=x, the range of the variable

y is all real numbers. Also, Vx? =x only
if x>0. Otherwise, \/x2 =—X.

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.

Answers will vary. One example:
y

Answers will vary
Answers will vary

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 Xx-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.
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Chapter 1: Graphs

(x,y) on graph — (—x, y) on graph

(from y-axis symmetry )

(—x, y) on graph — (x,—y) on graph

(

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

graph has x-axis symmetry.

93. Answers may vary. The graph must contain the 8.

points (—2,5), (—1,3), and (0,2). For the

graph to be symmetric about the y-axis, the graph 9,

must also contain the points (2,5) and (1,3)

10.

(note that (0, 2) is on the y-axis).

11.

For the graph to also be symmetric with respect

to the x-axis, the graph must also contain the 12

points (-2,-5), (-1.-3). (0,-2). (2.-5). and

(1, —3) . Recall that a graph with two of the 13.

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 1.3

15.

1. undefined; O

2. 3;2
x-intercept: 2x+3(0)=6
2x=6
x=3
y-intercept: 2(0)+3y =06
3y=6
y=2

16.

3. True
4. False; the slope is %
2y=3x+5

==x+=
Y 2

26

from origin symmetry) 6.

14.

True; 2(1)+(2) 4

?

2

2+2=4
4=4 True

m; =m, ; y-intercepts; m,; -m, = —1

®

Slope = 1=0 = 1
2-0 2
If x increases by 2 units,
by 1 unit.
1-0 1
Slope = =——
Pe=T 2-0 2
If x increases by 2 units,
by 1 unit.
Slope = —2 = —l
1-(-2) 3
If x increases by 3 units,
by 1 unit.
Slope = 2-1 = 1
2—(-1) 3

If x increases by 3 units,
by 1 unit.
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Section 1.3: Lines

21. Slope = Y =

-5+
2. Slope=22=0_272 0 _,
xn-x -5-4 -9
YA
5_
-5,2) - @
I A A R ;
-5 L 5
=5
- _ 1 23. Slope =221 2 “272 _ =% yndefined.
n-x 2-(-2) 4 2 n-x -l-(-) 0
y A
s st
(-2.3) L @ -1.2)¢ -
|||||%5\1|-'E TR N A A
= ~ ) L -2 | >
5 - \ N
_5: "5—
Y=y 31 2 24. Slope:yz_ylz—z_oz2 undefined.
20. Slope = = == . _r 220
xn-x 2-(-D 3 2
YA A
S—
: 8(2,2)
L [l ox
-5 = (2,0) 5
s |
27
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Chapter 1: Graphs

25. P:(1,2);m:3 29. P:(—1,3);m:O
YA Yi
8r 5
N C P=(-1,3)1 -
B Ll o
L -5 | 5
5+
26. 30. P=(2,-4);m=0
.Il.
=
L i
=P = (2.—4)
5k

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

27.

-V.il
5_
P=(0,3)¢

L g

-5 B 5

_5“_

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

28. P=(1,3);m= _% 32. P =(-2,0); slope undefined
.ILI

¥ 5

[ e
5

33. P:(1,2);m:3;y—2:3(x—1)

28
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34.

35.

36.

37.

38.

39.

40.

41.

P:(2,1);m:4;y—1:4(x—2)

3 3
P=(2,4)m=-"3y—-4=-"(x-2
(2.4):m 7Y 207D

2 2
P (1,3);m:—§;y—3:—§(x—1)

P

(—1,3);m=0;y—3:0

P

(2,-4);m=0;5y+4=0

Slope =4 2% ; 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=-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
(19)

Slope = —% = _73 ; point: (2, —4)

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

units.

42,

43.

44.

Section 1.3: Lines

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 = % ; point: (-3,2)

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

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=343=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+41=0 and y=-5-2=-7
(0.-7)

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

Slope =—1= _Tl ; point: (4,1)

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

Answers will vary. Three possible points are:
x=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)
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45. (0, 0) and (2, 1) are points on the line.
Slope = 1=0 = 1
2-0 2
y-intercept is 0; using y =mx+b:
1
=—x+0
Y 2
2y=x
0=x-2y

x—2y=0 or y:%x

46. (0, 0) and (-2, 1) are points on the line.

0 _ 11

1
Slope = =
P -2-0 =2 2

y-intercept is 0; using y =mx+b:
1

=——x+0
Y 2
2y=—x
x+2y=0

x+2y=0 or y:—%x

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

Slope = 1-3 :_—2=—1
I-(-D) 2

Using y -y, = m(x—x,)

y—1=-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;)

y-1 =%(x—(—1))

Slope =

1
—l==(x+1
y 3( )

4. y-y =m(x—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=3 or y=—x+3

5S1. y—y, =m(x—x)), m =—%
1

—2=—"(x-1
y 2( )
11
—2=——x4—
Y 272
1.3
YT

1 5
x+2y=5 or y:—§x+5
52. y—-y, =m(x—x), m=1

y=l=1(x-(=1)
y—1=x+1

y=x+2
x—y=—2or y=x+2

53. Slope = 3; containing (-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
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Section 1.3: Lines

1 o . 58. Containing the points (=3, 4) and (2, 5)
55. Slope :E; containing the point (3, 1) 5_4 1

m= =
2-(=3) 5

y=y =m(x—x)

y=y =m(x—x)

y-1=2(x-3) 1
1 3 y—5=§(x—2)
y-l==—x—=
2 2 _5_1 2
11 YIS
y=—x-—
E yelen2
x—=2y=1or y:lx—l 5 5
22 x—5y=-23 or —lx+§
, y y 5 5
56. Slope =——; containing (1, -1) )
3 59. Slope = -3; y-intercept =3
Y=y =m(x—x) y=mx+b
2 y=-3x+3
y- (=D === (x-1)
3 3x+y=3 or y=-3x+3
2 2
y +1=—?x+§ 60. Slope = -2; y-intercept = -2
2 1 y=mx+b
y:—?x—g y==2x+(-2)
2x+y=-2 or y=—-2x-2

2x+3y=—-1or y=— 2x—1
- 373
61. x-intercept = —4; y-intercept = 4

Points are (—4, 0) and (0, 4)

57. Containing (1, 3) and (-1, 2)
- - 4-0 4
m_2 3_-1_1 m=—_c -
-1-1 -2 2 0-(-4) 4
Y=y =m(x—x) y=mx+b
1 y=1lx+4
y—3=5(x—1) y=x+4
1 1 x—y=—4 or y=x+4
y=3=—x-——
2 2

L2

r= 2x 2 62. x-intercept = 2; y-intercept = —1

5 s o 1 . 5 Points are (2,0) and (0,-1)

X — = — =—X —_

Y YT, me_170_-1_1
0-2 -2 2
y=mx+b

1
=—x-1
Y 2

x—2y=2 or y:%x—l

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

31
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64.

65.

66.

67.

68.

69.

70.

71.

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 =b . 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 (-1, 2)

y=y =m(x-x)
y—2=2(x-(-1)
y=2=2x+2—>y=2x+4
2x—y=—-4 or y=2x+4

Parallel to y =-3x; Slope = —3; Containing the
point (-1, 2)
y=y =mx-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 2( ) >y >

1
x—2y=0 or yzax

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

Parallel to x =5 ; Containing (4,2)

This is a vertical line.
x=4 No slope-intercept form.

72.

73.

74.

75.

76.

77.

Parallel to y =5 ; Containing the point (4, 2)

This is a horizontal line. Slope =0
y=2

. 1 ..
Perpendicular to y = Ex +4; Containing (1, -2)

Slope of perpendicular = -2
y=y =mx=-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)
1
Slope of perpendicular = 3
y=y =mx—-x)

YD =-2 (=D

2 1 +1 N 1 3
=——X — = ——X——
Y 2 2 Y 2 2
1 3
x+2y=-3 or y=——x——
y y )

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 = 3
Y=y =m(x—x)

1 1 3

-0=—(x-(3)>y=—x+—

y 2( (=B3N—>y 7**3
1 3
x-2y=-3 or y=—x+—
y y 5 >

Perpendicular to x =8 ; Containing (3, 4)
Slope of perpendicular = 0 (horizontal line)
y=4
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Section 1.3: Lines

78. Perpendicular to y =8; o | N . .
Containing the point (3, 4) . §x+ y=2; y= —§x+

Slope of perpendicular is undefined (vertical

1 .
line). x=3 No slope-intercept form. Slope = -3 ; y-intercept = 2
79. y=2x+3; Slope = 2; y-intercept = 3 YA
¥ 5
a \_
=3,3) ©, 2 G. D
I A X
1.5 - - e
(0,3) -
T O Y 5 _5:
-5 5
-2

83. y= %X+ 2; Slope = % ; y-intercept = 2
80. y=-3x+4;Slope =-3; y-intercept = 4

L
, 5
0,4 =
(0,2) 2.3)

(1, 1) ||%||||

I N ) N W o |
-5 5

2.-2) N

Y-
Y

1 84.
81. Ey:x—l; y=2x-2

Slope = 2; y-intercept = -2

33
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1
85. x+2y=4; 2y:—x+4—>y:—5x+2 88. 3x+2y=6; 2y:—3x+6—>y:—%x+3

. 3 .
Slope = ——; y-intercept = 2 Slope = 3 ; y-intercept = 3

3 YA
| (0. 3)

(0.2)i\(2-r\'j
| I | I |

| | X
-5 4,0) =

/Ul"_-d | =

wn

86. —x+3y=6; 3y:x+6—>y=lx+2 B xry=1 y:._x+1
3 Slope = —1; y-intercept = 1

L. _ Yh
Slope = 3 y-intercept = 2 2
Yh 0, 1)
5 \
—~ 1 | X
0, 2)[ -2 (1, 00N\, 2
I N T B
-5 = 5
- -2
sk 90. x—y=2; y=x-2

Slope = 1; y-intercept = -2
2 Y
87. 2x—3y=6;—3y=—2x+6—>y=§x—2 5

Slope = % ; y-intercept = -2

YA -5
5 —

I T A | -

91. x=-4; Slope is undefined
y-intercept - none

o

r

(—4,0)

o
-

34
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92. y=-1; Slope = 0; y-intercept =—1

96.

Section 1.3: Lines

x+y=0; y=—x

YA Slope = —1; y-intercept =0

S YA

N 5

IR I 2N [
~ > » L N

(0,-1HL -5 (0, [ 5
-5 B
-5+

93. y=5; Slope = 0; y-intercept = 5

, 3
A 97. 2y-3x=0;2y=3x—>y=—x
8r 2
B 3 .
B (0, 5) - Slope:E; y-intercept = 0
N y
- 5
L i o @,3)
=5 L 5
-2 |||ﬁ0'|0)1||||__iL
-5 5
94. x=2; Slope is undefined
y-intercept - none
.""
5 A
3
98. 3x+2y:O;2y:—3x—>y:—Ex
(2,0) X
. 4 — —__=. 3 -
3y Slope > y-intercept = 0
-\l.llu
S
v —
(-2.3) —
95. y—x=0; y=x B
Slope = 1; y-intercept =0 _:-l ' '['I) ll)': — ,'; :
YA L
5 — (2.-3)
- L
- A22)
L1111 A1
-5 0,0 5
:( b3 99. a. x-intercept: 2x+3(0)=6
L 2x=6
sk x=3

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

35
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Chapter 1: Graphs

100. a.

101. a.

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

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

Yy

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.
y

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

y-intercept: —4(0)+5y =40
5y =40
y=28
The point (0,8) is on the graph.

36

102. a.

103. a.

i[}/
(0, 8)

—1( - -
ll}‘m|1|:|||t|;
A0 10

—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.

| ) I

(0, —ﬁ)]/

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
21
T2

The point [O,%} is on the graph.
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104. a.

105. a.

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

5x=18
18
s

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.

‘4
w—
(0. 6)

] [ A ) [ ([

S
'J\l'_}_‘
Bt
/
3

-10

The point (2,0) is on the graph.
y-intercept: %(0) +=-y=1

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

37

106. a.

107. a.

Section 1.3: Lines

(0, 3)

O

=y

L=

x-intercept: x—%(o) =4

x=4
The point (4,0) is on the graph.

y-intercept: (0) —%y =4

2
~Zy=4
37

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

(1. h/}

x-intercept: 0.2x—-0.5 (0) =1
02x=1
x=5
The point (5,0) is on the graph.
y-intercept: 0.2(0)—0.5y =1
-0.5y =1
y=-2
The point (0, —2) is on the graph.
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108.

109.

110.

111.

112.

113.

114.

5.0)
ol B A ||1K|1/'

=5y e 4

/_(“- -2)

- A

a. x-intercept: —0.3x+0.4(0)=1.2
~03x=12
x=-4

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

y=3

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

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

The equation of the y-axisis 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.

38

115.

116.

117.

118.

119.

120.

121.

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

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

Intercepts: (3,0) and (0,1). Thus, slope = —%.
y:—%x+1 or x+3y=3
Intercepts: (0,—1) and (-2,0). Thus,
1
1 = ——.
slope >
1
y=——x-1or x+2y=-2
2
5-3 2 2
P: —2,5 . P = 1,3 . - — = —
(2. P (13) - 22
3-0 3
P, =(1,3), P, =(-1,0): - -2
2 ( ) 3 ( ) ny 1_(_1) )

Since my, -m, =—1, the line segments AP, and

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

1-(-1) 2 -1
= =— :—:3’
T T TR TSy
4-2 2 2-(-1)
=—=— = :3
R

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

R =(-1.0). B=(23). A =(1-2). A =(41)

m, = 3-0 —E—l' m —ﬁ——l'
12_2_(_1)_3_ ’ 24 — _2_ 4
() 3 -0 _

e

Opposite sides are parallel (same slope) and
adjacent sides are perpendicular (product of slopes
is —1). Therefore, the vertices are for a rectangle.
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123.

124.

125.

126.

P =(0,0), B, =(13), P, =(42), P, =(3,-1)
3-0 2-3 1
M Ty T T TS
-1-2 -1-0 1
’”34——4‘3 T30 3

d34:\/(3 4)2+( ) =J1+9 =410
i =\(3-0)" +(-1-0)" =5+T =0

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.

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

(cost per mile)(number of miles) +

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

127. a.

Section 1.3: Lines

C=0.13x+17; 0< x <1000

y.i\
(150, 36.5)

For 50 miles,

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

C= 0.13(120)+ 17 = $32.60

For every 1-mile in distance traveled, the
cost will increase 13 cents.

C=60+0.25x

0 100 200 300 x

For 20 minutes,
C =60+ 0.25(20) =$65.00

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

calls the cost will increase by $0.25
(that is, 25 cents).
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Chapter 1: Graphs

129. (°C,°F)=(0,32);

slope =

(°C,°F) = (100,212)
212-32 180 _9
100-0 100 5

oF_32=2(C-0)
5
9
°F -32=2(°C
5( )
5
°C =2 (°F -32
9( )

If °F =70, then

5 5
°C=2(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= o F - 160 +273
9 9
K= 5, o 2297
9 9
131. a. The y-intercept is (0, 30), so b = 30. Since
the ramp drops 2 inches for every 25 inches
of run, the slope is m = _—2 = —i. Thus,
25 25
the equation is y = —ix +30
q y 25 :
b. Lety=0.
2
0=-—x+30
25
i)c =30
25
é i x) = §(30)
225 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.
c¢. No. From part (b), the run is 31.25 feet which
exceeds the required maximum of 30 feet.
d. First, design requirements state that the

maximum slope is a drop of 1 inch for each

12 inches of run. This means |m| < %

132. a.

133. a.

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

1 .
ﬂ =— . Thatis, |m| Zi. Thus, the
360 12 12
only 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 = 1 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.
16—

626 = _10 =-0.625. Using
35-19 16
the point-slope formula we have

y—26=-0.625(x-19)

y—26=-0.625x+11.875

y =-0.625x+37.875

Thus, m =

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).
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.
Letx =39.2.
y =-0.625(39.2) +37.875=13.4%

x-intercept:

Let x = number of boxes to be sold, and

A = money, in dollars, spent on advertising.
We have the points

(%, 4) = (100,000, 40,000);
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134.

135.

(x,. Ay) = (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—2o,ooo
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.

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
are parallel.

Put each linear equation in slope/intercept form.

x+2y=5 2x-3y+4=0 ax+y=0
2y=—x+5 -3y=-2x-4 y=-ax
EIE R

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:—lzazl and —a:g:a:—%.
2 2 3 3

Also if all three lines intersect at a single point,

41

136.

137.

Section 1.3: Lines

then no triangle is formed. So, we find where

1 5 2 4.
y=——x+— and y =—x+— intersect.
2 2 3 3

1 5 2 4
——Xt+—=—x+—
2 2 3 3
7 7
—ly=—_
6 6
x=1
1 5
—MD+==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 %,—E, 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—i-a
2 2

The three midpoints are

0+a0+0_2
272 2

0+b O+c b c
and | ——,—— [=| —,—|.
( 22 J (2 2)

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan

0 a+b O+c B a+b£
U2 7 2 2 72

)


https://textbooktestbanks.com/products/9780138279226-solutions

Chapter 1: Graphs

Line 1 from (0,0) to (“ hi

bgj
2

So, line 1 and line 2 intersect at (a_;:bgj

c
—=0 Show that line 3 contains the point a_+b,£ :
__2 __¢ . 3 3
atb_ a+b ’
2 2c (a—i—b a] 2c 2b-a c
c y=——| ———|=—- =— So
y-0= (x-0) 2b—a\ 3 2) 2b-a 6 3
a+b a+b ¢
c the three lines intersect at | ——,— |.
y= X 3 3
a+b
b e 138. Refer to Figure 47. Assume mym, =—1. Then
Line 2 from (a, 0) to (E,Ej
. . [d(A,B)] =A=1)? +(m, —m,)?
—=0 _
m= 2 __ 2 _ ¢ =(m —m2)2
é_a b-2a b-2a =m* = 2mym, +m,*
2 2
o =m’ =2(-1)+m,’
Y= = +m,? +2
c Now,
y= (.X - a) 2 2 2 2
b-2a [d(0.B)] =(1-0)"+(m; —0)" =1+m
a [d(0. A)] =1=0)>+(m, —0)* =1+m,>
Line 3 from (E,Oj to (b,c)
_¢c—0 2 So ) 5
" d wea [dO,B)] +[d©O, A =1+m?> +1+m,’
2 =m? +m> +2=[d(A,B)]
2c [ aj
y-0= X——
2b-a 2 By the converse of the Pythagorean Theorem,
2 a AAOB is aright triangle with right angle at
Y bl T2 vertex O. Thus lines OA and OB are
Find where line 1 and line 2 intersect: perpendicular.
€ el (x-a) 139. (b). (©), () and (g)
atb  b-2a The line has positive slope and positive
b—-2a U y-intercept.
a+b
b—2a—a—b 140. (a), (c), and (g)
TX =-a The line has negative slope and positive
34 y-intercept.
X=-a
a+b 141. (c¢)
I +b The equation x—y =—2 has slope 1 and y-
37 intercept (0, 2). The equation x—y =1 has

Substitute into line 1:
¢ a+b c

YT e 3 3

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.

42
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142.

143 -

146.

147.

148.

149.

150.

(d)
The equation y—2x =2 has slope 2 and y-

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

slope —% and y-intercept (0,—%). The lines

. . 1 .
are perpendicular since 2(—5) =—1. One line

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

145. Answers will vary.

No, the equation of a vertical line cannot be
written in slope-intercept form because the slope
is undefined.

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.

Two lines with equal slopes and equal
y-intercepts are coinciding lines (i.e. the same).

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.

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

. . b .
Line 2 has x-intercept ——= 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, .
b, b b b

b =b, A2, A__ 72
m m m m

151.

152.

153.

Section 1.3: Lines

b b
But ——L =—=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 =m;x+b and Line

2 has equation y =m,x+b,

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

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

m n,
b b
momy
—-myb = -mb
—-myb+mb=0

But —myb+mb=0=b(m —-m,)=0

=b=0

or m—m,=0=>m =m,
Since we are assuming that m; # m,, the only way

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

Answers will vary.
o= _ —4-2 -6 3
m= = = —_— ——
n-x 1-(=3) 4 2

It appears that the student incorrectly found the
slope by switching the direction of one of the
subtractions.
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Chapter 1: Graphs

Section 1.4 Radius = distance from (1,2) to (2,3)

1. add; (£-10)" =25 =\(2-1) +3-27 =2

Equation: (x—l)2 +(y=2)2=2

2. (x-2)°=9
x—2=+J9 13. (x—h)’+(y—k)* =r?
x—-2=143 (x=0)2 +(y-0)* =22
x=2%3

X +y' =4
x=5 or x=-1

22 A
The solution set is {-1, 5}. General form: x” +y~-4=0

3. False. For example, x* + y> +2x+2y+8=0
is not a circle. It has no real solutions. 0. 0)

4. radius |||K| L1
5. True; r2=9—>r=3 k

6. False; the center of the circle -5
(x+3) +(y-2)° =13 is (-3,2).

4. (x-h)*+(y-k)?*=r"

7. d
8. a (x=0)*+(y-0)* =3’
2 2
9. Center = (2, 1) Xty —92 2
Radius = distance from (0,1) to (2,1) General form: x“+y“-9=0
YA
=y2-07+(1-1)* =4=2 ol
Equation: (x—2)*+(y-1)>=4 -
10. Center =(1,2) B e i

Radius = distance from (1,0) to (1,2) L

=JA-1)2+(2-0)> =4 =2 r

Equation: (x—1)> +(y—2)* =4

15, (x—h)?+(y—k)?*=r"
11. Center = midpoint of (1, 2) and (4, 2) =R+ (y=k)" =r

:(ﬂ ﬁ):(i 2) (x—0)* +(y—2)* =2?
202 ) W x4 (y-2)7 =4
Radius = distance from (%,2) to (4,2) General form: x° +y> —4y+4 =4
2, .2
2 X +y —-4y=0
5 5 \P 3
= l4-=| +2-2)" =,[-== ,
\/( 2] N A
Equation: [x—§j2+(y—2)2=2 (0,2)
' 2 4
12. Center = midpoint of (0, 1) and (2, 3) -5
_(0+2 1+3j_(1 )
272 '
44
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16.

17.

18.

(=h)?+(y=k)* =7

(x=D*+(y-0)? =32
(x-D*+y*=9

General form: x* —2x+1+y> =9

X +y?-2x-8=0

(x—h)?+(y—k)* =r?
(x=4) +(y-(-3))* =5
(x—4)*+(y+3)* =25
General form:
X’ —8x+16+y* +6y+9=25
X +y*—8x+6y=0

-8

(x=h)?*+(y-k)?*=r?
(x=2" +(y—(-3))* =4
(x-2)*+(y+3)* =16

General form: x> —4x+4+y>+6y+9=16

X +y?—4x+6y-3=0

YA

Ll AT LN L&

=3

Section 1.4: Circles

19. (x-h)’+(y-k)*=r"
x—(2)*+(y-D* =4
x+2*+(y-D* =16
General form: x* +4x+4+y> —2y+1=16

X +y  +4x-2y-11=0

1

IIKIIIII!II
4=

20. (x—h)Y+(y—k)* =r
(x=(=5)*+(y—(-2))° =7°
(x+5)% +(y+2)* =49
General form: x* +10x+25+y” +4y+4 =49
x> +y?+10x+4y-20=0

NN EN NN

{—5?—2)

21.

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

Chapter 1: Graphs

23. (x-h)*+(y-k)*=r*
(x=5)" +(y = (D))" =(VI3)
(x=52+(y+1)* =13

I l /:\\1 ; o General form:
= \yl 2 P —10x+25+y> +2y+1=13
-, 0
e [l {.) x*+y* —10x+2y+13=0
Al Y
5

General form: x2+yz+y+l=l
4 4 24. (x=h)+(y—k)* =1
0

(x—(-3)7 +(y =27 = (245
- (x+3)°+(y-2)* =20

General form: x> +6x+9+y2 —-4y+4=20

X+y +y=

X +y +6x—4y-7=0

= ety YA
“ (()._;)QD : 7
2t (-3,2)
s}
—8\_// *
25. x*+y’ =4
oyt =2

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

46
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Section 1.4: Circles

y=2 or y=0
The intercepts are (0,0) and (0,2).

27. 2(x-3)+2y* =8

(x—3)2 +y' =4
a. Center: (3, 0); Radius =2
b. Vi
5
c - (3,0)
L | m =
B B u
44_
y=+J4 =42
. 2 2
The intercepts are (-2,0),(2,0), (0,-2), ¢ x-intercepts: (x—3)"+(0)" =4
and (0,2). (x-3)’ =4
—3=4+
26. +(y-1)7*=1 x=3=4/4
) o x=3=%2
Fa=hT= x=3%2
a. Center:(0,1); Radius=1 x=5 or x=1
b. v y-intercepts: (0-3)" +y” =4
5 (-3)’ +)* =4
(051) 9+ y2 =4
yi=-5
= 3 4 No real solution.
- ) The intercepts are (1,0) and (5,0).
28. 3(x+1)"+3(y-1)" =6
2 2
c. x-intercepts: x* +(0—-1)> =1 (x+1) +(y-1)" =2
X +l=1 a. Center: (-1,1); Radius = V2
x2 =0 v \
x=+/0=0 5
y-intercepts: (0)2 +(y-D*=1 L A=LD)
(-1 =1 (}
X
y—1=i\/i _%JJ | llll%\._
y—1==1 L
y=1=%1 —
44_

47
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Chapter 1: Graphs

¢. x-intercepts: (x+1)2+(0—1)2 =2 y-intercepts: (0—1)*+(y—2)* =32
(x+1) +(-1) =2 D+ (y=2)° =3
2
(x+1)° +1=2 I+(y-2)" =9
2
(x+1)° =1 (v-2) =8
x+1=4_r\/i y—2:i\/§
x+1=1=1 y—2=12/2
x=-1%1 y=2+2/2
szzor x==2 The intercepts are (1—x/§,0),(1+\/§,0),
y-intercepts: (0+1)"+(y—1)" =2
) ) (0.2-2v2),and (0,2+2V2).
(1) +(y-1) =2
1+(y-1)" =2 30. 4y +4x+2y-20=0
(y—1)2=1 x2+4x+y2+2y:20
y—1=+1 (P +4x+ D+ +2y+1)=20+4+1
y—l=+I (x+2) +(y+1)? =5
y=1=%1 a. Center: (-2,—-1); Radius =5
y=2 or y=0 b. v
The intercepts are (—2,0), (0, 0), and (0,2). 5

29. X’ +y*—2x—-4y-4=0
X' —2x+y’—4y=4
(X =2x+D)+ (> —4y+4)=4+1+4
(x=-D*+(y-2)*=3%
a. Center: (1,2); Radius =3

c. x-intercepts: (x+2)> +(0+1)* =52

b. )
> (x+2)2+1=25
(x+2)* =24
o0 BN [ir s x+2=im
i G 3 . x+2=i‘2\/€
x=-2426
2 y-intercepts: 0+2)° +(y+1)?* =5
- 4+(y+1)? =25
c. x-intercepts: (x—1)°+(0-2)* =3 (y+D?* =21
(x=1*+(-2)* =3 y+1=+21
(x—=1)’+4=9 y=-1£21
(x—l)2 =5 The intercepts are (—2—2\/8, 0),
x=1=%5 (-2+2v6.0). (0.~1-+21), and
x=145 (0.-1++21).
48
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31. X +y +4x—4y—-1=0

X2 +dx+

(X +dx+4)+ (Y2 —4y+4)=1+4+4

(x+2)* +

yr—4y=1

(y-2)* =3’

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

y

(=2,2)

=5

-5

c. x-intercepts: (x+2)% +(0—2)* =32
(x+2)*+4=9
(x+2)* =5
X+2:i\/§
x=-2%5
y-intercepts: (0+ 2)% + (y- 2)? =32
44(y-2)%*=9
(y=2=5
y=2=45
y=2%+5

The intercepts are (—2 — «/g s O),

(—2+ﬁ, 0), (0,2—\6), and (0,2+\B).

5 X

32. x4+ —6x+2y+9=0
x*—6x+y* +2y=-9

(x* —6x+9)+(y* +2y+1)=-9+9+1

(x=3)2+(y+D*=1?

a. Center: (3,-1);

Radius =1

33.

Section 1.4: Circles

c. x-intercepts: (x—3)>+(0+1)> =12

y-intercepts: (0—3)> +(y+1)

(x=3)%2+1=1
(x=3)° =0
x—-3=0

x=3
212
9+(y+1)?* =1
(y+1)2 =-8

No real solution.

The intercept only intercept is (3, O) .

x2+y2—x+2y+1=0

xz—x+y2+2y:—1

2 1j 2
X —x+— |+
[ 1 (y

+2y+1):—1+i+1

2 2
tf ()

a. Center: (%,—1];Radius= !

b.

g

2

v

-2
I

13

[-3]
xX——| =—=
2 4

The only intercept is (0,—1).
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Chapter 1: Graphs

34. x2+y2+x+y—%=0

X Hx+yi+y=

(x2+x+l)+( 24 +lj—
4)7 Ty
2 2

1 0,

x+=| +| y+=| =1
( 2) (y 2)

a. Center: —l,—l);Radius:l
2 2

= =

1 1
+—t+—
4 4

b. YA
=

A b

u— |
3

\l\—/
[N

Il
—
)

o
Il

A=
+
7 N\
=
+
N—= D= =
A w

D N
—_ o

Il

—_

b=y

<
+
I
I
+
H

e

|
—_

y:

2
The intercepts are (_1_2\/5,0} (_H\B,O

2
[0, 1\/5} and [0, H\/EJ.
2 2

35, 2x7+2y?—12x+8y-24=0
X +y?—6x+4y=12
X —6x+y>+4y=12

(x* —6x+9)+(y* +4y+4)=12+9+4
(x=3)+(y+2)* =5
a. Center: (3,-2); Radius=5

b. )

LN

.

c. x-intercepts: (x=3)2+(0+2)* =5
(x=3)’ +4=25
(x-3)" =21
x=3=121
x=3+21

y-intercepts: (0—3)* +(y+2)> =5°
9+(y+2)° =25

(y+2)* =16

y+2=14

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

The intercepts are (3 - \/ﬁ, O), (3 + \/ﬁ, 0),
(0,-6), and (0, 2).

36. a. 2x*+2y*+8x+7=0
2x% +8x+2y* =7

7
2 2
X +4x+y =——

Y 2
(x? +4x+4)+ y? =—%+4

(x+2)2+y* =

N | =

V2 T

N2 42| N2
(x+2)"+y [2

Center: (-2, 0); Radius = %
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b YA
5_
2,0 [
IR
-5 | 5
s
: 2 2 1
c. x-intercepts: (x+2)” +(0) =3
(x+2)2 _1
2
x+2=1% 1
2
x+2:i£
2
x=—2i£
2
. 2 2 1
y-intercepts: (0+2)" +y =5
1
4+y* ==
Y73
2__ 7
Y 2

No real solutions.

The intercepts are [—2 —%, Oj and
[—2 + ﬁ OJ.
2

37. 2x*+8x+2y* =0
X +4x+y* =0
x2+4x+4+y2:0+4
()c+2)2+y2:22
a. Center: (-2,0); Radius: r=2
b.

h

.\.
5

S s O

v =

sl

51

Section 1.4: Circles

c. x-intercepts: (x+ 2)2 +(O)2 =2?
(x+2)* =4
(x + 2)2 =+J4
x+2=412

x=-2%2
x=0 or x=-4

y-intercepts: (0+ 2)2 +y? =27

4+4y* =4
» =0
y=0

The intercepts are (—4,0) and (0, 0).

38. 3x7+3y*-12y=0
x4yt —4y=0
X +y —4y+4=0+4
P t(y-2) =4
a. Center: (0,2);Radius: r=2
b. Yy

h
|

T

£

=

Lh

. 2
c. x-intercepts: x” +(0—2)

x* +4
2
X

=
Il

y-intercepts: 0% +(y— 2)2
y-2)’

(

4
4
0
0
4
4
+

i

Il
N+

y=2
y—2
y +

[\

y=4 or y=
The intercepts are (0,0) and (0,4).
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Chapter 1: Graphs

39.

40.

41.

42,

43.

44.

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

r =\/(—2—0)2 +(3-0)° =4+9 =413

Equation: (x—0) + (y -0)* = (\/E)z

x2+y2:13

Center at (1, 0); containing point (-3, 2).
r =\/(—3—1)2 +(2-0) =416+4 =420 =25
2
Equation: (x—1)*+(y-0)* = (@)
(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: ( R j: (-1,3)
Radius: 7 =+/(1-(-1)> +(4-3)% =<4+1=1/5
Equation: (x—(-1)’ +(y=3)" =(v/5 )2

(x+1)* +(y=3)*=5

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

Center: (ﬂﬂ) =(2, 2)
2 2

Radius: r=+/(4-2)>+(3-2)" =4+1=+/5
Equation: (x=2)* +(y—2)2 = (\/5)2
(x=2*+(y-2)* =5
C=2nr

167 =2xr
r=38

(x=2)" +(y—(—4)* =(8)
(x=2+(y+4)7> =64

2
A=rxr

497 = zr?

r=17

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

45.

46.

47.

48.

50.

(c); Center: 1; 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).

3-(2) =l= —z. Use the
-1-4 5 5

slope and one point to find the equation of the

line.

Y= (D=

The slope is m =

7 28
y+2=——x+—
5 5
S5y+10=-7x+28
Tx+5y=18

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

X+ +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
m=———-r=_—
-3-2 5

Find the equation of the line containing the
centers:

1
y+3=—§(x—2)
Sy+15=—x+2
x+5y=-13
x+5y+13=0
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51. Consider the following diagram:

A

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

Vv

v

52. Consider the following diagram:

53.

54.

7,7)

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

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
Z+xr=9
2x2 =9
oo?

2

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

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

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

55.

56.

57.

Section 1.4: Circles

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

Therefore, we get

xz+y2 =36
2 +x?=36
2x% =36
X =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

art = 7r(6)2 =367 square units.

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

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

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:
2 2 2

(x—O) +(y—290) =260

2?4+ (y—=290)" = 67,600

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,
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Chapter 1: Graphs

then the center of the building is 49.5 m above
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

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

X +y? —78y+1521=1843+1521 = 3364
X%+ (y—-39)? =58

'y

- Ground 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.

59. Center at (2, 3); tangent to the x-axis.
r=3
Equation: (x— 2)% + (y- 3)2 =32
(x=2%+(y-3)*=9

60. Center at (-3, 1); tangent to the y-axis.
r=3
Equation: (x+3)%+(y—1)* =3°
(x+3)7+(y-1*=9

61. 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

62. 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)2 =(3)°
(x—4)* +(y+2)* =9

63. a. Substitute y =mx+b into X2+ y2 =r?:

x2+(mx+b)2 =r?
X +m?x® +2bmx+b* = r*
(1+m*)x* +2bmx+b* —r* =0

This equation has one solution if and only if
the discriminant is zero.

(2bm)* —4(1+m*)(b* —r*) =0
4b*m* —4b* + 4r* —4b*m* +4m*r* =0
—4b* + 417 +4m*r* =0
D+ +m*rt =0
rr(1+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 = 2 = 2 =1 2 =
21+ m”) b b b
2
2
—mr

=m +b

—m*r? —-m*rt+b* P
= +b= =

b b b

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

L

b 2 b 1
(—111}"2 _OJ

b

The two lines are perpendicular.

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

x=2y+4=0
2y=x+4
1
=—x+2
)

The slope of the tangent line is % The slope

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

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

65.

Section 1.4: Circles

So the equation of the tangent line is:

2=k _ )
0—h V2
22 =——(x-1
2k =2h y=232 === (x1)
The other tangent line is y =2x—7, and it has \/E \/5
slope 2. y—2\/_=—TX+T
The slope from (4, k) to (3,-1) is —%. 4y—8x/_=—\/§x+x/§
“1-k 1 \/Ex—i- 4y = 9\/5
3-h 2 L
242k =3-h 66. x +Yy —4x+6y+4:0
2k=1-h (F —4x+4)+(y* +6y+9)=—4+4+9
h=1-2k (x=2+(y+3)*=9
Solve the two equations in % and k : Center: (2,-3)
2—k=2(1-2k) The slope of the line containing the center and
Dk =2—4k (3’2\5_3) « 2\/5—3—(—3):2«/522\/5
3k=0 3-2 1
k=0
h=1-200)=1 ) ) Then the slope of the tangent line is:
The center of the circle is (1, 0). 0 NG
The slope of the line containing the center (0,0) 22 4
and ( 1,242 ) is So, the equation of the tangent line is
2
_ y—(242-3) === (x-3)
2\1/50 0 =242 Then the slope of the tangent ( ) 4
-1 2 y—2\/§+3=—£x+£
line is o = 4 4
V2 4 4y—8Y2+12= —2x+32

V2x+dy=1142-12

55
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Chapter 1: Graphs

67.

68.

69.

70.

+ +
The center of the circle is (%%j and the radius is %\/ (x,—%,)* +(¥,—y,)* . Then the equation of

2 2
the circle is (x —&szj + (y —&2)&} = i[(xl x5 )+ (- yz)z} . Expanding, gives

()‘1+)‘2)2 2 (y1+y2)2 lr 2, 2 2
T-ﬁ-y —y(yl-t-yz)-t-—:—[x1 =2xx, +x,” + Y —2y1y2+y2:|

4 4

4x* —4x1x—4x2x+x12 +2x,x, +x22 4—4y2 —4y1y—4y2y+yl2 +2y,5, +yz2 = xl2 -2x.x, +x22 +yl2 =2y,y, +y22

x* —x(x, +x,)+

4x* —dxx—dx,x +dxx, +4y  —dyy—4y,y+4yy, =0
x — XX — X, X+ X, X, +y2 =Ny =Y,y+yy, =0
x(x=x)=x (x+x)+y(y=3)=-»(y+y)=0
(x=x)(x=x)+(y=2)(y=2)=0

dY e d+et-4Af

Complete the square to get (x + E) + [ y +EJ = — The slope of the line between the center

d e . . Yo+ 5 Lo X +g

——,—— | and the point of tangency (x,,y,) is m= . So the slope of the tangent line is m,,, =— .
22 Xy +4 Yo+ 4
. L. Xo +% L .
Therefore, the equation of the tangent line is y—y, =— - (x—x,) which is equivalent to
Yo T3

(x=%) (% + %)+ (y=30) (30 +5) =0

xx+dx—x2—dx+ +<y-y -y, =0
0t TS 020)’0y2)’)’o 2)’0

sgxt oy + Exr Ly x2 + 32+ Ln 45y, | =0
0X T YoY 2 2)’ o ™Yo 50 2)’0

Because (xy,Y,) is on the circle, x,” +y,> +dx, +ey, + f =0, and

X2+ vy +%x0 +§ Vo = —%xo —% Yo — f Substituting this result gives

d e d e
X+ IERATES —(—Exo 5% —fj =0

d e d e
x02 +yo2 +Ex0 +Ey0 +Ex0 +Ey0 +f=0

+ +
x02+y02+d(x 2x0j+e(y 2yOJ+f=O

(b), (¢), (e) and (g) 71. Answers will vary.

We need h,k >0 and (0,0) on the graph. . )
72. The student has the correct radius, but the signs

of the coordinates of the center are incorrect. The
student needs to write the equation in the

standard form (x—h)2 +(y—k)2 =r2.

(b), () and (g)
Weneed h<0, k=0, and |h|>r.
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Chapter 1 Review Exercises

b. The coordinates of the midpoint are:

(x+3) +(y-2)" =16 (x’y)z(x1+xz’)’1+y2j
) ), 2 2
(=) -2 = (At e [8)
Thus, (h,k)=(-3,2) and r=4. L2 2 ) \272)
C. slope:ﬂzg_(_é‘)zz,undeﬁned
Ax 4-4 0

d. An undefined slope means the points lie on a
vertical line. There is no change in x.

Chapter 1 Review Exercises

4, y= X +4
1. A= (0,0) and P, :(4,2) y
2 2 o
a. d(B.B)=(4-0) +(2-0) 2.9 [ fes
b. The coordinates of the midpoint are: L (0, 4)
[t Nty O
(x’y)_(z’zj I I A A
_ ) 5 x
0+4 0+2 4 2
=—— = —— :(2’1)
2 2 22 5. x-intercepts: —4,0, 2; y-intercepts: —2,0, 2
Ay 2-0 2 1 Intercepts: (-4, 0), (0, 0), (2,0), (0,-2), (0, 2)
c. slope=—=——=—=—
Ax 4-0 4 2 ,
d. For each run of 2, there is a rise of 1. 6. 2x=3y
x-intercepts: y-intercepts:
2. P =(1,-1) and P, =(-2,3) 2x =3(0)> 2(0) =3y?
2x=0 0=y
2 2
a d(R.B)= (21 +(3-(-1) £=0 y=0
=J9+16 =25 =5 The only intercept is (0, 0).
b. The coordinates of the midpoint are: Test x-axis symmetry: Let y =—y
(x,y)=[—xl+x2 ,—y1+y2j 2x=3(-y)’
2 2 2x = 3y2 same
[ 1+ (-2) -1+3 Test y-axis symmetry: Let x=—x
2 2 2(-x) =3y’
_ (—_1 gj _ (_l 1] —2x=3y? different
272 ’ Test origin symmetry: Let x=—x and y=—y.
Ay _3-(-D)_4_ 4 2(-x)=3(-y)*
c. slope=—=——7—~t=—=—— >
Ax -2-1 3 3 —2x=3y" different
d. For each run of 3, there is a rise of —4. Therefore, the graph will have x-axis symmetry.
2 2
3. B=(4,-4)and P, =(4,8) 7. x"+4y"=16

a. d(B.P)=(4-4) +(8—(~4))

=J0+144 =144 =12
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Chapter 1: Graphs

X-intercepts:
X2 +4(0)’ =16

y-intercepts:
(0)* +4y*=16

x> =16 4y* =16
y=%2

The intercepts are (—4,0), (4,0), (0,-2), and
0,2).

Test x-axis symmetry: Let y =—y

x? +4(—y)2 =16

x* +4y*=16 same

Test y-axis symmetry: Let x =—x
2
(—x) +4y*=16

x? +4y2=16 same
Test origin symmetry: Let x=—x and y=—-y.
(—x)’ +4(-y)’ =16

x> +4y*=16

same
Therefore, the graph will have x-axis, y-axis, and
origin symmetry.
y= K +2x7 4+
x-intercepts:
0=x*+2x"+1

y-intercepts:
y=(0)*+2(0)*+1

0=(xz+1)()c2 +1) =1
X +1=0
xr=-1

no real solutions
The only intercept is (0, 1).

Test x-axis symmetry: Let y =—y

—y=x'+2x7+1

y=—x*-2x* -1 different
Test y-axis symmetry: Let x = —x
y= (—x)4 + 2(—)6)2 +1

y=x4+2x2+l same
Test origin symmetry: Let x=—x and y=-y.
—y=(=x) +2(=x) +1

—y:x4+2x2+1

y=—x"—2x -1 different

Therefore, the graph will have y-axis symmetry.

9. y:x3—x

58

10.

X-intercepts: y-intercepts:
y=(0)-0
0= x(x2 —1) =0
0=x(x+1)(x-1)

x=0,x=-1,x=1

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

0=x—x

Test x-axis symmetry: Let y =—y
3
—y=x —-X
y=—x"+x different
Test y-axis symmetry: Let x =—x
3
y=0x)"—(=x)
different

y=—x+x

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

=y =2 =(-)
-y= —x’ +x
y= X’ —x same

Therefore, the graph will have origin symmetry.

x2+x+y2+2y=O
x-intercepts: x” +x+(0)2 +2(0)=0
X +x=0
x(x+1)=0
x=0,x=-1
y-intercepts: (0> +0+y*+2y=0
Y +2y=0
y(y+2)=0
y=0,y=-2
The intercepts are (—1, 0), (0, 0), and (0,-2).
Test x-axis symmetry: Let y=—y

X +x+(=y) 2 +2(-y)=0
x> +x+y>-2y=0 different
Test y-axis symmetry: Let x =—x

() +(=x)+y* +2y =0
x*—x+y*+2y=0 different
Test origin symmetry: Let x=—x and y=-y.
(0" + 0+ (=) +2(-y) =0
X —x+ y2 —-2y=0 different
The graph has none of the indicated symmetries.
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Chapter 1 Review Exercises

11. (x=h)?+(y-k)?*=r? Y
(x=(-2)) +(y-3) =4
(x+2)" +(y=3)" =16

12. (x=h)?+(y—k)?=r’

(x=(-1)) +(y-(-2)) =1’

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

13. P+(y-1) =4 (x=1) +4=9
)c2+(y—1)2 =2? (x—1)2 =
Center: (0,1); Radius =2 x—1=%+5

4 x=1+5
2 y-intercepts: (0-1) +(y+2)° =3

(0. 1) ,
(¥ 1(r2) -
jhge gt 1 =T it ofiagX )
b

(y+2) =8
- y+2 =28
- y+2=422
x-intercepts: )c2+(0—1)2 =4 y=—2£22
P4 The intercepts are (1—\/3, 0), (1+\/§’0),
=3 (0,-2-242), and (0,-2+2V2).
o3 2 2
y-intercepts: 02+(y—1)2=4 15. 3x"+3y" —6x+12y =0
(y—1)2—4 x2+y2—2x+4y:o
y-1=%2 X' —2x+y* +4y=0
y=142 (= 2x+1)+ () +4y+4)=1+4
y=3or y=-1 s , 5
x—1)7+(y+2) =(\5
The intercepts are (—\/5, 0), (ﬁ, 0), (0,-1), (r=1)"+(y+2) ( )
and (0, 3). Center: (1,_?—2) Radius = /5
5
14. X4y —2x+4y—-4=0

X' —2x+y*+4y=4
(x° —2x+1)+(y* +4y+4)=4+1+4
(x=1 +(y+2)" =31
Center: (1,-2) Radius=3

59
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Chapter 1: Graphs

16.

17.

18.

19.

x-intercepts: ()c—l)2 +(0+ 2)2 = (\/3)2

The intercepts are (0,0), (2,0), and (0,—4).

Slope = -2; containing (3,—1)
y_)ﬁ:m(x_xl)
y—(—l):—2(x—3)
y+1=-2x+6
y=-2x+5 or 2x+y=5

vertical; containing (-3,4)

Vertical lines have equations of the form x = a,
where a is the x-intercept. Now, a vertical line
containing the point (-3, 4) must have an
x-intercept of -3, so the equation of the line is
x =-3. The equation does not have a slope-
intercept form.

y-intercept = —2; containing (5,-3)
Points are (5,-3) and (0,-2)
-2-(3) 1 1
m=—-==—==——
0-5 -5 5
y=mx+b

y:—éx—2 or x+5y=-10

Containing the points (3,—4) and (2, 1)
m=lmCH_ 5 _ s
2-3 -1
y_)ﬁ:m(x_xl)
y—(—4):—5(x—3)
y+4=-5x+15
y=-5x+11 or Sx+y=11

60

20. Parallel to 2x—-3y=-4

2x-3y=-4
—3y=-2x-4
-3y 2x-4
3 3
24
3 3

Slope = %; containing (-5,3)

Y=n =m(x—x1)
y—3=%(x—(—5))
y—3=§(x+5)

322 0
YIRS

2

19
=—x+— or 2x-3y=-19
y 3 3 Yy

21. Perpendicular to x+y =2
x+y=2
y=—x+2

The slope of this line is —1, so the slope of a line
perpendicular to it is 1.
Slope = 1; containing (4,-3)

y=y =mx—x)
y=(=3)=lx-4)
y+3=x-4
y=x-7 or x—-y=7

22. 4x-5y=-20
—Sy=—4x-20

4
=—x+4
'7s
4
slope = 3 ; y-intercept = 4

x-intercept: Lety=0.

4x-5(0)=-20
4x=-20
x=-5
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11
23, Ly 1y 1
2 73T,
o 1.1
377727 %
I
Y=

3 .
slope = E; y-intercep

x-intercept: Let y = 0.

I 1 1
—x——(0)=——
2 3() 6
1 1
—_—X=——

2 6

1

X=—=

3

1
t=—
2

24, 2x-3y=12
x-intercept:
2x-3(0)=12
2x =12
x=6

y-intercept:
2(00-3y =12
-3y=12
y=—4

25.

26.

Chapter 1 Review Exercises

The intercepts are (6,0) and (0,—4).

(6,0)
1 R 1l ) ST S U

1 1
—x+—y=2
27737
x-intercept: y-intercept:
1 1 1 1
—x+=(0)=2 —0)+=y=2
Sx+3(0) SO+3y
1 1
2" 37
x=4 y=06

The intercepts are (4,0) and (0, 6).

\

\
(0.6)

s

(=1,=1}
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Chapter 1: Graphs

27. y=\/;

28. slope =

29.

30.

sk

o B y=Vx

[ (1.1) 9. 3)
(4.2) it

e B O L 1=

=3 5 10

(0. 0)

%, containing the point (1,2)

.“

Find the distance between each pair of points.

dpn =A=3 +(1-47 =315 =13
dye =21+ G- =\B+4 =13
dye =\2-37 + (347 =J25+1=+26

Since AB = BC, triangle ABC is isosceles.

Given the points A =(-2,0), B=(-4,4),and
C=(,)93).

a. Find the distance between each pair of
points.

d (A B)=\(~4—(~2))* + (4-0)’
—J4+16
=20 =25

d(B,C) =8~ (-4) +(5-4)°
=144+

145
JB-(=2)" +(5-0)
2

545

|

d(A,C)

Il
—
=
=
1
93

12

W
Il

31.

32.

[a(A.B)]" +[d(A.C)]' =[d(B.C)]
(V20 +(vi25) =(vi45)
20+125=145

145 =145

The Pythagorean Theorem is satisfied, so
this is a right triangle.

b. Find the slopes:

. 1 .
Since m, g -m, - :—2-5:—1 , the sides AB

and AC are perpendicular and the triangle is
aright triangle.

Endpoints of the diameter are (-3, 2) and (5,-6).
The center is at the midpoint of the diameter:

-3+5 2+(-6)

Center: s =(1,-2
ener[ 5 5 ]( )

Radius: r=1/(1-(=3))> +(=2-2)°
~J16+16
=32=42

Equation: (x—l)2 +(y+ 2)2 = (4@)2

(

=
L
~—
N~
+
—_

y+2)’ =32

— 1=
slope of AB:—S:—l

@)}

slope of R:L_S:—l
8-2

Therefore, the points lie on a line.
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Chapter 1 Test

1. d(B,P)=y(5-(=D)’ +(-1-3)’
=67 +(-4)’

=/36+16

=\52=2V13

2. The coordinates of the midpoint are:

(x y):(xﬁ‘xz )71“‘)’2)

2 2
(145 3+(-1)
L2 2
(42

2’2
-(2.1)
P i e - M S

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

by 2 units.

4. y=x"-9

,3)

Ty 2

(0,0)_| 1 T | I]IO =
- 7\
—(l’ 1) (4’_2)\
B (99_3)

—5F

6. x°+ y=9
x-intercepts: y-intercept:

Chapter 1 Test

9 02 +y=9
x°=9 y=9
+

The intercepts are (—3,0), (3,0), and (0,9).
Test x-axis symmetry: Let y =—-y
o+ (— 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=-y
2
(=x)" +(-y)=9

x> —y =9 different

Therefore, the graph will have y-axis symmetry.

. Slope = -2 ; containing (3,—4)

y=y =mx—x)

Y= (=4 =-2(x-3)
y+4=-2x+6
y=-2x+2

4

([}B

| Pt ] e
-3

(L.0)

B

=

||:11:</r:||,_

(3. )

A

(x=h)+(y=k)* =r’
(x=4) +(y-(=3))* =5
(x—4) +(y+3)° =25
General form: ()c—4)2 +(y+3)2 =25
x> —8x+16+y*+6y+9=25
x2+y2—8x+6y:O

x4+ y +4x-2y-4=0
X +4x+yr—2y=4

(X +dx+4)+ (Y2 —2y+1) =4 +4+1
(x+2+(y-1)*=3"

Center: (-2, 1); Radius =3
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Chapter 1: Graphs

Perpendicular line

y Any line perpendicular to 2x+3y =6 has slope
5: m:%. The line contains (0, 3) :
-2, r y=y =mx—x)
A N I 3
_ / 5 X y—3—E(X—0)
B 3
B —-3==—x
5_ ’ 2
y:%x+3
10. 2x+3y=6
3y=-2x+6
2
=——x+2
Y73

Parallel line
Any line parallel to 2x+3y =6 has slope

m= —% . The line contains (1,—1):
Y=y =m(x—x)

y-(D=-2-1)

y+1:—2x+g
33

2 1
R

Chapter 1 Project

Internet-based Project

64
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Chapter 2

Functions and Their Graphs

Section 2.1

1.

10.

11.

12.

13.

14.

15.

(-1.3)

—12+10-1
2

_B or 21% or 21.5
2

We must not allow the denominator to be 0.
x+4# 0= x#—4; Domain: {x|x # —4}.

3-2x>5

—2x>2

x<-1
Solution set: {x|x<—1} or (—0,-1)

-~ —
-1 0

\/§+2

radicals

independent; dependent
a

c

False; g+ 0

False; every function is a relation, but not every
relation is a function. For example, the relation

x*+y* =1 is not a function.

verbally, numerically, graphically, algebraically

False; if the domain is not specified, we assume
it is the largest set of real numbers for which the
value of fis a real number.

False; if x is in the domain of a function f, we say
that f'is defined at x, or f{x) exists.

difference quotient

16.

17.

18.

19.

20.

21.

22.

23.

explicitly

a. Domain: {0,22,40,70,100} in C°
Range: {1.031, 1.121, 1.229, 1.305, 1.411} in
kg/m?

Density, kg/m3

0 ——— 1411

Temperature, °C

22 ————> 1.305
4) — 1229
70 — 1121

100 ——— 1.031

c. {(0, 1.411), (22, 1.305), (40, 1.229), (70, 1.121),
(100, 1.031)}

a. Domain: {1.80, 1.78, 1.77}
Range: {87.1, 86.9, 92.0, 84.1, 86.4}
b.

Height, meters Weight, kg
1.77 i: 83.0
84.1
1.78 ———> 869
86.4

1.80 4 87.1

c. {(1.80,87.1), (1.78, 86.9), (1.7, 83.0),
(1.77, 84.1), (1.80, 86.4)}

Domain: {Elvis, Colleen, Kaleigh, Marissa}
Range: {Jan. 8, Mar. 15, Sept. 17}
Function

Domain: {Bob, John, Chuck}
Range: {Beth, Diane, Linda, Marcia}
Not a function

Domain: {20, 30, 40}
Range: {200, 300, 350, 425}
Not a function

Domain: {Less than 9 grade, 9"'-12% grade,

High School Graduate, Some College, College

Graduate}

Range: {$18,120, $23,251, $36,055, $45,810,
$67,165}

Function

Domain: {-3, 2, 4}

Range: {6, 9, 10}
Not a function
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Chapter 2: Functions and Their Graphs

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.

Graph y = 1 . The graph passes the Vertical-
X

Line Test. Thus, the equation represents a
function.

—

34.

3s.

36.

37.

38.

39.

66

Graph y = |x| . The graph passes the Vertical-

Line Test. Thus, the equation represents a
function.

Solve for y: y=+y8-x"

For x=0, y= 242 Thus, (0, —2x/§) and

(0, 22 ) are on the graph. This is not a function,

since a distinct x-value corresponds to two different
y-values.

y=2v1-2x
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=y?
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+y2 =1
Solve for y: y=+£4J1-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 = Yx . The graph passes the Vertical-

Line Test. Thus, the equation represents a
function.

-

e
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40.

41.

42.

43.

-1
Graph y = 3x-1 . The graph passes the
x+2

Vertical-Line Test. Thus, the equation
represents a function.

——

|y| =2x+3

Solve fory: y=2x+3 ory=—(2x+3)

For x=1,y=5o0ry=-5. Thus, (1,5) and
(1,-5) are on the graph. This is not a function,

since a distinct x-value corresponds to two
different y-values.

x*—4y* =1
Solve for y: x* —4y* =1
4y* =x* -1
x* -1
V==
y_i‘ x* -1
2

For x=\/§,y=i%. Thus, (\/5,%) and

(ﬁ,—%j are on the graph. This is not a

function, since a distinct x-value corresponds to
two different y-values.

(
(

e. f(-1)=3(-1)*+2(-1)-4=3-2-4=-3
(

—x)’ +2(=x)-4=3x" —2x—4

|
=
~
Il
(O8]
—

e —f(x)=—(3x"+2x-4)=-3x" - 2x+4

67

44.

45.

Section 2.1: Functions

. f(x+r1)=3(x+1)° +2(x+1)-4
:3(x2+2x+1)+2x+2—4
=3x2 +6x+3+2x+2-4

=3x% +8x+1
f(2x)=3(2x)" +2(2x) -4 =12x* + 4x—4
F(x+h)=3(x+h) +2(x+h)—4
:3(x2+2xh+h2)+2x+2h—4

=3x? +6xh+3h* +2x+2h—4

a.  f(0)=-2(0)’+0-1=-1

b, f(1)=-2(1)" +1-1=-2

e f(-1)==2(-1) +(-1)-1=-4

d. f(=x)==2(=x)" +(~x)-1=-2x> —~x~1

)

e. —f(x)=—<—2x2+x—l)=2x2—x+1

. f(x+1)==2(x+1)" +(x+1)-1
==2(x” +2x+1)+x+1-1
=-2x" —4x-2+x
=-2x*-3x-2

g f(2x)=-2(2x)" +(2x)-1=-8x* +2x -1

f(x+h)==2(x+h)*+(x+h)-1
==2(x* +2xh+ 17 )+ x+h-1
=—2x" —4xh—2h* +x+h—1

f(x):x2x+1

! f(o):OZOH:%:o

b f(l):121+1:%
R
d f(x)=——=—2
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Chapter 2: Functions and Their Graphs

f. f(x+1):—x+1 d. f(-x)=|-x[+4=|x|+4
(x+1) +1 o r()=—(|x]+4) x|
3 x+1 ) = =T
_x2+2x+1+1 f. f(x+l):|x+1|+4
x+1
T 2 1oc12 g f(2x)=|2x|+4=2|x|+4
. __2x _ % h.  f(x+h)=|x+h|+4
& ) (2x)" +1 4x+1
b (o) 8. 1) =
: - 2 ) 2
(x+h)" +1 X" +2xh+h" +1 N f(O)zm:«@:O
2_
6 10 b ()13
a o)=Ll 1 e F(-1)=y(C1) +(-1)=i-1=40=0
0+4 4 4
P d. f(=x)=(=x)" +(=x) =vx* —x
b. f(1)= —2-0
f() 1+4 5 e. —f(X)=—(\/x2+x)=—\/x2+x
-1’ -1 o
« f(_l):(_1)+4 :g:() f. f(x+1)= (x+1)2+(x+1)
x4 2x 4 l4xrl
(=) -1 A
& )= —x+4  —x+4 =Vx? +3x+2
e ~f(x)=- i s . g f(2x)=J(2x)" +2x =4x® +2x
x+4 x+4
(411 he  f(x+h)=(x+h) +(x+h)
x+1)" -
E f(x+1):(x+1)+4 2+ 2xh+ B 4 x+h
_x2+2x+l—l_x2+2x _2x+1
= 3 = 49. f(x)—3x_5
C(2x)' -1 ax? - PPN (U S S
& )= T v = /) 3(0)-5 0-5 5
_(x+h)2—1_x2+2xh+h2—l b. fl :2(1)+1:ﬂ:i:_§
h. f(x+h)— (x+h)+4 = cthtd () 3(1)_5 _5 _2 B
2(-D)+1 —241 -1 1
47. f(x)=|x|+4 c. f(_l):3(—l)—5_—3—5:—__§
a. f(0)=[0[+4=0+4=4 d f(_x)zz(—x)+1:—2x+1:2x—1
b. f(1)=]1]+4=1+4=5 3(-x)-5 -3x—-5 3x+5
. ~1)=|-1]+4=1+4=5 iy [(2x+1)_=2x-1
¢ f(-1)=|-1[+4=1+ e —f(x) (3x_5j 2

68
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2

x+1)+1 2x+2+1 2x+3

Section 2.1: Functions

2

( x
f. 1)= - - _
S(x+1) 3(x+1)-5 3x+3-5 3x-2 S S =7
f(zx) ~ 2(2x)+1 4x+l Domain: {x| x is any real number}
& S 3(2x)-5  6x-5
X
55. =
b (eenyo 2L 202040 s=3 g
' 3(x+h)-5 3x+3h-5 x> 1620
Xt #16=> x = +4
50. f(x)zl—( 1)2 Domain: {x|x # -4, x = 4]
x+2
2x
1 1.3 56. h(x)=
a. f(O)zl— 2:1——:_ 3
4 4 X2 —4
(O+2) X' —4%0
b. f(1)=1- Lo 1.8 XA x £
(1+2)° 9 9 Domain:
omain: {x|x¢—2,x¢2}
1
e. f(-1)=1- —1--= B
=) (-1+2)7 1 57. F(x)=" 2
X +x
d. f(—x)—l— 1 - X +x#0
(-x+2) x(2+1) %0
2
1 1 x#0, x*=-1
e _f(x):_il_(x+2)2]:(x+2)2 -1 Domain: {x x#0
f. f(x—i—l):l— ! > =1- ! > 58. G(x)= x+4
(x+1+2) (x+3) X —4x
3
. f(zx) | 1 | 1 x —4x#0
. =T == 2
(2x+2)  4(x+1) X(x"=4) =0
| x#0, x> #4
h. f(x-i‘h):l—m x¢0, x =12
x+h+

Domain: {x|x¢ -2, x#0,x# 2}
51. f(x)=-5x+4

Domain: {x| X is any real number}

59. h(x)=+3x-12
3x-12>20
3x>12
x>4
Domain: {x| X 24}

52. f(x)=x*+2

Domain: {x| X is any real number}

x+1
2% +8

Domain: {x| X is any real number}

53. f(x)=

69
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Chapter 2: Functions and Their Graphs

60. G(x)=41-x

Also 3t-21#0

1-x>0 32120
—x -1 3t %21
x<1 t+7

Domain: {x| x < l}

Domain: {t|t >4,t# 7}

X
61. p(x)=—-+—
|2x+3]-1 66. h(z):\/z+3
|2x+3|-1=0 z-2
z+32>0
|2x+3|=1 >3
2x+3=-1 or 2x+3=1 Also z—=2 %0
2x=-4 2x=-2 )
x=-2 x=-1 Domain: {z|22—3,z¢2}
Domain: {x|x¢—2,x¢—l}
67. f(x)=3/5x-4
62. p(x):% Domain: {x|xis anyrealnumber}.
3x-1-4
|3x—l|—4=0 68. g(t)z—l‘2+\/3 2+t
|3x—1|:4 Domain: {t|tis any real number}.
3x—1=—4 or 3x-1=4
t+1
69. M(t)=5——
3x=-3 3x=5 @ Vtz—St—14
x=—1 ] 2 -5t-14=0
3 (t+2)(-7)=0
Domain: {x xi—l,xi%} t+2=0or t-7=0
t=-2 t=7
Domain: {t|t¢—2,x¢7}
X
63. f(x):\/_4
—
x=4>0 70. N(p)=3—L—
>4 27 -98
Domain: {x|x>4} 2p? -98=0
2(p* -49)=0
64. 9 =15 2p+T)(p-7)=0
-x-2>0 p+7=0o0r p-7=0
—x>2 p:—7 p:7
x<-=2

Domain: {x| x< —2}

Domain: {p| pE-T,x# 7}

71. f(x)=3x+4 g(x)=2x-3
65. P()==4 a. (f+2)(xX)=3x+4+2x-3=5x+1
3t-21 . .
Domain: {x| x is any real number} .
t—-4>0

70
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=

72. f(x)=2x+1

a.

b.

(f=8)(x)=(Bx+4)-(2x-3)
=3x+4-2x+3
=x+7
Domain: {x| x is any real number} .
(- @)(x) = (Bx+4)2x-3)
=6x> —9x+8x—12
=6x —x—12
Domain: {x| x is any real number} .

f 3x+4
[ }( V=53

2x—3¢0:>2x¢3:x¢%

d

X#E=).

2
(f+2)3)=53)+1=15+1=16
(f-2)d)=4+7=11

(f-2)(2)=6(2)* —2-12=24-2-12=10

f 0= 3()+4_3+4_ 7
T2)-3 2-3 -1

Domain: }x

=7

g(x)=3x-2
(f+2)(x)=2x+1+3x-2=5x-1
Domain: {x| x is any real number} .
(f—2)x)=2x+1)-(3x-2)
=2x+1-3x+2

=—x+3

Domain: {x| x is any real number} .

(f-g)(x)=2x+DBx-2)
=6x> —4x+3x-2
=6x2—x-2

Domain: {x| x is any real number} .

2

3

2
X#EZ).

d

Domain: {x

Section 2.1: Functions

(f+2)3)=53)-1=15-1=14

f. (f-g)4)=—4+3=-1

g (f-2)2)=602)-2-2
=6(4)-2-2
=24-2-2=20

. (1}(1):2(1)+1:ﬂ:§:3

g 3h-2 3-2 1
73, f(x)=x-1  g(x)=2x
a. (f+g)(x):x—l+2x2:2x2+x—l
Domain: {x| x is any real number} .

b. (f-g)x)=(x-D-(2x%)
=x—1-2x*
=-2x" +x-1

Domain: {x| x is any real number} .

c. (f-2)x)=(x-1)2x*) =2x" —2x

Domain: {x| x is any real number} .
f x—1
d |L|xn="—
(g](X) 2x?
Domain: {x|x¢0}.

e. (f+2)(3)=203)"+3-1
=2(9)+3-1
=18+3-1=20

. (f-9@=-24)"+4-1
=-2(16)+4-1
=-32+4-1=-29

g (f-2(2)=22° -2
=2(8)-2(4)
=16-8=8

h (f]<)_ 1_0 _0_,

g 21 2 2
74, f(x)=2x"+3  g(x)=4x" +1
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a. (f+g)(x)=2x"+3+4x> +1 b. (f-g)(x)=vVx—(Bx—=5)=/x-3x+5
=4x° +2x% +4 Domain: {x|x20}.

Domain: {x| x is any real number} .

e. (f-g)x)=vxBx=5)=3x/x -5Vx

b. (f—g)(x)=<2x2+3)—(4x3+1) Domain: {x|x20}.
=2x2 +3-4x° -1 r Jx
=—4x> +2x% +2 d. (Ej (x) = 3x—5
Domain: {x|x is any real number}. x>0 and 3x-5=#0
5
¢ (f-g)x)=(2x"+3)(4x’ +1) Bx#5=x
=8x° 4122 +2x7 +3 Domain: {x xZOandxié}.
Domain: {x|x is any real number}. 3
d {ij(x):bcz% e (f+2)3)=3+3(3)-5
g 4 +1 =3+9-5=3+4
4x° +1#0
P f. (f-2)@)=V4-34)+5
x3¢—l:x¢3—l=—ﬁ =2-12+5=-5
ooy g (/92)=3N2-5/2
Domain: {x x¢—%}. =6v2-5V2 =42
o (Lo 111
e (/+2)3)=403)"+203)" +4 " le) U 3m-s 35 2 2
=4(27)+2(9)+4
~108+18+4=130 76. f()=|x] gx)=x
f. (f-2)4)=—4(4) +2(4)> +2 a. (f+g)x)=|x|+x
= —4(64)+2(16)+2 Domain: {x| X is any real number}.
=-256+32+2=-222 b. (f—g)(x):|x|—x
g. (f-2)2)=8(2)° +12(2)° +2(2)* +3 Domain: {x|xis any real number}.
=8(32)+12(8)+2(4)+3 ¢ (/@0 =|x|x=x|x|

=256+96+8+3=363 Domain: {x| x is any real number} .

f 207 +3 2()+3 243 5 ’ H
Z 1 = — _ -2 . ~
(gj() 41° +1 4+1 4+1 5 d. (EJ(X)—T

Domain: {x| X # O} .

=

75. f(x)=~x  g(x)=3x-5

a. (f+g)(x)=+x+3x-5
Domain: {x|x20}. f. (f-g@=|4]|-4=4-4=0

g. (f-g2)=2[2|=2-2=4

e. (f+g)3)=[3]+3=3+3=6
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77. f(x)=1+l g(x)=—
X

AL
h. [g](l)— 1 _1_1

1

=

(f+g)(x):1+l+l=1+E
X X X

Domain: {x| X # 0}.

(f -0 =141~ =1

X X

Domain: {x| X # O} .

Section 2.1: Functions

(/)0 =(Va-1)(Va-x)
=v—-x+5x—4

x—1>20 and 4—x>0
x2>1 and —x>—4
x<4
Domain: {x| 1£x£4}.

(fj(x):x/ﬁ x—1

E Va—x Va-x
x—1>20 and 4—-x>0

x>1 and —x>-4

x<4

c. (f.g)(x):[lJrljl:lJriz Domain: {x| 1<x<4}.
x)x x

+

1
x:

1 =V2+1=12+1
i]()—1
* {g ! x 1 3O =\3-0=13

X
Domain: {x|x¢0}. e. (f+g)B3)=+v3-1++v4-3
x+l
x _x+lx_ f. (f-g@)=+4-1-J4-4
1
X
Domain: {x|x#0}. g (/92 =y-(2) +52)-4
=J-4+10-4 =42

e. (f+g)(3):1+z:§

3 —
h. (1J(1)=,/£=\ﬁ:\6:0
f. (f-g)4)=1 g 4-1 %3
1 1 1 1 3
g (fQQ)=or—g=otr=> _ 243 _
2707 2 4 4 W= sWET
fj 2x+3  4x
h | Ll)=1+1=2 ) + _ +
(g M a. (f+g2)x) 3r—2 3,2
_2x+3+4x_6x+3
78. f(x)=+x-1 gx)=~+4-x 3x-2 3x-2
3x=2#0
A (f+@)) =va-T+Vd—x ¥ ,
x=120 and 4—x>0 x#£2>x2 g
x>1 and —x>-4 Domain: {x‘xi%}.

x<4
Domain: {x| 1Sx£4}.
b, (f-g)x)=Vx-1-Vd-x
x—1>20 and 4—-x>0
x>1 and —x>—-4
x<4

Domain: {x| 1<x< 4} .
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2x+3 4x
b (f-@0) =1
2x+3 4x -2x+3
3x-2 3x-2
3x-2=0

2
3x¢23x¢§

2
XF+—r.
3}

2x+3j( 4x j_8x2+12x
3x-2)\3x-2) (3x-2)

Domain: {x

e (f 'g)(x)=(
3x-2#0

3x¢2:>x¢§

2
X#*F—r.
3}

2x+3

Domain: {x

4 [i (x):ﬁ:2x+3.3x—2:2x+3
g C4x 3x-2 4x 4x
3x-2
3x-2#0 and x=#0
3x#2

x#E=
3

Domain: {x

xi% andx;tO}.

6(3)+3 18+3 21

33)-2 9-2 7

e. (f+20)=

B _S2(4)+3 -8+3 -5
L U-a@= 3(4)-2  12-2 10

8(2)* +12(2)
(3(2)-2)
_8(#)+24 32424 56 _7
(6-2° (4 16 2

b [f]()_z(ms 2435
4(1) 4 4

g (f-92)=

80. f(x)=+x+1 g(x):%

a. (f+g)(x):\/x+l+%
X

x+1>20 and x=#0
x>-1
Domain: {x|x2—1, andx;tO}.

b (f =)0 =12

x+1>20 and x#0
x>-1
Domain: {x|x2—1, andx;tO}.

(. (f-g)n)=ail2=2rHl

X

x+1>0 and x¢0
x>-1
Domain: {x|x2—1, andxiO}.

d [fj() Varl_xfxrl
: a 2
X
x+1>20 and x=#0

x>-1

Domain: {x| x>-1,and x # 0} .

2 2 2 8
e. (f+g)(3)—x/3+1+§—\/Z+§—2+§—§

R

e (f )(2)—2“2+ M _

F()=3x+1 <f+g>(x)=6—§x
6—%x:3x+1+g(x)
5—%x=g(x)

7
=5-—
g(x) 5%
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82.

83.

84.

85.

86.

fo)=1 (1)<x)= ]
X g

X" —x
1
x+1  x
P-x gl
! 2
X 1 x"—x
§x)= X+l x xql
x* —x

_ 1 x(x-1) x-1
x  x+1 x+1

f(x)=4x+3
Sx+h)—f(x) 4x+h)+3-(4x+3)
h B h
_dx+4h+3-4x-3
B h
_4h_,
h
f(x)=-3x+1
F+h) = f(x)  =3(x+h)+1—(-3x+1)
h - h
_ 3x-3h+1+3x-1
- h
_3h_
h
f)=x"-4
fx+h)-f(x)
h
C(x+h)’ 4= -4)
B h
B X2+ 2xh+h* —4-x*+4
B h
C2xh+
ok
=2x+h
f(x)=3x*+2

75

Se+h) = f(x)

h

Section 2.1: Functions

C3(x+h) +2-(3x7 +2)

3% +6xh 4307 +2-3x7 -2

_ 6xh+3h°
h
=6x+3h

87. f(x)=x-x+4
PACRIDRPAC))

h

@R () 4= —x+4)

X H2xh+ R —x—h+4-x"+x-4

_2xh+h*—h

h
=2x+h-1

88. f(x)=3x"-2x+6
f(x+h)=f(x)

h

[3(x+h)2—2(x+h)+6}—[3x2—2x+6}

3(x2+2xh+h2)—2x—2h+6—3x2+2x—6

h

_ 3x" +6xh+3h —2h—3x> _ 6xh+3h” - 2h

=6x+3h-2
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89. f(x)_m

5 5

SOt h) = f @) _

Ax+h)-3 4x-3

h h

5(4x—3)=5(4(x +h)-3)

(4(x+ h)—3)(4x—3)

h

_(20x+15—20x—15—20h

(4(x +h) —3)(4x—3)

—20h

={(4(x+h)—3)(4x—3)

-20

" (4(x+h)—3)(4x—

90. f(x) = m

1 1
SO+ =f(X) _ x+h+3 x+3
h h
x+3—(x+3+h)
_(x+h+3)(x+3)
h

x+3-x-3-h

—h

=t
(x+h+3)(x+3)

3)

|
|

1

P
P

1

|

1
h

X
P

1
h

P

76

91. fy=-2
x+3
2(x+h) 2x
SO+h)—f() _ x+h+3 x+3
h h
2(x+h)(x+3)—2x(x+3+h)
B (x+h+3)(x+3)
B h
2x% + 6x+ 2hx + 6h — 2x° —6x — 2xh
B (x+h+3)(x+3)
B h
( 6h V(1
_L(x+h+3)(x+3)J[Zj
B 6
_(x+h+3)(x+3)
5x
92. f(x)=x_4
S(x+h)  Sx
f(x+h)—f(x): x+h-4 x—4
h h

S5(x+h)(x—4)=5x(x—4+h)
(x+h—4)(x—4)
h
5x> —20x + 5hx — 20h — 5x° + 20x — 5xh
(x+h—4)(x—4)
h

(i) )
20
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Section 2.1: Functions

93. f(x)=x-2 95. f(x)=—
f(x+h)-f(x) x | |
h _ L
:Jm—m f<x+h;—f(x)=(x+h{ x
\/x+h 2-x-2 Jx+h- 2+Jx 2 xz—(thz
h NX+h=2+/x— _ xz(x+h)
_ x+h-2-x+2 h
W h=2 +x-2) x=(x + 20k +7)
h _ xz(x+h)2
h(\/x+h—2+m) h
. :[lj —2xh—h?
= h 2 2
Jith—2+Jx-2 x(x+h)
:[_Jh( 2x—h)
94. f(x)=+/x+1 h) 2 (x+h)
f(x+h)=f(x) 2x—h —(2x+h)

x2 (x+h)2 - x2 ()c+h)2

h
CNx+h+l—x+1
h

1

96. /(¥)=

:\/x+h+1—\/x+l.\/x+h+l+\/x+1 X+l
h Jx+h+1+/x+1 ! 21
_ xth+l-(x4D) h Setm=f @) _ (x4 +1 541
h(\/x+h+l+\/x+1) h(\/x+h+1+\/x+1) h h
1 X2 +1- ((x+ ) )
NS EN TS (x +1)(x+h)" +1)
h
x2+1—(x2+2xh+h2)—1
P HD((x k) D)
- h

_(lJ ~2xh—h’
)@@ e n((x+h) 1)
(1 h(—2x—h)

- (ZJ G2+ )((x+h) +1)
B —2x—h

(2 +D((x k) +)

_ —(2x+h)
2 +1)((x+h) +1)

77
Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

Chapter 2: Functions and Their Graphs

97, f(x)=V4-x’ 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
- x=4 or x=-2
h
B \/4—(x+h)2 —\/4—x2 \/4—(x+h)2 +\/4—x2 The solution set is: {—2,4}
h JA- (e h)? +44—x A
_ 4-(x+h’-(4-x) 100. a2
2 2
h(\/4—(x+h) —\/4—x ) —l+§:§x
16 4 6
A= (x* +2xh+hP) —(4—x7) 5 7 1
2=t =
BT+ ) 6"~ 16 16
5 5
B —2xh—h? Sx=—
h(\/x+h+1+\/x+l) 56 3
X=——=—
B “2x—h 16 5 8
NZET N P | 1
B —2x+h) The solution set is: {g}

JA-(Ge+h) —Ja—
101, f(x)=2x>+Ax* +4x-5 and f(2)=5

F(2)=2(2)° + AQ2)* +4(2)-5
1

= 5=16+44+8-5
s, ()=
x+2
5=44+19
S+~ f(x) 444
h

q="4_ 7
4 2

1

1
Nx+h+2 x+2 _
h
NX+2—x+h+2

INx+2x+h+2

102. f(x)=3x>—Bx+4 and f(-1)=12:
SED)=3(=1)? - B(-1)+4

12=3+B+4
Nx+2—Jx+h+2 \/x+2+\/x+h+2_ B=5
INx+2x+h+2 Nx+2+~Ix+h+2
X+2—(x+h+2) 3x+8
= 103. f(x)= and £(0)=2
h(x+2Nx+h+2+(x+h+2)x+2 2x—A4
x—h— 3(0)+8
X+2-x—h-2 _ £(0) = (0)
h(x+2)x/x+h+2+(x+h+2)\/x+2 2(0)-4
—h _8
B+ 2\x+h+2 +(x+h+2n/x+2 -
| —-2A4=8
_(x+2)\/x+h+2+(x+h+2)\/x+2 =4
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104.

105.

106.

107.

108.

109.

Section 2.1: Functions

2x-B 1 b. H(x)=15:
00=25 and f)=+ )

X+ 15=20-4.9x"

2(2)-B

2)="""— —5=-4.9x
T®=35)14 ; *

2 10 x ~1.01 seconds

5=4-B H(x)=10:

B=-1 10 =20-4.9x
Let x represent the length of the rectangle. 10 = —4.9x*
Then, % represents the width of the rectangle x* % 2.0408

~1.43 d
since the length is twice the width. The function o Seconas
2 H(x)=5:
for the area is: /l(x)zx-fzx—zlx2 ( )
2 2 2 5=20-4.9x7
Let x represent the length of one of the two equal ~15=-4.9x"
sides. The function for the area is: 2 ~3.0612
A(x):%~x~x:%x2 x ~1.75 seconds
c¢. H(x)=0

Let x represent the number of hours worked. 0=20—4.9:>
The function for the gross salary is: - ’
G(x)=16x -20=-4.9x"

x> ~4.0816

Let x represent the number of items sold.
The function for the gross salary is:
G(x)=10x+100

x =~ 2.02 seconds

110. a. H(1)=20-13(1)" =20—13 =7 meters

a. H(1)=20-49(1) H(1.1)=20-13(1.1)° =20-13(1.21)
=20-4.9=15.1 meters =20-15.73 = 4.27 meters
H(1.1)=20-4.9(1.1)’ H(1.2)=20-13(1.2)" =20-13(1.44)

=20-4.9(1.21) =20-18.72 =1.28 meters
=20-5.929 =14.071 meters b. H(x):15
H(1.2)=20-49(1.2)’ 15 = 20—1322
=20-4.9(1.44) —5=—13x7
=20-7.056 =12.944 meters 2 ~ 03846
x =~ 0.62 seconds
H(x)=10
10=20-13x"
-10 = —13x7
x* ~0.7692

x ~ (.88 seconds
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H(x)zS
5=20-13x"
—15=—13x"
x? ~1.1538
x ~1.07 seconds
c. H(x):O
0=20-13x"
-20=-13x"
x* ~1.5385
x ~1.24 seconds

111. C(x)=100+—
X

500 36,000
500

a. C(SOO)—IOO
=100+50+72
=$222

450 36,000
450

b. C(450)=100+

=100+45+80
=$225

600 36,000

c. C(600)=100+
600

=100+60+60
=$220

400 36,000

d. C(400)=100+
400

=100+40+90
=$230

112, A(x)=4x1-x

N 4_\/17 (42\/_

=—~126ft

b. _: l/_ af
2

—\/_~173ft

113.

114.

115.

116.

117.

118.

119.

N(x)=(1-T)(x)=1(x)-T(x)
a. P(x)=R(x)-C(x)
- (—1.2x2 + 220x) —<0.05x3 2% 4 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

c.  When 15 hundred smartphones are sold, the
profit is $1836.25.

a. P isthe dependent variable; a is the
independent variable
b. P(20)=0.027(20)* —6.530(20) +363.804
=10.8-130.6+363.804
=244.004
In 2015 there are 244.004 million people
who are 20 years of age or older.
c.  P(0)=0.027(0)* —6.530(0) +363.804

=363.804
In 2015 there are 363.804 million people.

a.  R(V)=2.2v;B(v)=0.05" +0.4v-15
D)= R(W»)+ B(v)
=22v+0.05/" +0.4v-15
=0.05" +2.6v—15
b.  D(60) = 0.05(60)" +2.6(60) —15
=180+156—15
=321
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c. The car will need 321 feet to stop once the
impediment is observed.

120. a. h(x):2x

h(a+b)=2(a+b)=2a+2b
=h(a)+h(b)
h(x)=2x has the property.
b. g(x) = x?
g(a+b) = (a+b)2 =a’ +2ab+b*
Since

Section 2.1: Functions

c. F(x):Sx—Z
F(a+b):5(a+b)—2:5a+5b—2
Since
Sa+5b—-2#5a—2+5b-2=F(a)+F(b),

F(x)=>5x-2 does not have the property.

1 1 1
—+—=G G(b
a+b¢a+b (a)+ ()

1
G(x)=— does not have the property.

a2+2ab+b2¢a2+b2:g(a)+g(b), X
g(x)=x* does not have the property.
Sa+h)—f(x) Yx+h-3Ax
h h
1
_(x+h)%—xé
- h
1 ] 2 1 1 2
B (x+h)4 i (x+h)4 +x4(x+h)4 xS
- ' 2 1 1 2
h (x+h)A+xA(x+h)A+xA
_ h
- 2 1 1 2
(x+h)4+xé(x+h)4+xé
_ x+h—x B
N 2 1 1 el 2 1 1 2
h[(x+h)4+xé(x+h)é+xé} h{(x+h)é+xé(x+h)é+xé}
B 1
- 2 1 1 2
(x+h)4+x4(x+h)é+xé
x+4 2
122 f( j=3 -2 123. We need X—HZO. Since x* +1> 0 for all
Sx— 7-3x-1|
Solve 5x+4 =1. real numbers x, we need 7—|3x—1|>0.
s 7—[3x-1]>0
5x—4: |3x—l|<7
x+4=5x-4 -7<3x-1<7
x=2 8
5 2<x<—
Therefore, f(1)=3(2)°-2=10 3

The domain of f'is {x |2<x< g}, or (—2,%)

in interval notation.
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124. No. The domain of f'is

125.

126.
127.

128.

{x| x is any real number} , but the domain of g is
{x| X # —1} .

3x—x°
(your age)

Answers will vary.

(x+12)* +y* =16
x-intercept (y=0):
(x+12)* +0* =16
(x+12)* =16
(x+12)=+4
x=-12+4
x=-16,x=-8
(-16,0),(-8,0)
y-intercept (x=0):
(0+12)* +y* =16
(12)* +y* =16

v =16-144=-128

There are no real solutions so there are no y-
intercepts.

Symmetry: (x+12)* +(-y)* =16
(x+12)*+)* =16

This shows x-axis symmetry.

y= 3x2 —8/x

y=3(-1)2 =8J/-1

There is no solution so (-1,-5) is NOT a solution.

y=3x*- 8/x

y=34) -84
=48-16=32

So (4,32) is a solution.

y= 3x2 —8Jx

y=3(9)> -89
=243-24=219=171

So (9,171) is NOT a solution.

129.

130.

131.

132.

Let x represent the amount of the 7% fat
hamburger added.

% fat | tot. amt. | amt. of fat
20% | 12 (0.20)(12)
7% X (0.07)(x)
15% | 12+x (0.15)(12+x)

(0.20)(12) +(0.07)(x) = (0.15)(12+ )
2.4+0.07x=1.8+0.15x
0.6 =.08x

x=75
7.5 1bs. of the 7% fat hamburger must be added,
producing 19.5 Ibs. of the 15% fat hamburger.

x' —9x=2x"-18

¥ =2x* —9x+18=0
(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
The solution set is: {3,-3,2}

a+bx=ac+d
a—ac=d—bx
a(l-c)=d —bx
_d-bx
C1-c

a

r=kd*
0.4 = k(0.6)*
10

ok
9

Thus,
10 2
r=—(1.5
9( )

=25kg-m’

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

133. 3x-10y=12

~10y =-3x+12
_3,.0
"0 s

The slope of the line is % The slope of a

perpendicular line would be —1? .

(4x* =7)-3-(3x+5)-8x _
(4x* - 7) -
12x% —21—(24x° +40x) _
(4x* - 7) -

134.

12x% —21-24x% —40x _ —12x* —40x-21

(4x* = 7)* (4x* =7)*

_12x2+40x+21

(4x* -7)*

135. Add the powers of x to obtain a degree of 7.

Section 2.2

1. x*+4y* =16
x-intercepts:
X’ +4(0)" =16
x' =16
x=14=>(-4,0),(4,0)

y-intercepts:
(0)" +4)y* =16
4y’ =16
y2 =4
y=42=(0,-2),(0,2)

2. False; x=2y-2
—2=2y-2
0=2y
0=y
The point (—2,0) is on the graph.

10.

11.

12.

Section 2.2: The Graph of a Function

vertical
f(5)=-3
f(x) =ax’ +4

a(-1y +4=2=a=-2

False. The graph must pass the Vertical-Line
Test in order to be the graph of a function.

False; e.g. y= 1 .
X

True

C

a. f(0)=3since (0,3) is on the graph.
f(=6) =-3 since (—6,-3) is on the graph.

b. f(6) =0 since (6, 0) is on the graph.
f(1)=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.

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$ll} or
[—6, 1 1] .

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.

l.  Theline x =35 intersects the graph 1 time.
m. f(x)=3whenx=0andx=4.
n. f(x)=-2whenx=-5andx=38.

a. f(0)=0 since (0,0) is on the graph.
£(6) =0 since (6,0) is on the graph.
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Chapter 2: Functions and Their Graphs

b. f(2)=-2 since (2, —2) is on the graph. ¢. Symmetry about y-axis.

f(-2)=1since (-2, 1) is on the graph. 16. Function

c.  f(3) is negative since / (3) = —1. a. Domain: {x| —n<x< n} :

d. f(-1) is positive since f(—1) ~ 1.0. Range: {y| -1<y< 1}

e. f(x)=0whenx=0,x=4, andx=6. b. Intercepts: (-, 0), (7,0), (0, 0)

f. f(x)<0when0<x<4. c. Symmetry about the origin.

g- The domain of fis {x |-4<x< 6} or 17. Not a function since vertical lines will intersect
[_4, 6] ) the graph in more than one point.

h. The range of fis {y| -2<y< 3} or [-2,3]. a. Domain: {x| x< 0} ;

i.  The x-intercepts are 0, 4, and 6. Range: {y | Y is any real number}

j.  The y-intercept is 0. b. Intercepts: (0,0)

k. Theline y =-1 intersects the graph 2 ¢. Symmetry about the x-axis
times.

L Theli 1 h W1t 18. Not a function since vertical lines will intersect
. e line x =1 1intersects the graph 1 time. the graph in more than one point.
m. f(x)=3whenx=5.
a. Domain: {x| -2<x< 2} ;
n. f(x)=-2whenx=2.
Range: {y|-2<y<2}
13. Not a function since vertical lines will intersect
the graph in more than one point. b. Intercepts: (—2,0)(2,0)(0,-2)(0,2)

¢. Symmetry about the x-axis, y-axis and the

a. Domain: {x| x<-lorx= 1} ; origin
Range: { y| y is any real number} 19. Function
b. Intercepts: (—1,0),(1,0) a. Domain: {x| O<x< 3} ;
c. Symmetry about the x-axis, y-axis and the Range: { y| y <2}
ongin b. Intercepts: (1, 0)
14. Function c. None
a. Domain: {x| x is any real number} ; 20. Function
Range: {y| y> 0} a. Domain: {x| 0<x< 4} :
b. Intercepts: (0,1) Range: {y| 0<y< 3}
c. None b. Intercepts: (0, 0)
15. Function ¢. None
a. Domain: {x| —n<x< n} ; 21. Function
Range: {y| —1<y< 1} a. Domain: {x| X is any real number} ;

Range: {y| y< 2}

b. Intercepts: (—E,Oj, (E,Oj, 0,1)
2 2 b. Intercepts: (-3, 0), (3, 0), (0,2)

84
Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

22,

23.

24,

25.

c. Symmetry about y-axis.

Function

a. Domain: {x| x> —3} ;
Range: {y| y2 0}
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)

¢. 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):3x2+x—2

a.

FO=3(1 +(1)-2=2
The point (—1,2) is on the graph of /.
f(=2)=3(-2)" +(-2)-2=8
The point (-2,8) is on the graph of /.
Solve for x:
2=3x"+x-2

0=3x"+x

0:x(3x+1):x=0,x:—%

(0,-2) and (—%,—2) are on the graph of f .
The domain of f'is {x| x is any real number} .

x-intercepts:
f(x)=0 =3x*+x-2=0

(3x—2)(x+1):0:x= -1

X

W | o

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

26.

27.

Section 2.2: The Graph of a Function

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

a. f(=)=-3(-1)"+5(-1)=-8 %2
The point (—1,2) is not on the graph of /.
b.  f(-2)=-3(-2)" +5(-2)=-22
The point (—2,-22) is on the graph of .
c. Solve for x:
—2=-3x*+5x=3x> -5x-2=0
(Bx+1)(x-2)=0=>x=-1,x=2
(2,-2) and (—%,— ) 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):03 x:O,x:%
f.  y-intercept:
£(0)=-3(0)*+5(0)=0
x+2
X)=
="
3+2 5
a. H=——=-—=%14
AG) 36 3
The point (3,14) is not on the graph of f.
4+2 6
b. 4)y=——=—=-3
/@ 4-6 -2
The point (4,-3) is on the graph of /.
c. Solve for x:
2:x+2
x—6
2x-12=x+2
x=14
(14, 2) is a point on the graph of f .
d. The domain of f'is {x| X # 6} .
e. x-intercepts:

_ x+2
f(x)—0:> o

x+2=0=>x=-2

0

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

29. f(x)=

Chapter 2: Functions and Their Graphs

0+2 1
f. y-intercept: 0)=——=__
Y pt: /(0) 0-6 3
2
28, =22
x+4
’+2 3
S)= =

1+4

5
. 3) .
The point | 1, 3 is on the graph of /.

0°+2
0+4

2
4

1
f(0)= 5

0,

7 N\

The point %j is on the graph of f.

Solve for x:
2
L S N Y
2 x+4

0=2x*-x

x(2x-1)=0=>x=0 or x:%
0 1 and 11 are on the graph of f
"2 2’2 srep '

The domain of 1S {x| X # —4} .

x-intercepts:

x2

_ +2
f(x)70:> x+4

This is impossible, so there are no x-
intercepts.

=0=>x>+2=0

y-intercept:

0°+2 2 1
0 = =—=—
/(0) 0+4 4 2
12x*
x2+1
12-)* 12
D= ="-6
J&h (-1)*+1 2

The point (—1,1) is on the graph of /-

120)* _ 972 _ 486
3)¥+1 10 5

f3)=

The point (3, %) is on the graph of f.

Solve for x:
4
1=—122)C
x°+1
x2+1=12x4
125t -x* _1=0
Gx* x> +1)=0
3x2—1=0:>x=ii=i73

3

(—ﬁ,lj,(g,q are on the graph of 1.

The domain of f'is {x| x is any real number} .
x-intercept:
12x*
f (x) =0=—
x°+1
12x'=0=x=0
y-intercept:

=200

0*+1 0+1

=0

The point (%,—%) is on the graph of /.

_2 _8_
=577

The point (4, 4) is on the graph of /.

Solve for x:
2x

x—2

(-2,1) is a point on the graph of 1 .

1= > x-2=2x=-2=x
The domain of f'is {x|x¢2}.
x-intercept:
2x
X)J=0=>—+=0=2x=0
f( ) x=2
=x=0

y-intercept: f(0)= % =0
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31. a.

(f+2)2)=72)+g(2)=2+1=3

Section 2.2: The Graph of a Function

(5,13.2) , and (15,10) . The complete graph

b. (f+2)#)=f@d)+g(@)=1+(-3)==2 is }given below.
1
c. (f-g)6)=/(6)-g(6)=0-1=-1I 20 |-
N 89,156
d. (g-/)6)=g®)~f()=1-0=1 SE R0
e. (/-92)=r(2)g@2)=2)=2 u i
10 [ (15.10)
4 -
o (LJw-L0. L.
g g4 3 3 T4(0,35)
5 I Y 0 I D W e
0 3 15 20
32. h(x)=-2% 427435
’ 33 h( )——44x2+ +6
a. Wewant A(15)=10. s ETT LT
2
136(15
—#+2.7(15)+3.5=10 44(8)°
v h(8)=——5—+(8)+6
(30,600 _ ) 82186
V2 =———+14
2 _ 900 784
ve ~10.4 feet
v =30 ft/sec
The ball needs to be thrown with an initial 4 (12)2
velocity of 30 feet per second. h(12) - —+ (12) +6
8
126x*
b A(x)=—20 1275435 _ 6336 o
30 784
which simplifies to ~99 feet
h(x)= ~ 22 P i27x435
225 From part (a) we know the point (8,10.4) is
¢.  Using the velocity from part (b), on the graph and from part (b) we know the
h(9) _ _£(9)2 +2.7(9)+3.5 =15.56 ft point (12,99) is on the graph. We could
2,25 evaluate the function at several more values
The ball will be 15.56 feet above the floor ofx(e.g. x=0, x=15,and x=20) to
when it has traveled 9 feet in front of the ob tain.ac.i ditiona:l oints,
foul line. 2 P .
d. Select several values for x and use these to h(O) = 44(0) + (0) +6=6
find the corresponding values for 4. Use the 287
results to form ordered pairs (x, h) . Plot the 44( 1 5)2

points and connect with a smooth curve.
34

h(0)= —E(o)2 +2.7(0)+3.5=35 ft
34 \2

h(5)= —2—25(5) +2.7(5)+3.5~132 ft

h(15)= —22—245(15)2 +2.7(15)+3.5~10 fi

Thus, some points on the graph are (0,3.5) ,

h(15)= e +(15)+6~8.4

2
h(20)= —%qzo)w ~3.6
Some additional points are (0,6) s (15,8.4)

and (20,3.6) . The complete graph is given
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Chapter 2: Functions and Their Graphs

below.
h

15

(8,10.4)

10

(15.8.4)

(12,9.9)

(0,6)

h
TTTTT
—
)
)
o3
—

LU T
10 15 20 25

I B |
[0} 2

2
h(15) :—%+(15)+6 ~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.

2
10:—44(125) +(15)+6
\%
2
_11:_44(125)
\%
Vv =4(225)
v’ =900
v=30 ft/sec

The ball must be shot with an initial velocity
of 30 feet per second in order to go through
the hoop.

34, A(x)=4x1-x>

a.

Domain of A(x) = 4xy 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.

88

b.

C.

®

b.

e

Solve: 1-x*>0
(1+x)(1—x)>0

Casel: I+x>0 and 1-x>0
x>-1 and x<l1

(ie. —1<x<1)
Case2: 1+x<0 and 1-x<0
x<-1 and x>1

(which is impossible)
Therefore the domain of 4 is {x| O<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
maximize the cross-sectional area.

-32(100)*
307

_7320,000 160 ~ 81.07 feet

16,900

h(100) = +100

_ 2
32(3(;0) N
30
~2,880,000

=———+300~129.59 feet
16,900

h(300) = 300

-32(500)*
307

~ —8,000,000

16,900

+500

h(500)

+500 ~ 26.63 feet
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The ball is about 26.63 feet high after it has
traveled 500 feet.

-32x°
130°

Solving h(x) = +x=0

-32x?
7 +
130

x(_3zx+1j=0
130°

—-32x
30°

x=0 or +1=0

32x
===
130

130% =32x

2
x= 130 =528.13 feet
32

Therefore, the golf ball travels 528.13 feet.

3242

130° o

=
150

0 600
-5
Use INTERSECT on the graphs of
-32x7

=————+x and =90.
N 1302 V2

150
TN

Inkerseckion
HEiiEnFiEm .-,-=5.;.>,_ 600

-5
150

(=]

PN

Inkerseckian
HEULTNELEL .-,-=5.;.>,_ 600

=5
The ball reaches a height of 90 feet twice.
The first time is when the ball has traveled
approximately 115.07 feet, and the second
time is when the ball has traveled about
413.05 feet.

(=]

89

Section 2.2: The Graph of a Function

g. The ball travels approximately 275 feet
before it reaches its maximum height of
approximately 131.8 feet.

A |
T | 12426
ey 1z8.1Y4

1z1.66

1z1.8
0 1z8.E8
2k 1zE
ER 118.05
=275

h. The ball travels approximately 264 feet
before it reaches its maximum height of
approximately 132.03 feet.

A ' o Pl

an 1Ze BN 1ze

&l 1zeal 61 1zz.0l

B2 2BE 1zz0z

B £BF

g1 | 13z.07 £

ak 1ze03 Bt 1zo03

=1 1Ze02 E41 1zz.0z
1=132. 8291 12426) M1=132. 631242604
= '

a0 13z

a1 1zl

Bz 120z

| 120z

64

1

1] 1208 ]_
1=132. 29585739

4000 Y’
36. Wh)y=m| ———
4000+
a. h=14110 feet ~2.67 miles;
2
W(2.67)=120 __4000 ~119.84
4000+ 2.67
On Pike's Peak, Amy will weigh about
119.84 pounds.
b. Graphing:

120
o s

119.5

c. Createa TABLE:

H Nl A il
| 120 4 1i5.88
£ i1i8.87 - 1i8.85
1 119.9y E 1i9.8:

1.t 1i9.81 z.E 1i8.78

L |l i

¥ FEEN:F Pl | 1155

=K =5
The weight W will vary from 120 pounds to
about 119.7 pounds.

d. By refining the table, Amy will weigh

119.95 lbs at a height of about 0.83 miles
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37. C(x)=100+—+
10

38.

c.

®

(4382 feet).
A Ik i Il

.5 118,87 i 119,895

A 11835 B 118.8E

l;- iigac e

g 1i98c Ay 119.89c

i 1188y HE 11885

ii 1188z [ 1138E

=. 5 1=119.956021 5496

Yes, 4382 feet is reasonable.

x 36000
X
C(480) = 100+@+M
10 480
=$223
600 36000
C(600) =100+ —+——
10 600
=$220
{x | x> O}
Graphing:
500
e

0 1000
0

TblStart =0; ATbl =50

AT 1
0 EROR
£y RS
Ton | 4Pg
1e0 | EE
fon | F00
feo | af
Fan | Eoo
i1 B1EA+H.71A+36H. )

The cost per passenger is minimized to
about $220 when the ground speed is
roughly 600 miles per hour.

# bkl

TR ES

Enn | zzE
EEN.NE
EED

Eoo | E20.28

noo | EELAE

L

=5[]

=J=JEn T

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.

C(10)=19,000

It costs the company $19,000 to produce 10
computers in a day.

920

39.

40.

°

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.

C(0)=850

It costs $50 if you use 0 gigabytes.
C(5)=350

It costs $50 if you use 5 gigabytes.
C(15)=8$150

It costs $90 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.

g(-2)=5=f(-2)=4

Since f(-2) = (-2)* -4(-2)+c

=12+c¢

we have
L2+c_, 5
12+c¢ _9

3
124¢=27
c=15

f(3)=3"-4-3+15=12
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41.

42.

43.

44.

45.

46.

47.

g(5)=5"+n=25+n
f(g(5)=f(25+n)=+25+n+2=4
so, V25+n =2

25+n=4
n=-21

g(n)=n*+n= (21 +(-21)=420.

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
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=7.
(&) IIL; (b) IV; (¢) I; (d) V; (e) 1I

(a) II; (b) V; (c) IV; (d) III; (e) I

¥
(22, 5)
o~ 5_
2
g 4
=
& 3t
t 5,2)
2
2 7. 0)
a L
29,0
[ IIIIIII(I’I)II_X
6,0y 10 20 30

Time (in minutes)

48.

49.

50.

Distance (in feet)

Section 2.2: The Graph of a Function

¥
20,000 - (78, 19,000)
15,000
10,000 —
L (33,9000) (48, 9000)
5000
= (13, 4000)
= #(10, 2000)
1000 p
I I I ) A |
5 20 40 60 0

Time (in minutes)

2 hours elapsed; Sobia was between 0 and 3
miles from home.

0.5 hours elapsed; Sobia was 3 miles from
home.

0.3 hours elapsed; Sobia was between 0 and
3 miles from home.

0.2 hours elapsed; Sobia was at home.

0.9 hours elapsed; Sobia was between 0 and
2.8 miles from home.

0.3 hours elapsed; Sobia was 2.8 miles from
home.

1.1 hours elapsed; Sobia was between 0 and
2.8 miles from home.

The farthest distance Sobia is from home is
3 miles.

Sobia returned home 2 times.

Michael travels fastest between 7 and 7.4
minutes. That is, (7,7.4) .

Michael's speed is zero between 4.2 and 6
minutes. That is, (4.2,6).

Between 0 and 2 minutes, Michael's speed
increased from 0 to 30 miles/hour.

Between 4.2 and 6 minutes, Michael was
stopped (i.e, his speed was 0 miles/hour).

Between 7 and 7.4 minutes, Michael was
traveling at a steady rate of 50 miles/hour.

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).
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Chapter 2: Functions and Their Graphs

51. Answers (graphs) will vary. Points of the form
(5, y) and of the form (x, 0) cannot be on the

graph of the function. 60. The car traveling north travels a distance or 25t
and the car traveling west travels a distance of
52. The only such function is f(x)=0 because it is 35t where t is the time of travel. Using the

Pythagorean we have:

the only function for which f'(x)=—/(x). Any 40° = (350)° + (250)°

other such graph would fail the Vertical-Line

Test. 1600 = 1225¢% + 625¢°
2
53. Answers may vary. 1600 = 1850¢
2 _
54, f(x—2)=—(x—2)> +(x—2)—3 1 =08649
) t =0.93 hours
=" —dx+4)+x-2-3 Converting to minutes we have
= x> +5x-9 0.93(60) = 55.8 minutes
55. d =+/(1-3)> +(0—(~6)) 61. 3x+4<7 and 5-2x<13
= (-2)% +(-6)? 3x<3 —2x<8
<1 >—4
= J4+36 = /40 = 2410 * *
The solution set is (—4,1].
56. y—4=§(x—(—6)) (1]
2 —_— —_— —_—
y—4:2x+4 62. (5x"—-Tx+2)—(8x-10)
3 =52 —Tx+2-8x+10
2 2
y=3x+8 =5x? —15x+12
57. Since the function contains a cube root then the 63. [_3’10]
domain is:
(—00)

2
58. {1(—12)} ~36
2 Section 2.3

5 \/}_\/8.\/%\/6: 1. 2<x<5
Cox=6 Jx+o
Ay 8-3 5
x—6 1 2. slope = ——===1

_ A 3-(-2) 5

(x=6)(Vx+v6) x+v6
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

92
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10.

11.

12.

13.

14.

15.

16.

17.

18.

origin: x - —x and y - -y
(-3)= (-2 -1
—}H:sz—l
y= —5x* +1 different

The equation has symmetry with respect to the
y-axis only.

y=n :m(x_xl)
y—(-2)=5(x-3)
y+2:5(x—3)

y=x*-9
x-intercepts:
0=x"-9
=95 x=43
y-intercept:
y=(0y-9=-9

The intercepts are (-3,0), (3,0), and (0,-9).
increasing

even; odd

True

True

False; odd functions are symmetric with respect
to the origin. Even functions are symmetric with
respect to the y-axis.

c

d

Yes

No, it is increasing.

No

Yes

f is increasing on the intervals

[-8,-2].[0.2].[5.7].

f is decreasing on the intervals:
[-10,-8],[-2,0].[2,5].

19.

20.

21.

22.

Section 2.3: Properties of Functions

Yes. The local maximum at x =2 is 10.

No. There is a local minimum at x =5 ; the local
minimum is 0.

f haslocal maximaat x=—2andx=2. The
local maxima are 6 and 10, respectively.

f haslocal minimaat x=-8 x=0andx=5.
The local minima are —4, 0, and 0, respectively.

23. f has absolute minimum of —4 at x = -8.
24. f has absolute maximum of 10 atx = 2.
25. a. Intercepts: (-2, 0), (2, 0), and (0, 3).

26.

27.

28.

93

b. Domain: {x|—4£xs4} or [-4,4];
Range: {y|0£y$3} or [O, 3].

c. 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.

a. 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] .

c. Increasing: [-1, 0] and [1, 3];
Decreasing: [-3, —1] and [0, 1].

d. Since the graph is symmetric with respect to
the y-axis, the function is even.

a. Intercepts: (0, 1).

b. Domain: {x| x is any real number} ;
Range: {y| ¥ > 0} or (0,00).

c. Increasing: (—oo,); Decreasing: never.

d. Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

a. Intercepts: (1, 0).
b. Domain: {x| x> 0} or (O, ®);
Range: { y| v is any real number} .

c. Increasing: [0,00); Decreasing: never.
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29.

30.

31.

32.

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), (,0), and (0,0) .
Domain: {x| —nt<x< TC} or [-m, m];

Range: {y|—1£y£1} or [-1,1].

Increasing: | —~, L.
g' 25 2 b
. T b
D -m-Zand | 2,1 ).
ecreasing [ T, 2} an {2, n}

Since the graph is symmetric with respect to
the origin, the function is odd.

Intercepts: (—%, Oj, (g, Oj, and (0,1).

Domain: {x| —nt<x< n} or [-m, m];
Range: {y| —-1<y< 1} or [—1, 1] .
Increasing: [-m, 0]; Decreasing: [0, 7].

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

(1 5 1
Intercepts: (3,0),(2,0j, and (0, 2].

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 [O, 2] ;
Decreasing: [2,3]; Constant: [-2,0].

33.

34.

3s.

36.

37.

38.

39.

40.

41.

94

d. Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

a. [ has alocal maximum value of 3 at x =0.

b. f has alocal minimum value of 0 at both
x=-2andx=2.

a. [ hasalocal maximum value of 2 at x =0.

b. f has alocal minimum value of 0 at both

x=-landx =1.

a. [ has alocal maximum value of 1 at

Vil
xX==.
2
b. f has alocal minimum value of —1 at
v X
ok

a. f has alocal maximum value of 1 at x =0.

b. f has alocal minimum value of —1 both at
x=-m and x=7.

f0)=4x"
S0 =4(-x) = —4x* =~/ (x)
Therefore, f is odd.

f(x)=2x*-x*
f(=x)=2(=x)" = (—x)* =2x" = x7 = f(x)

Therefore, f iseven.

g(x) =10—x?
g(-0) =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)=~—-4x = —J4x = —F(x)

Therefore, F is odd.
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42.

43.

44.

45.

46.

47.

48.

49.

50.

G(x) = Jx

G(-x) =v-x

G is neither even nor odd.
f(x)= x+| X |

S(=x) = =x+] x| =—x+| x|

f is neither even nor odd.

F(x)=v2x% +1
Fx) = P22 +1=2x> +1 = £ (x)

Therefore, f is even.

1
xX) =
&(x) x* +8

1
(-x)* +8 2 +8
Therefore, g is even.

g(-x)= =g(x)

X

2
x° =

h(=x)=

h(x) =

—X —X

=~h(x)

(-x)?-1 x*-1

Therefore, A is odd.

3
—X

3x2 -9

—(—x)3 ~ 3 ~
3(-x)> -9 3x*-9
Therefore, 4 is odd.

h(x) =

h(~x) =

—h(x)

F(x):2_x
H
2(—x) —2x
F(-x)="0 22 F(x
= T

Therefore, F is odd.

f has an absolute maximum of 4 at x =1.

f has an absolute minimum of 1 at x =5.

f has an local maximum value of 3 at x =3.

f has an local minimum value of 2 at x = 2.

f has an absolute maximum of 4 at x =4.

f has an absolute minimum of 0 at x =5.

f has an local maximum value of 4 at x =4.

f has an local minimum value of 1 at x =1.

51.

52.

53.

54.

5S.

56.

57.

95

Section 2.3: Properties of Functions

f has an absolute minimum of 1 at x=1.
/f has an absolute maximum of 4 at x = 3.
/ has an local minimum value of 1 at x=1.

/ has an local maximum value of 4 at x = 3.

/ has an absolute minimum of 1 at x =0.
/ has no absolute maximum.
/f has no local minimum.

/ has no local maximum.

/ has an absolute minimum of 0 at x =0.

/ has no absolute maximum.

/ has an local minimum value of 0 at x =0.
/f has an local minimum value of 2 at x = 3.
/ has an local maximum value of 3 at x = 2.
f has an absolute maximum of 4 at x =2.

/ has no absolute minimum.

f has an local maximum value of 4 at x = 2.

/ has an local minimum value of 2 at x = 0.

/ has no absolute maximum or minimum.

f has no local maximum or minimum.

/ has no absolute maximum or minimum.

/ has no local maximum or minimum.

f(x)=x"=3x+2 on the interval (-2,2)
Use MAXIMUM and MINIMUM on the graph
of y,=x* —3x+2.

Haxirur x
1=-.9898877 Y=Yy

U "
4=.5988877 [V=1.55E 11
-5
local maximum: f(-1) =4

local minimum: (1) =0
fis increasing on: [—2,—1] and [1,2] ;

fis decreasing on:[-1,1]
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58. f(x)=x’-3x>+5 on the interval (-1,3)
Use MAXIMUM and MINIMUM on the graph
of y,=x>=3x" +5.

10
local maximum: f(0) =5

local minimum: £(2) =1
fis increasing on:[-1,0] and [2,3];

fis decreasing on:[0,2]

59. f(x)=x"—x" on the interval (-2,2)

Use MAXIMUM and MINIMUM on the graph

of yy=x"—x".

0.5

5 if‘x_ “‘J )

Hazxi
W=-7P4EREE [v=1B59032

-0.5
0.5

™

-2 2
T~

Hinimuny

W=.PPYERFE  IV=- 1BE90:Z
-0.5

local maximum: f(-0.77) =0.19
local minimum: £(0.77) = -0.19
fis increasing on: [-2,-0.77] and [0.77,2];
fis decreasing on: [-0.77,0.77]

60. f(x)=x"-x" on the interval (-2,2)
Use MAXIMUM and MINIMUM on the graph

of y, =x*—x*.

Hiniraurn
Rt DU I e

2
| !
-
! |
III' III
2 — — 2
Hoairur
w=-1.1zBE-8 I¥=-1.ZE-ic
-1
2
|
o lll |
|
! /
[} |I
1 )
2 —= —* 2
S T
Hinimium
A= s0finanE |Y=- gk

local maximum: f(0) =0

local minimum:
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]

61. 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.

4

_6 " e,

Hiniraur -
W=-:.7EBEFE

y=-1B.B91EE
30

Ll

Haxiraurm x
A=1.76BE7ES V= -1.9087EY4
-30

local maximum: f(1.77) = -1.91
local minimum: f(-3.77) = —18.89

/fis increasing on:[-3.77,1.77] ;
fis decreasing on:[—6,-3.77] and [1.77,4]
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62. 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.

", -

R 1
Haximun II| x
W AREZNEE W=Z E4BZBTE

3
local maximum: f(2.16) = 3.25

local minimum: f(—1.16) = —4.05
fis increasing on:[-1.16,2.16];
fis decreasing on:[—4,-1.16] and [2.16,5]

63. f(x)=025x"+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|I .-'
Y A
. o
. -~
T
I Hinirurm ¥
w=-1.B65088 Y= 94804288

2

L .
" e
ey
3 .
Haximur <J?
w=1.1B4E-8 Y==
-2
! N
II'I ‘__."
Y F__.a-'_ [ ——
L
3 -
“|Hiniraura <2
W=.98E08BA: Y=z.a4HzHZ1
2

local maximum: f(0) =3

local minimum:

Section 2.3: Properties of Functions

£(~1.87)=0.95, £(0.97) = 2.65
fis increasing on: [-1.87,0] and [0.97,2];
fis decreasing on: [-3,-1.87] and [0,0.97]

64. f(x)=-0.4x"-0.5x’ +0.8x* -2 on the
interval (-3,2)
Use MAXIMUM and MINIMUM on the graph
of y, =—0.4x* —0.5x" +0.8x* - 2.

2
3w e 2
o T—
i "

! N

I l'|

{
Haxiraur x
n=-1.E7x16el v=-.R2xx0H6

-10
2
<] b — 2
A /S
i ¥ "y
Iy ",

! .

! h
Hinirur x
H=-BEzdlE-F Y=ok

-10
2
3 2
T -
i i L
III 1\_
f !

! !
Hiaxirur by
w=.6xFa6191 Y=-1.B7048

-10
local maxima: f(-1.57)=-0.52,
7(0.64) = —1.87

local minimum: (0,-2) £(0) = -2
fis increasing on: [-3,-1.57] and [0,0.64] ;
fis 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
7(2)-7(0) (—2(2)2+4)—(—2(0)2+4)
2-0 2
_(HA)-(4)_-s_,
2
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b. Average rate of change of f from x =1 to

x=3:
F3)-1(1) (—2(3)2 +4)—(—2(1)2 +4)
3-1 2
C9)-() 16
= 5 ==
c. Average rate of change of ffrom x =1 to
x=4:
r(4)-r(1) (—2(4)2 +4)—(—2(1)2 +4)
4-1 3

66. f(x)=—x"+1
a. Average rate of change of f from x = 0 to

x=2:
7(2)-1(0)_ (- 1) (0]
2-0 2
-7-1_-8
T
b. Average rate of change of ffrom x =1 to
x=3:
73)-r(1)_(-67 1) (-0’
3-1 2
c. Average rate of change of f from x =—-1 to
x=1:
7= _ O 1)-(-C)
1-(-1) 2
0-2 2
=3 3!

67. g(x)=x3—4x+7

a. Average rate of change of g from x=-3 to

x=-2:
g(-2)-g(-3)
-2-(-3)

98

b. Average rate of change of g from x =-1 to

x=1:
g()-g(-1)
1-(-1)
) [(1)3 _4(1)+7}_[(_1)3 _4(_1)+7}
2
_4)-00)_-6_,
2 2
c. Average rate of change of g from x =1 to
x=3:
g(3)-g()
3-1
) (3 =4(3)+7]-[ (1) -4(1)+7]
2
)-(4) 18,
2

68. h(x)=x"—2x+3

a. Average rate of change of 4 from x =-1 to

x=1:
h(1)—h(-1)
w
) [(1)2 —2(1)+3J—[(—1)2 —2(—1)+3}
2
@6 _4_,
2 2
b. Average rate of change of 2 from x =0 to
x=2:
1(2)-h(0)
2-0
) (2 ~2(2)+3]-[ (0" ~2(0)+3]
2
00 0,
2 2
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c. Average rate of change of 4 from x =2 to

x=5:
h(s)-h(2)
5-2
) (57 -2(5)+3]-| (2" ~2(2)+3]
3
_(18)-(3) _15 _,
3

69. f(x)=5x-2
a. Average rate of change of f from 1 to 3:

Ay _S(3)-/(1) _13-3_10

= = —= 5
Ax 3-1 3-1 2
Thus, the average rate of change of f from 1
to3is 5.

b. From (a), the slope of the secant line joining
(L £(1)) and (3,£(3)) is 5. We use the
point-slope form to find the equation of the
secant line:

V=Y = My, (x_xl)
y-3=5(x-1)
y—=3=5x-5

y=5x-2

70. f(x) =—4x+1

a. Average rate of change of f'from 2 to 5:

Ay _S(5)-7(2) _-19-(-7)
A 5-2  5-2

-12
= =
Therefore, the average rate of change of /'

from2to5is —4.

—4

b. From (a), the slope of the secant line joining
(2./(2)) and (5, 7(5)) is —4. We use the

point-slope form to find the equation of the
secant line:

Y=y =g (x—x,)
y—(—7)=—4(x—2)
y+7=-4x+8
y=—4x+1

Section 2.3: Properties of Functions

71. g(x) =x*-2
a. Average rate of change of g from -2 to 1:
Ay _g()-g(2)_ -1-2 3
Ax 1—(—2) 1—(—2) 3
Therefore, the average rate of change of g
from -2 to lis —1.

=-1

b. From (a), the slope of the secant line joining
(—2,g(—2)) and (1,g(1)) is —1.We use the
point-slope form to find the equation of the
secant line:

y=>n :mscc(x_xl)

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

72. g(x) =x’+1
a. Average rate of change of g from —1 to 2:
Ay _g(2)-g(-)_ 5-2 _3_,
Ax 2—(—1) 2—(—1) 3
Therefore, the average rate of change of g
from -1 to2is 1.

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:

V= = My (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)-h(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
(Z,h(Z)) and (4,/1(4)) is 4. We use the

point-slope form to find the equation of the
secant line:

y=>n :mscc(x_xl)
y-0=4(x-2)
y=4x-8
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74. h(x) =-2x*+x

75.

a.

Average rate of change from 0 to 3:
Ay _ h(3)-h(0) _-15-0
Ax 3-0 3-0
b
===
Therefore, the average rate of change of /
from0Oto3is 5.
From (a), the slope of the secant line joining
(0,A(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)

-5

y—0= —5()6—0)
y==5x
g(x) =x*—27x
g(-x)=(~x) ~27(~)
=—x>+27x
= —(x3 —27x)

=—g(x)

Since g(—x) = —g(x) , the function is odd.

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.

S (=) =~(=) +12(x)
=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 = -3 .

f(2)==(-2) +12(-2)=8-24=-16

So there is a local minimum value of —16 at
x=-2.

77. F(x) =—x*+8x*+9

- ()

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
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.

78. G(x)=-x"+32x" +144

a.

100

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 IT 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.
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79. C(x)=03x% +21x—251+

80.

¥ =0.3x% +21x - 251+

2500

|

-300

2500

2500

30

Use MINIMUM. Rounding to the nearest
whole number, the average cost is
minimized when approximately 10
lawnmowers are produced per hour.

2500

0 Hinimupi2————+ « + .,
W=0EEDLEP? W=zZE.BEZEE

=300

The minimum average cost is approximately

$239 per mower.

C(t) =-002¢* +.0397 —

285¢% +.766¢ +.085

Graph the function on a graphing utility and
use the Maximum option from the CALC

menu.
1

Haxirur
W=z ie0nz048 LYY= FEOZEEEL L

0%

The concentration will be highest after about

2.16 hours.

10

Enter the function in Y1 and 0.5 in Y2.
Graph the two equations in the same
window and use the Intersect option from

the CALC menu.
1

a
H

Inkekseckion ™,
W FLZZERLE LY=E

0

10

81.

82.

Section 2.3: Properties of Functions

1

Fan

Inksrseckion )
HEYHEEZYZE LYEE

10
00

After taking the medication, the woman can
feed her child within the first 0.71 hours
(about 42 minutes) or after 4.47 hours (about
4hours 28 minutes) have elapsed.

P(2.5)-P(0)
25-0

_0.18-0.09

©25-0

_0.09

S 25

=0.036 gram per hour

On average, the population is increasing at a
rate of 0.036 gram per hour from 0 to 2.5
hours.

avg. rate of change =

P(6)-P(4.5)
6-4.5

050035

C 6-45

0.15

1.5
= 0.1 gram per hour

avg. rate of change =

On average, the population is increasing at a
rate of 0.1 gram per hour from 4.5 to 6
hours.

The average rate of change is increasing as
time passes. This indicates that the
population is increasing at an increasing
rate.

D)

20 °®

16 [1hd
12 ',f",
8

4

Debt (trillions
of dollars)

2007 2012 2017 Y
Year
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Chapter 2: Functions and Their Graphs

b. 83. f(x)=x’
D a. Average rate of change of ffrom x=0 to
£_ 20 oo x=1:
= £ 16 (1hd SO=/(0) _r-0* _1_,
=T 12 f, 1-0 1 1
:: k= j b. Average rate of change of f from x=0 to
= x=05:

2007 2012 2017 Y

7(0.5)-7(0) (0.57-0> 025 05

Year 0.5-0 05 05
P(2014) _ P(2012) c. Average rate of change of ffrom x=0 to
c. avg.rate of change = x=0.1:
2014-2012 o
9512-9273 S(0-)=7(0) _(0-1) =0° _o001_,
Y 0.1-0 0.1 0.1
_ 239 d. Average rate of change of ffrom x=0 to
2 x=0.01:
=$119.50 dollars/yr f(0.0l)—f(O) (0_01)2 _0?
001-0 0.0l
P(2016)-P(2014
d. avg. rate of change = ( ) ( ) 0.0001
2013-2011 YT
9938-9512 '
= 5 e. Average rate of change of ffrom x=0 to
426 x=0.001: i
B £(0.001)-7(0) _(0.001)" -0?
=$213.00 dollars/yr 0.001-0 0.001
0.000001
P(2018)-P(2016) ©0.001 0.001

e. avg. rate of change =

20162014 f.  Graphing the secant lines:
_10409-9938 i
B 2 , ]
4 [ s
2 . -~ : ey V=X |
=$235.50 dollars/yr L~ l
V=X x
f. The average rate of change is increasing. el
-1
P(2021)-P(2019) |
g. avg. rate of change = oy r;
2021-2019 w, L
9177 -10507 T
= e lH-'___ :F:’.ﬂ'd-
2 -1 o faE |
1330 05
== )

=-$665.00 dollars/yr
The debt decreased.

h. Quarantine from Covid19 most likely had a
effect on spending habits.
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-'l._ R rd
L y=x
", ra
- -~
-1 “— = — |
y=0.1x
x
-1
1
"\._ R rd
o y=x
", .
e -
-1 e -~ 1
v=0.01x
x
-1
1
o ;
wh y = X2
. o
L -
. e -~ |
v=0.001x
x

-1

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.

The slopes of the secant lines are getting
smaller and smaller. They seem to be
approaching the number zero.

84. f(x)=x"

a.

Average rate of change of ffrom x=1 to
x=2:

f(2)-f() _22-17 3 _

2-1 11
Average rate of change of ffrom x =1 to
x=15:

F(L5)-f(1) (15712 125

15-1 05 05

Average rate of change of ffrom x =1 to

x=1.1:

F)-7(1) (11’12 021 o
1.1-1 0.1 01

2.5

Section 2.3: Properties of Functions

Average rate of change of ffrom x =1 to

x=1.01:

f(1on- (1) (1017 -1 00201 501
1.01-1 0.01 001

Average rate of change of ffrom x=1 to

x=1.001:

£(1.001)- £ (1) _(1.001)* -1
1.001-1  0.001
_ 0.002001

0.001

Graphing the secant lines:
5

=2.001

r &
y i
y=3x=2 ri
&
-
g
e
'* \\' = .(z
- ' x
of L= 3
s
s =2 .,;jjf--*’
LA
.-'.2'(.-
) 3
0
i

0 3
0
:
-
0 3
0
i
: . :
AV =2.001x - 1.001
= *
0 3
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Chapter 2: Functions and Their Graphs

g. The secant.lines are beginn'ing to look more ¢. Using point(l, f(l)) - (1’_1) and
and more like the tangent line to the graph .
of fat the point where x =1. slope = -3, we get the secant line:
h. The slopes of the secant lines are getting r- (_1) - —3(x—1)
smaller and smaller. They seem to be y+1=-3x+3
approaching the number 2. y=-3x+2
85. f(x)=2x+5 d. Graphing: s
o G =)
. sec h T, )
:2(x+h)+5—2x—5:%:2 5 _ )
b. When x=1: Ty
h=05=my, =2 :
h=01=>m, =2 The graph and the secant line coincide.
h=001=mg,, =2 5
87. = 2
as h—>0, my, -2 S =x"+2x
Sx+h) - /(%)
c. Using the point (1,f(1)) =(1,7) and slope, A My =T
m =2, we get the secant line: (x+h)? +2(x+h)— (x> +2x)
y-7=2(x-1) - h
y—7=2x-2 _ X +2xh+h’ +2x+2h—x" —2x
y=2x+5 h
2
d. Graphing: _2xh+h" +2h
10 h
. - =2x+h+2
p - b. Whenx=1,
e h=05=>m, =2-1+0.5+2=45
s > h=01=m, =2-140.1+2=4.1
-~ h=0.01=m,, =2-1+0.01+2=4.01
5

h— 0, —52-140+2=4
The graph and the secant line coincide. as Mg,

c. Using point(l,f(l)) = (1,3) and

slope = 4.01, we get the secant line:

86. f(x)=-3x+2

a. Seczw y—3=4.01(x—1)
_ 3(x+h)+2-(3x+2)  -3h _ y-3=401x-4.01
- h = =3 y=401x—1.01
b. Whenx=1, d. Graphing:
h=05=m,, =3 6
h=0.1> Mg, = -3 u f
h=0.01=m, =3 ;
as h—>0, m,, —>-3 e
e
1 — |2
a1
104
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88. f(x)=2x"+x
_SG+h)- ()
sec h
_2(x+ )’ +(x+h)— (2% +x)
h
B 2(x* +2xh+h*)+x+h—2x" —x
- h

_2x% +4xh4 2k x+h—2x —x
- h

=4xh+2h2+h
h
=4x+2h+1

b. Whenx=1,
h=0.5=mg, :4-1+2(0.5)+1:6

h=0.1=>m, =4-1+2(0.1)+1=52
h=0.01= mg, =4-1+2(0.01)+1=5.02
as h—0, my, »>4-1+2(0)+1=5

¢.  Using point (L, £(1))=(1,3) and
slope = 5.02, we get the secant line:
y-=3 :5.02(x—1)
y—3=5.02x-5.02
y=5.02x-2.02

d. Graphing:

89. f(x)=2x*-3x+1

ey LEADI)

2(x+h) =3(x+h)+1-(20" =3x+1)
h
_ 2(x> +2xh+h*)=3x-3h+1-2x> +3x-1

h
22X +4xh 42k =3x-3h+1-2x" +3x -1
N h

_ 4xh+2h% -3k
h
=4x+2h-3

90.

Section 2.3: Properties of Functions

Whenx =1,
h=0.5=mg, :4~1+2(0.5)—3:2

h=01=mg, =4-1+2(0.1)-3=1.2
h=0.01=mg, =4-1+2(0.01)-3=1.02
as h—>0, my, >4-1+2(0)-3=1
Using point(l,f(l)) =(1,0) and
slope = 1.02, we get the secant line:
y-0=1.02(x-1)

y=102x-1.02

Graphing:
2

f(x):—x2+3x—2

a.

S +h) - f()

se¢ h
—(x+h) +3(x+h)=2—(=2" +3x-2)
- h
B —(xz+2xh+hz)+3x+3h—2+x2 -3x+2
h
B —x? =2xh—h* +3x+3h—-2+x> =3x+2
h
_ —2xh—h>+3h
h
=-2x—h+3
Whenx =1,

h=05=>my, =-2-1-0.5+3=0.5
h=01=>mg =-2-1-01+3=09
h=00l=mg, =-2-1-0.01+3=0.99
as h—>0, my, >-2-1-0+3=1

Using point(l,f(l)) =(1,0) and

slope = 0.99, we get the secant line:

y-0=0.99(x-1)
y=0.99x-0.99

Copyright © 2025 Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs

d. Graphing:
2

w L o
-1 "'Fi' 5
P
_{_.-" ! "'..
".I ¢
J I
3
1
91. f(x)=—
X
S ()
sec h
1 1 x—(x+h)
_(x+h_xj_ (x+h)x
T 3
_[x=x—h (lj: _h (lj
(x+h)x h (x+h)x h
~ 1
(x+h)x
b. Whenx=1,
1
h=0.5 _—
= e ST (14 05)(1)
1 2
~5 =5~ 0.667
1
h=0.1 _—
= e T 00)(1)
110
=y 0909
1
=0.01 S
h=001= M =000 0)
1 100
= To1” o1 09
as h—>0, m —;:—1:—1

w T 0)(1) 1

c. Using point(l,f(l)) =(1,1) and

d. Graphing:
3

slope = i?)? we get the secant line:
100
BT SR)
yo1o 100, 100
101 101
__loo 201
BESTTRARTO]

106

o !
e RN
-k,
e
T
-1 e D
-1
1
92. f(x)=—
X
a _ S+~ f(x)
¢ sec h
1 1
+n) 2
- h
x+h2
x+h)2x
~ X’ - x +2xh+h ) (lj
x+h h
| —2xh-h* h2 j
x+h
_ —2x—h _ —2x—h
(x+h)x?  (x* +2xh+ 17 )
b. Whenx=1,
h=05=m, =—21293 10 44y
(1405712 9
h=01=m, =210 210 ) 5355
(1+0.1)" 17 121
h=0.01=m M
(1+0.01)* 12
20,100
~To201 = 19704
as h—>0, msec_>—2~—1;0:_2
(1+0)"1?
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93.

94.

c. Using point(l,f(l)) =(L1) 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

f(2)=12and f(-1) =8, so
f@Q-scH_ 12,

2-(-1) 3
f(x)=4—>
3x? +4x—-1=4
3x? +4x-5=0
L TAENA -A0)E) | 4476
2(3) 6
_—4+2J19 _-2+419
6 3
x= ﬂ ~ —2.1 is outside the interval
x= ﬂ ~.079 is in the interval.

—2+«/@
—

The only such number is

g(—x)=-2 f(—%xj =-2f (gj . Since fis odd,

51
g(=x) = —2f(§] = 2f(—§) =—g(x)

so g is odd.
So g is odd.

Section 2.3: Properties of Functions

95. Answers will vary. One possibility follows:

96. Answers will vary. See solution to Problem 89
for one possibility.

97. 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.

98. An increasing function is a function whose graph
goes up as you read from left to right.

y

A decreasing function is a function whose graph
goes down as you read from left to right.

y

99. To be an even function we need f(—x)= f'(x)

and to be an odd function we need
f(=x)=—/(x). Inorder for a function be both
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Chapter 2: Functions and Their Graphs

100.

101.

102.

103.

104.

105.

106.

even and odd, we would need f'(x)=—/(x).

This is only possible if f(x)=0.

The graph of y =5 is a horizontal line.

[ AIIE Flekz Flets THOOL
=N ES Amin=-3
wNe= Amax=13
wMr= nscl=1
why= Ymin=-18
wNe= “Ymax=1@
“NE= Yel=1
=Nr= Ares=1

The local maximum is y =35 and it occurs at
each x-value in the interval.

Not necessarily. It just means f(5)> f(2).

The function could have both increasing and
decreasing intervals.

f) =) _ b-b _,

Xy =X Xy =X
f@-f(2) _0-0_,
2—(—2) 4

V540 = 36(15) = 64/15

(4a—b)* = (4a—b)(4a—b)
=16a* —4ab—4ab + b*
=16a> —8ab+b*

C(x)=0.80x+40

k
S=7
k
33= E
k=330
330
S=7
330
§=2"
10
S =8.25 days

107.

108.

109.

110.

111.

(x—h)2 -i—(y—k)2 =?
(x=3)*+(y—(-2))’ =(§]

(x—3)2+(y+2)2:%

(x> —2) 2(3x" +1)15x* + (3 +1) 3(x* ~2) 2x
2

x*=2) (327 +1)[ (x - 2) 55+ (3x° +1) |

2 =2) (3x° +1)[5x° ~10x* +3x° +1]

Il
=)}
= =

=
|

2 2) (3¢° +1)[82° ~10x° +1]

2 7 2
s 3 (13
272 ) L 107 2
Bx+7|-3=5
[3x+7|=8

3x+7=-8 or 3x+7=8
3x=-15 3x=1

1
:—5 = —
X X 3

|

W=

The solution set is {—5,

X +7x° =8
X +7x*=8=0
(x3 +8)(x3 -1)=0

X +8=0 or x*-1=0
X =-8 X =1
x=-2 x=1

The solution set is {-2,1}
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112. 3y’ -D+3x" -3xy° -3x’y-D=0
3y*-D-3x"y-D=-3x" +3x)°
D(Sy2 —3x2y) =-3x" +3xp’

=337 4307w’ -x x(y2 —x)
D: 2 2 = 2 2 =
3 -3y Y =Xy y(y-x)
Section 2.4
1. y=Ax
YA
5_
= 4,2
1 1)( . 2)
0,0)
| (I |) T I N
-3 L 7
-5+
2.
3. y=x"-8
y-intercept:
Let x=0, then y=(0)’-8=-8.
x-intercept:
Let y=0,then 0=x"-8
x =8
x=2
The intercepts are (0,—8) and (2,0).
4. (—oo,O)

5. piecewise-defined

Section 2.4: Library of Functions; Piecewise-defined Functions

6.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

109

True

False; the cube root function is odd and
increasing on the interval (—oo,c0).

False; the domain and range of the reciprocal
function are both the set of real numbers except
for 0.

b
a
C
A
E
G
B
D
F
H
f(x)=x
YA
10—
- A
I I | | I | |‘;JC
-10 L (0,0 10
(_41_4) —
10
f(x)=x
YA
20
10
2o\ - few
s 0.0 5
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Chapter 2: Functions and Their Graphs

21, f(x)=x 25. f(x)=3/x
YA YA
101 5t
~ 2, 8) ~
B —(1, 1)
Ll A1 1 Lt i1
-4 L (0,0 4 -5 M/LO 0) 5
I (-1,-D |
(<2,-8) B N
10+ =5
22. f(x)=+x 26. f(x)=3
YA YA
ST 5 _03)
Ca, %2 =5 Lo T
|(|0’|0 AT L B
-3 C 7 ;) B 4 x
N ol
5+

27. a. f(-3)=—(-3)*=-9

= b. f(0)=4
¢ [f(2)=33)-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. £(0)=2(0)+4=4
-2,2) E 2.2) c. f(1)=2(1)+4=6
SR S o )=y 1=
E 30. a. f(-D=(-1)'=-1
s

b. £(0)=(0) =0
c. fMH=3D+2=5

110
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d. f(3)=3(3)+2=11

2x ifx=0

3. f(x):{l 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
1,2)
O, 1)
111 L1 1§
-3 3
=1,-2)
3

d. Range: {y| y# 0} 5 (—o0,0)U(0, )

3x ifx=0

32. f()= {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) .

c. Graph:

d. Range: {y| y# 0} 5 (—o0,0)U (0, 0)

Section 2.4: Library of Functions; Piecewise-defined Functions

ifx<l
ifx>1

-2x+3

33, f(x)= {3x .,

a. Domain: {x| x is any real number}

b. x-intercept: none
y-intercept: f(()) = —2(0) +3=3

The only intercept is (O, 3) .

c¢. Graph:
y
2,4
©,3)
1,1
||||||(||)||>x
-5 5
-5

d. Range: {y|y21}; [1,0)

M. f() x+3 ifx<-2
. X)=
-2x-3 ifx>-2
a. Domain: {x| X is any real number}
b. x+3=0 —2x-3=0
x=-3 -2x=3
3
x=—-2
2

x-intercepts: —3 3
pts: —5, )
y-intercept: f(O) = —2(0) -3=-3

The intercepts are (—3,0), (—%,0] , and

111
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Chapter 2: Functions and Their Graphs

d. Range: {y|y<1}; (-0, 1] ¢. Graph:
¥
: 6
x+3 if —2<x<1 ©, 5)
35. f(x)=15 ifx=1
—x+2  ifx>1 G S T
(=3,-1)
a. Domain: {x| x> —2} ; [-2,0) (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} 5 (—0,5)
x-intercept: 2
I+x ifx<0
y-intercept: f(0)=0+3=3 37. f(x)= 2 Fr>0
The intercepts are (2,0) and (0,3), a. Domain: {x| x is any real number}
¢. Graph: b. 1+x=0 =0
3 ws) x=-1 x=0
5ol . .
20(1’ 4 x-intercepts: —1,0
L y-intercept: f(O) =0°=0
20/ 0(\1I 1)
_5| S B B ls > The intercepts are (—1,0) and (0,0) .
C c. Graph:
L ¥
S+ 2

d. Range: {y|y<4, y=5}; (-, 4)U{5}

2x+5 if —3<x<0

36. f(x)=<-3 ifx=0
—5x ifx>0
a. Domain: {x| X2 —3} ; [-3,0) -2
b. 2x+5=0 —5x=0 d. Range: {y| y is any real number}
2x=-5 x=0 1
: ; ; — ifx<0
B % (not in domain of piece) 38, f(x)=1 x
I ifx20
x-intercept: 5 a. Domain: {x| x is any real number}
y-intercept: f(0)=-3 b, 1.0 fr=0
; 0
. X =
The intercepts are (—E, Oj and (O, —3) . (no solution)
2 x-intercept: 0

y-intercept: f (0) = 3/(_) =0

The only intercept is (O, O) .

112
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Section 2.4: Library of Functions; Piecewise-defined Functions

c. Graph:

d. Range: { y| v is any real number}

|x| if —2<x<0
39. f(x)= R

X ifx>0

a. Domain: {x|—2£x<0andx>0} or
{xlx=-2,x=0}; [-2,0)U(0,0).

b. x-intercept: none
There are no x-intercepts since there are no

values for x such that f (x) =0.
y-intercept:

There is no y-intercept since x =0 is not in
the domain.

c. Graph:

(—2.2)

— (L. 1)

-

I
=]
b —

d. Range: {y|y>0}; (0, )

2—x if —3<x<1

40. =
/e {v@’ ifx>1

a. Domain: {x|—3£x<1andx>1} or

{x|x2-3x=1}; [-3,1)u(L®).

113

2-x=0  Jx=0

2 x=0

=
Il

(not in domain of piece)

no x-intercepts

y-intercept: f(O) =2-0=2

The intercept is (0, 2) .

Graph:
¥
(3.5 sl
B 4.2)
[ I [
-5 B 5
oL

Range: {y|y>1}; (1)

x? ifO0<x<2

f(x)=9x+2 if2<x<5

7 if 25

Domain: {x|x>0}; (0,00).
x2=0
x=0

(not in domain

of piece)
x+2=0 7=0
x==2 (not possible)

(not in domain
of piece)
No intercepts.
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Chapter 2: Functions and Their Graphs

¢. Graph:
A
5, 7)1
,
nanua
110, 0) i

d. Range: {y|0<y$7}; (0,7]

3x+5 if —3<x<0
42. f(x)=<5 if0<x<2

2 +1 ifx>2

a. Domain: {x|x2—3}; [3,00).
b. 3x+5=0 5=0

3 (not possible)

. 5
x-mtercept: —5

y-intercept: f (0) =5

The intercepts are (0,5) and (—%,OJ.

c. Graph:

A

2 +1=0

_ 5 (notpossible) x? = 1

o 10

-\

43.

44.

45.

46.

47.

48.

49.

Answers may vary. One possibility follows:
-Xx if —-1<x<0

S()=11

—X if0<x<2
2

Answers may vary. One possibility follows:

) X if —1<x<0
X)=
1 if0<x<2

Answers may vary. One possibility follows:
1) —X ifx<0
X)=
—-x+2 if0<x<2

Answers may vary. One possibility follows:

_ 2x+2 if —1<x<0
J)= X ifx>0
a. f(1.7)= int(2(1.7)) =int(3.4)=3
b. f(2.8)= int(2(2.8)) =int(5.6) =5
c. f(-3.6)= int(2(—3.6)) =int(-7.2) = -8
a. f(1.2)=int (%) =1int(0.6) =0
b. f(1.6)=int (%) =1int(0.8) =0
c. f(-1.8)=int (%} =int(-0.9) =-1
a.

Y4 2,6)-

X

b. The domain is [0,6].
c. Absolute max: f(2)=6
Absolute min: f(6) = -2
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50. a
YA
(-2,3) 3 2,3)
[
21(0,2)
—+(0,1) -
-2 2 x
2

b. The domain is [-2,2].
c. Absolute max: f(-2)= f(2)=3

Absolute min: none
0.13x+17 if0<x<3
51. C=

0.4x-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=$52.10

3—31nt(1—x) 0<x<2
52. 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.

53. 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

Section 2.4: Library of Functions; Piecewise-defined Functions

54.

115

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=4100+1.5(x—=50) if50<x<200
325+1.15(x—200) if x > 200
Graph:
Yi

300

(]
-
=]
Y
[—]

—
=
=
-
=

Cost (dollars)

(0.0)‘/ 100 200 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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Chapter 2: Functions and Their Graphs

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

Yi
100000

9000)
50000

200000 400000 60000 Xx
Annual Taxable Income

Federal Income Tax

55. For schedule X:

0.10x if 0<x<11,000

1100+ 0.12(x—11,000) if 11,000 < x <44,725
5,175+ 0.22(x —44,725) if 44,725 < x<95,375
f(x)=1<16,290+0.24(x—95,375) if 95,375 <x<182,100
37,104+ 0.32(x—182,100)  if 182,100 < x < 231,250
52,832+0.35(x—231,250) if 231,250 < x <578,126
174,238+ 0.37(x—578,126) if x>578,126

56. For Schedule Y —1:

0.10x if 0<x<22,000
2200+0.12(x—22,000) if 22,000 < x <£89,450
10,294 +0.22(x —89,450) if 89,450 < x <190,750
f(x)=1432,580+0.24(x—190,750)  if 190,750 < x < 364,200
74,208 +0.32(x—364,200)  if 364,200 < x < 462,500
105,664 +0.35(x—462,500) if 462,500 < x < 693,750
186,601+ 0.37(x—693,750) if x> 693,750

57. a. Let x represent the number of miles and C be the cost of transportation.

0.50x if 0<x <100
o 0.50(100) + 0.40(x —100) if 100 < x < 400
X)=
0.50(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

116
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Section 2.4: Library of Functions; Piecewise-defined Functions

0.50x if0<x<100
cipy_ 1040405 if100< <400
) =170+025r i 400 <x <800
270 if 800 < x < 960
Yi
. 275[-(800,270) 3 Ly |
Z (960, 270)
= 200 H
2 o
) /(400, 170) -
% 100/
o ﬁ’(mo, 50)
I

0, 0) 500 1000 x
Distance (miles)

b. For hauls between 100 and 400 miles the costis: C(x) =10+ 0.40x .

c. For hauls between 400 and 800 miles the costis: C(x)=70+0.25x .

58. Letx =number of days car is used. The cost of given by
renting is given by 9000 if s<659
185 if x=7 8250 if 660 <s <679
222 if T<x<8 c(s) 5250 if 680 <s <699
259 if 8<x<9 5)= -
C(x)= 3750 if 700<5<719

296 if 9<x<10
333 if 10<x<11
370 if 11<x<14

2250 if 720<s<739
1500 if s>740

b. 725 is between 720 and 739 so the charge

Ay would be $2250.
[
~ 370 S c. 670 is between 660 and 679 so the charge
£ 133 , would be $8250.
E 296 < 60. Letx = the amount of the bill in dollars. The
; 259 ¢ minimum payment due is given by
5222— x if 0<x<10
185L e 10 if 10 <x <500

"7 9111315 x

x)=430 if 500<x <1000
Days f( )

50 if 1000 < x <1500

59. a. Lets = the credit score of an individual who 70 if x2>1500
wishes to borrow $300,000 with an 80% LTV
ratio. The adverse market delivery charge is
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61.

62.

63.

- YA
5
E; 100
S E 80 o
ES 40 5
s 20 ban
E ALY >
20 '500 1500 x
Bill (dollars)
a. W=10°C
b W:33_(10.45+10J§—5)(33—10) e wC
22.04
. W=33_(10.45+10JE—15)(33—10)z_3o
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+104/5-5)(33-(-10
b oy [0S (10)
22.04
~-21°C
10.45+10415-15)(33-(-10
c. W=33—( HOIS )( ( ))
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)=3$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)

C

64.

65.

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 =§x+3

On [16,32) the endpoint coordinates can be
thought of as (16,8) and (32,3).

3-8 5

m=——m——= R—
32-16 16
5

8=——(6)+b
16( )

13=5H
5
=——x+13
T
Therefore,
§x+3 if0<x<8
8 if8<x<16
d(x)= s
——x+13 if16<x<32
16
3 if32<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+2)x)=f(x)+g(x)=2x+3)+(-4x+]1).
=-2x+4

On the interval (0,2):

(f+g)0)=f()+g(x)=2x+3)+(x=7).
=3x-4
On the interval [2,00):
(f+Q)x) = f(x)+g(x) = (x> +5x)+(x—7)
=x" +6x-7
—2x+4 if x<0
So, (f—i—g)(x)z 3x-4 if 0<x<2
X +6x-7 if x>2
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66.

67.

68.

Section 2.4: Library of Functions; Piecewise-defined Functions

Each graph is that of y = x*, but shifted
vertically.

u I||II'|II'I.I|"."-.\_ _,.-"'IIIII-'I IIIJ III

If y= x +k, k>0, the shift is up . units; if

y =x?—k, k>0, the shift is down & 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.

i
—
!
il

" 1 |
\\ W AT
(P

< ) . 8
x

-2
If y=(x—k)?, k>0, the shift is to the right k

units; if y = (x+k)?, 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
graph of y = x?, but shifted to the right 5 units.

Each graph is that of y = | X | , but either

compressed or stretched vertically.

If y= k| x| and k >1, the graph is stretched

vertically; if y = k| x| and 0 < k <1, the graph is

69.

70.

compressed vertically. The graph of y = %| 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

graph of y = x* about the x-axis.

6
"y !
u 3 ,.-fy =x2
b A
", ."_.-'
5 tofes 5
- ",
y=-x3 b,
! %
III ll'II
6

The graph of y= —| X | is the reflection of the

graph of y :| X | about the x-axis.
6

y= :__IX_J..--"" -
— -

=
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 = Jx .

-1
The same type of reflection occurs when
graphing y=2x+landy =2(-x)+1.
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71.

72.

73.

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
graph of y=x* one unit to the right and two

units up. Yes, the result could be predicted.
8 y=(x —1)3+2

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.

The graphs of y = x", n a positive odd integer,
all have the same general shape. All go through

74.

75.

76.

the points (—1,-1), (0,0),and (1,1). As n
increases, the graph of the function increases at a
greater rate for | X | >1 and is flatter around 0 for

| X | <1.
1
l'l.
y= =+

1 _.ﬁ':_-.‘_'JE".I. 1
Pt \
o y=x
4 ;

-1

(%)=

Yes, it is a function.

{1 if x is rational

0 if x is irrational

Domain = {x| x is any real number} or (—o,0)
Range = {0, 1} or {y|y=0o0ry=1}
y-intercept: x =0 = x is rational = 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
_ _ _ X
(x 3y5) 2 — xéy 10 — —

Copyright © 2025 Pearson Education, Inc.

Solutions Manual for Precalculus 12th Sullivan


https://textbooktestbanks.com/products/9780138279226-solutions

77.

78.

79.

80.

81.

82.

83.

84.

X’ +y?=6y+16
x>+ -6y=16
X+ —6y+9)=16+9
X+ (y-3) =5
Center (h,k): (0, 3); Radius =5
4x-5Q2x-1)=4-T7(x+1)
4x-10x+5=4-Tx-7
—6x+5=-Tx-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)
8x +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%.

=21 3 0-6
—2-2 4
1 1 6 -2
Quotient: x* +x—2
Remainder: -2
3 +2i
2
-2x’
2)? %)\ 4 7
(52} +(250) =+2si* + 6251
= 25t (1+257)
= 5021+ 25¢°
The radicand cannot be negative so:
x+720
x>-7

The domain is {x|x>-7}.

Section 2.5: Graphing Techniques: Transformations

85. 3x’y-2x*y? +18x-12y =

(3x3y—2x2y2)+(18x—12y) =
xzy(3x—2y)+6(3x—4y) =
(3x—2y)(x2y+6)

Section 2.5

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

21.

22,

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).

m O & o» = O @D B0 O m o &

—

y=(x-4
y=(x+4y
y=x+4

y=x—4
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

y= (o) =
y=-x

y—5x3

3

Lt _1 3
y_(4xj 64"
y=(2x)3:8x3

_13

Y=,

M y=Vx+2

y=—+x

2 y=—/x-3
(3) y=—Jx-3-2
M) y=3Vx

2) y=3Jx+4
3) y=3Jx+5+4

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

122

3s.

36.

37.

(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).

fx)=x*-1
Using the graph of y = x?, vertically shift
downward 1 unit.

Y
‘:--5 I
J
(—1, O\ /(1, 0)
NP/ TEEE
-0, —1)
RN
[TTT1T]

The domain is (—oo,oo) and the range is

|:—1,oo).

38. f(x)=x*+4

Using the graph of y = x?, vertically shift
upward 4 units.

Yi
\ / _|
(-1, 5% 401, 5)-
(0, 4)
5 x

The domain is (—oo,oo) and the range is [4,00) .
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39. g(x)= Vx

Using the graph of y = Jx , horizontally

compress by a factor of 3.

}Y
T =l T
~1(3,3)_

LT [
_<l 1\ - |
3’ )=

—
=
>
[
~—
-
4
-

The domain is [O,oo) and the range is [O,oo) .

1
40. xX)=3—=x
g =47

Using the graph of y = Ix , horizontally stretch

by a factor of '%.
-"

The domain is (—oo,oo) and the range is

(o).

i

B

L(-2,-1)

41. h(x)=x+2

Using the graph of y = Jx , horizontally shift to

the left 2 units.

Section 2.5: Graphing Techniques: Transformations

Y
HEN
F’__('z; 2)—
(-1, )]

A
|
)
=
o
=Y

The domain is [—2,00) and the range is [0,00) .

42. h(x)=~x+1

Using the graph of y = Jx , horizontally shift to
the left 1 unit.

YA
5,
— (3,2)
(0,])/
111 I Y
-5 L0k
5+

The domain is [—1,00) and the range is [0,00) .

43. f(x)=(x-1)+2
Using the graph of y = x°, horizontally shift to

the right 1 unit [ y= (x - 1)3} , then vertically

shift up 2 units [y = (x—l)3 +2] .

The domain is (—oo, oo) and the range is

(<e).
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44. f(x)=(x+2)’-3
Using the graph of y = x*, horizontally shift to

the left 2 units [ y= (x + 2)3} , then vertically

shift down 3 units [y = (x+ 2)3 —3} .

Y

4

N Y T T Y .3

5
-1,-2)
(=2,-3)

The domain is (—oo,oo) and the range is
(~o0,0).
45. g(x)=4/x

Using the graph of y = Jx , vertically stretch by

a factor of 4.
)
9

L | N T Y
-2 71%(0. 0) 8

The domain is [0,00) and the range is [0,00) )

46. g(x)= %\/;
Using the graph of y = Jx, vertically compress

by a factor of %

47.

48.

o
T T T

:
]

1.%)(4, B

The domain is [0,00) and the range is [0,00) .

f=-x
Using the graph of y = Ix , reflect the graph

about the x-axis.
,\.
10

B2

f

-1~

T T T 12

-10

The domain is (—oo,oo) and the range is
(<o),

fx)==x
Using the graph of y = Jx , reflect the graph

about the x-axis.
y
i

(0.0
=5 Nell.-1) 5

-

(4,-2)

-5

The domain is [0,00) and the range is (—oo,O] .
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49.

50.

f(x)=2(x+1)* -3
Using the graph of y = x?, horizontally shift to

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+l)2 —3]

(3.5 5-¢(1.5)

I I e
0,-1) 3

The domain is (—oo,oo) and the range is

[300).

f(x)=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]

3.4

2D
L1 11

The domain is (—oo,oo) and the range is [l,oo) .

Section 2.5: Graphing Techniques: Transformations

51.

52.

g(x)=2vx-2+1
Using the graph of y = Jx , horizontally shift to
the right 2 units [ y=+x— 2} , vertically stretch

by a factor of 2 [ y=2x— 2} , and vertically

shift upward 1 unit [y =2yx—-2+ IJ .

4,\" A

8

N T N T O T
8

The domain is [2,00) and the range is [l,oo) .
g(x) :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+1

], and vertically shift

downward 3 units [y = 3|x+ 1| —3} .

The domain is (—oo, oo) and the range is

[—3,00).
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53.

54.

5S.

h(x)=~-x-2
Using the graph of y = Jx , reflect the graph
about the y-axis [ y= \/—xJ and vertically shift

downward 2 units [ y= \/; - 2] .

YA
5_
(-4, 0) B

X

—3 B 5

1~
0,-2)
sl

The domain is (—00,0} and the range is [—2,00).

h(x):%+2:4[%j+2

Stretch the graph of y = ! vertically by a factor
X

of 4 { y=4- 1 = i} and vertically shift upward 2
X x

units {y =i+2]
X

The domain is (—oo,O) U(O,oo) and the range is
(—o0,2)U(2,0).

S ==(x+1) -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] .

126

56.

The domain is (—oo,oo) and the range is
(o2).
f(x)=—4Jx-1

Using the graph of y = Jx, horizontally shift to
the right 1 unit [ y=q/x —1} , reflect the graph

about the x-axis [ y=—Jx- 1] , and stretch

vertically by a factor of 4 [ y=—4x— l] .

T

[

-9

The domain is [1,00) and the range is (—oo,O] .
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57.

58.

59.

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— IH .

-5 L (1,00 5

The domain is (—oo,oo) and the range is [O,oo) .

g(x) =2—x =dJ~(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

ese]

Rl
N
(-2, 8)

I I | |
-5 2,00 5
i, )=

X

The domain is (—00,2] and the range is [0,00) .

1
h(x)=—
(x) ™
Using the graph of y = 1 , vertically compress
X

1
by a factor of 5

Section 2.5: Graphing Techniques: Transformations

yYi
: 1%,1
3 x

The domain is (—oo, 0) U(0,00) and the range is
(—0,0) L (0,00).

60. f(x)=3Yx—-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 = \3/x—1+3]
yi
S =

(=7, 1)
10,2
]

r

=
=9
=Y

v

The domain is (—oo,oo) and the range is

(00).

61. a. F(x)=f(x)+3
Shift up 3 units.

YA

7 f—

(0,5) (2,5)
- e (4,3)
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b.  G(x)=f(x+2) f. gx)=7(-x
Shift left 2 units. Reflect about the y-axis.
YA VA
5 5+
(-2.2) [(0.2) (=2,2) [(0,2)
NG O X
7 L 3 -5 (4,0 ~
(-6.-2) - [ @)
o P
¢. P)=-f(x) g h(x)=1(2x)
Reflect about the x-axis. ) 1
A Compress horizontally by a factor of 5
> B YA
42 L
-0 0.2 (1.2)

>

|
9
—
~
=]
~ -

Yo

=

0,-2) (2,-2) I~
sk 22
5+
d. Hx)=f(x+D)-2
Shift left 1 unit and shift down 2 units. 62. a. F(x)=f(x)+3
YA Shift up 3 units.
3 y
_ - 8
[ |( 1|(1J) ;(1|'(|))| [
-5 L 5
B (3.-2)
(=5, sk -2, 1)
-4, 1)
111
. - B 3
e. Q)= 5/‘ () =2

b. G(x)= f(x+2)

Shift left 2 units.
¥

Compress vertically by a factor of %

n
T 1T 17
U
I

0, 1) (2, 1)

-5 4,0y 5
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c. Plx)=-f(x) g h(x)=/(2x)
Reflect about the x-axis. ) 1
¥, Compress horizontally by a factor of 5
5+ ¥
4.2) (2.2 (4.2) 5

A

(1,2)

~ ) X
-2 -2 =5 /L 5
L (-2,-2) - (2,-2)
5 -1, -2
5+
d. Hxs=f(x+1)-2
Shift left 1 unit and shift down 2 units. 63. a. F(x)=f(x)+3
. Shift up 3 units.
Y
8 —
- (%‘4)
(-, 3) @/\ (. 3)
(-5, -4)(-3,4) -5 L
2 L, 2

. 0= %f(x)
b. G(x)=f(x+2)

Compress vertically by a factor of % . Shift left 2 units.

Ir—21

2 L
(-m—2,0) ( 20)/ (wl—z.ol)

X
—Zwv T o@w 2w
- =
(5-271)

-2+

(74:7]) (-2,-1)

-5

f. g(x)=/f(-x) c. P(x)=-f(x)

Reflect about the y-axis. Reflect about the x-axis.

y
5

(-2,2)

x
3 N 5 T 7% W

4.2 Q2.-24.-2) (T 1)

S5+
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d HX)=f(x+1)-2 64. a. F(x)=f(x)+3
Shift left 1 unit and shift down 2 units. Shift up 3 units.
y YA
1 8-
| 1 Lt :
—2m - 2m |

\( ,

o1 .
|
|

S~

oy
|
B
\
\ "
T T
L~
B
Do
S’

1
e. QO(x)= Ef(x) b. G(x)=f(x+2)

Compress vertically by a factor of % Shift left 2 unitsv.
A 21
o (=2,1)

( i

(—m—2.-1) |m—2-1)

219

12—

|
=]
‘
|— I 19 |— —
[
(ST
=]

1
(’g ’ 75.) -2
—1+
£ g=/( ¢ PE)=-/()
Reflect about the y-axis. Reflect about the x-axis.
VA y
T 2 B 2 [
=31 (—m 1) (m,1)

N e

X
- E Tt Iy _m ) ™
2 i 2 2
3-1) o
2 - ’ -2
g h(x)=[f(2x)
1 d HxX=f(x+1)-2
Compress horizontally by a factor of 5 Shift left 1 unit and shift down 2 units.
y
YA 4+
2 =
(51 i
] | i ] [
X —2m (—1,—-1) m 2w
T _x T on /_
B i (-7 —1,-3) _,[ (m—1.-3)
iy )
130
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1 unit.

e 0= /()

Compress vertically by a factor of %

v

o
I

b 66. f(x)=x"—6x
f(x)=(x*—6x+9)-9
f. g0)=f(x f(x)z(x—3)2—9
Reflect about the y-axis. Using f(x) = x*, shift right 3 units and shift
2F down 9 units.
0,1) i’
I \ | X -3 (0,0)
(—m, —1) (m, —1)
b
g h(x)=f(2x) - (3,-9)

Compress horizontally by a factor of 1
o 2 67. f(x)=x>-8x+1

Yy
(0. 1) 4 S(x)=(x* =8x+16)+1-16
- f(x)=(x-4)"-15
;r ql_r x Using f(x) = x”, shift right 4 units and shift
2 2 down 15 units.
o Y)
(-21) (3-1) s
—1 (0, 1) 8 1)
| I T T [

65. f(x) = x> +2x
F(x)=(x*+2x+1)-1

[ =(x+1) -1
Using f(x) = x?, shift left 1 unit and shift down —15F

4, -15)

68. f(x)=x>+4x+2
f(x):<x2+4x+4)+2—4
f()=(x+2)" -2
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Using f(x) = x?, shift left 2 units and shift 71 f(x)=-3x>-12x-17
down 2 units. :—3(x2 +4x)—17

=-3(x7 +4x+4)-17+12

= 3(x+2)’ -5
Using f(x)=x7, shift left 2 units, stretch

vertically by a factor of 3, reflect about the x-

axis, and shift down 5 units.
Yy

69. f(x)=2x"—12x+19 -
=2(x ~6x)+19 (2.-5) [

=2(x* —6x+9)+19-18 B
=2(x-3) +1 =0 AL

Using f(x)=x’, shift right 3 units, vertically
stretch by a factor of 2, and then shift up 1 unit.

(—1.—8)
72. f(x)=-2x"-12x-13
:—2(x2+6x)—13

:—2(x2+6x+9)—13+18

=2(x+3)°+5
Using f(x)=x’, shift left 3 units, stretch

I~ vertically by a factor of 2, reflect about the x-
axis, and shift up 5 units.

(-3.5 4

70. f(x)=3x"+6x+1
=3(x” +2x)+1

N .S

-

=3(x7 +2x+1)+1-3

=3(x+1)° -2
Using f(x)=x, shift left 1 unit, vertically _s
stretch by a factor of 3, and shift down 2 units.

- 73. a. 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
{—T‘_ l]} (0. 1) . and 1.

(-1.-2) L ) b. The graph of y = f(x—2) is the same as
- the graph of y = f(x), but shifted 2 units to
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74.

75.

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 =2 (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—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 increasing on the interval [4,10] .

The graph of y =—/(x) is the same as the
graph of y = f(x), but reflected about the

Section 2.5: Graphing Techniques: Transformations

76.

77.

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—35) 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) must be increasing on the

interval [—7, 2] .

y=|/®]
JA
2»
(-2, D (-1, 1) (1, 1
E i 2(2.0)
X
-2 2
-
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78.

79.

y=7(%])
YA
2;

(=1, 1) (1, 1)
RAVA
-2 2
) -

To graph y =| f(x)
for f'that lies in quadrants III or IV is
reflected about the x-axis.

, the part of the graph

YA
27
(-1, 1) (1, 1)
V4 XAL,\
-2 2
2

To graph y = f(| X |) , the part of the graph

for f'that lies in quadrants II or III is
replaced by the reflection of the part in
quadrants I and IV reflected about the y-
axis.

-1.1)

The graph of y = f(x+3)—5 is the graph
of y=f (x) but shifted left 3 units and
down 5 units. Thus, the point (1,3) becomes

the point (—2, —2) .

80.

The graph of y = —2f(x—2)+l is the
graphof y=f (x) but shifted right 2 units,

stretched vertically by a factor of 2, reflected
about the x-axis, and shifted up 1 unit. Thus,

the point (1,3) becomes the point (3,—5) .

The graph of y = f(2x + 3) is the graph of
y=f (x) but shifted left 3 units and

horizontally compressed by a factor of 2.
Thus, the point (1,3) becomes the point

(-13).

The graph of y = g(x+1)—3 is the graph
of y=g(x) but shifted left 1 unit and down
3 units. Thus, the point (—3,5) becomes the
point (—4,2) .

The graph of y = —Sg(x —4) +3 is the graph

of y= g(x) but shifted right 4 units, stretched

vertically by a factor of 3, reflected about the
x-axis, and shifted up 3 units. Thus, the point

(—3,5) becomes the point (1,—12) .
The graph of y = g(3x + 9) is the graph of
y = f(x) but shifted left 9 units and

horizontally compressed by a factor of 3.
Thus, the point (—3,5) becomes the point

(-4.5).

81. a. f(x)=int(—x)

Reflect the graph of y =int(x) about the y-

axis.
Yi
oe 5
o
O-@
C-e
o, _
-5 0'3-0 5 x
o
ce
o
-5 oe
oe

b. g(x) = —int(x)
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Reflect the graph of y =int(x) about the x- 83. a. f(x)= | x=3 | -3
axis.

Using the graph of y = | x |, horizontally shift

to the right 3 units [ y= |x - 3|:| and vertically

shift downward 3 units [ y= |x - 3| - 3] .
5 Yi
X -
o
(6, 0)
82. a. f(x)=int(x—1) 0,0 X
Shift the graph of y =int(x) right 1 unit.
YA (3 ' 73.)._
C ] [T 111
D
b. 4= lbh
2
> 1
T =63 =9
The area is 9 square units.
84. a. f(x)=-2|x—4|+4

b. g(x) = int(1-x) = int(—(x —1)) Using the graph of y = | x

, horizontally shift to

Using the graph of y = int(x) , reflect the the right 4 units [ y= |x -4 J , vertically stretch
graph about the y-axis [ y = int(— x)] , by a factor of 2 and flip on the x-axis
horizontally shift to the right 1 [y = —2|X -4 J , and vertically shift upward 4
unit [y - int(—(x—l))]. units [y = —2|x—4|+4].
YA
- Yi
>y =

54,4
o

=Y

S\ X

it
\
(2

b. Azlbh
2

1
=—(4)4)=8
5O
The area is 8 square units.
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8s.

86.

From the graph, the thermostat is set at 72°F
during the daytime hours. The thermostat
appears to be set at 65°F overnight.

To graph y = T(t)—2 , the graph of T(t) is

shifted down 2 units. This change will lower
the temperature in the house by 2 degrees.

TJ\

Temperature (°F)
DN~
S h NS

——
p—

~Y

0 510152025
Time (hours after
midnight)

To graph y = T(t+1), the graph of T(t)

should be shifted left one unit. This change
will cause the program to switch between
the daytime temperature and overnight
temperature one hour sooner. The home will
begin warming up at 5 a.m. instead of 6 a.m.
and will begin cooling down at 8 p.m.
instead of 9 p.m.

T.d\

=)

[

=
|
L

—]

Temperature (°F)
2233

\

0 510152025 ¢
Time (hours after
midnight)

7(0)=-0.12(0)" +1.29(0)+9.96 = 9.96

The estimated hours of daylight in January
is 9.96.

b.

C.

d.

7(6)=-0.12(6)" +1.29(6)+9.96

=13.38
The estimated hours of daylight in July is
13.38.

£(11)=-0.12(11)" +1.29(11) +9.96

=9.63
The estimated hours of daylight in
December is 13.38.

x represents the number of months after
July.
January corresponds to:

F(6)= f(6-6)= f(0)
£(0)=9.96

Orlando is in the Northern Hemisphere and
Alice Springs is in the Southern
Hemisphere; therefore, they have “opposite”
seasons in each month. For example, it is
winder in Orlando in January while it is
summer in Alice Spring.

87. F=%C+32

(100, 212)

(0,32)
| | | | | | | | | |

10 20 30 40 50 60 70 80 90100

F :%(K—273)+32

Shift the graph 273 units to the right.
F

288
256
224 —
192
160
128
96 -
64 —
32 -

(373,212)

(273, 32)
A1 1 1 | 1 1

0

136

V270 290 310 330 350 370
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88.

89.

ey
I
[\
N
+

W

THOIDI
Amin=-3
AMIE=T
necl=1
Ymin=-1
Yrax=2
Yacl=1
Ares=1

!

As the length of the pendulum increases, the
period increases.

T1=27z\/Z;T2:27z\/3—7;T3:27z\/§
g g g

THOON
Amin=-1
Amax=1
necl=1
Ymin=-1
"=
Veol=1
Ares=1

e. Ifthe length of the pendulum is multiplied
by k, the period is multiplied by Ji

y=(x-c)
Ifc=0, y=x"

If ¢ =3, y = (x—3)?; shift right 3 units.
If c=—-2, y=(x+2)?; shift left 2 units.

6

Section 2.5: Graphing Techniques: Transformations

90.

91.

92.

y=x2+c

Ife=0, y=x"

If ¢ =3, y = x> +3; shift up 3 units.

If ¢ =—2, y = x* —=2; shift down 2 units.

-2

f(x—5) is a shift right 5 units; increasing on
[2.8] and [16,24] ; decreasing of [8,16].
f(2x-5) compresses horizontally by a factor of
Y5; increasing on [1,4] and [8,12] ; decreasing on
[4.8]. —f(2x—5) reflects about the x-axis;
increasing on [4,8]; decreasing on

[1,4] and [8,12]. -3 f(2x—5) stretches

vertically by a factor or 3 but does not affect
increasing/decreasing. Therefore —3 f(2x—5) is

increasing on [4,8].

Write the general normal density as
X—u ’
o=t exp| AT Starting
o 27 2 ’

with the standard normal density,
1 x?
f(x)= exp| —— |, stretch/compress
N2 | 2

horizontally by a factor of o to get

B 2
x
exp| —

1
N2 2

f(x) =

[multiply all the x-coordinates by l} , then shift
c

the graph horizontally | ,u| units (left if <0
and right if > 0) to get
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93.

9.

95.

2
)
i . Then

1

S = exp| -

N2
stretch/compress vertically by a factor of s to

o
get
2

1 1 o
fx)=—- exp| —

o 271 2

[multiply all the y-coordinates by l} .
c

1. Stretch/compress horizontally by a factor or
o (stretchif o >1)

2. Shift horizontally | ,u| units (left if £ <0 and
rightif £>0).

3.Stretch/compress vertically by a factor of 1
o

(compress if o >1)

The graph of y =4 f(x) is a vertical stretch of

the graph of f'by a factor of 4, while the graph of
y = f(4x) is a horizontal compression of the

graph of /by a factor of % .

The graph of y = f(x)—2 will shift the graph of
y = f(x)down by 2 units. The graph of

y = f(x—2) will shift the graph of y = f(x) to
the right by 2 units.

The graph of y = \/3 is the graph of y = \/;
but reflected about the y-axis. Therefore, our
region is simply rotated about the y-axis and
does not change shape. Instead of the region
being bounded on the right by x =4, itis
bounded on the left by x = —4 . Thus, the area of

138

98.

99.

100.

. 16
the second region would also be £y square

units.

. The range of f(x)=x" is [0,00) . The graph of

g(x)= f(x)+k is the graph of f shifted up k
units if k > 0 and shifted down |k| units ifk <0,

so the range of g is [k,oo) .

. The domain of g(x) = \/; is [O,oo). The graph

of g(x—k) is the graph of g shifted k units to
the right, so the domaine of g is [k,oo) .

3x-5y=30
—S5y=-3x+30

3
=—x-6
775

The slope is % and the y-intercept is -6.

The total time run is i71+i21 =8.4214 . The

total distance is 26.2 mile. Thus the average

ﬂz&llmph.

speed is
P 8.4214
W =kT
7=k4
k=2
4
7 7
W=—T=—(9)=15.75 gal
1 4() g
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101. y* =x+4
x-intercepts: y-intercepts:
(0 =x+4 ¥ =0+4
0=x+4 y =4
x=-4 y=12

102.

103.

104.

105.

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

(—y)2 =x+4
y? = x+4 same

Test y-axis symmetry: Let x = —x

y? = —x+4 different

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

(—y)2 =—x+4

y* = —x+4 different

Therefore, the graph will have x-axis symmetry.

The denominator must not be zero.
x* —5x-14=0

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

x=T7,x=-2

So the domain is: {x|x# 7,x # -2}

—16¢* +96¢ + 200 = 88

—161 +961 +112=0

—16(t> -6t—7)=0

—16(t-7)(t+1)=0

t=7,t=-1

Since t represents time the only answer that is
reasonable is 7 seconds.

%/16x5y62 = %/8-2x3x2y62 = 2xy2\/3 2x%z

fa+h)-f(x) _
h
3(x+h) +2(x+h)—1-(3x> +2x—1)
p -
3(x” +2xh+ k) +2x+2h—1-3x" —2x+1
p =
3x% +6xh+3h* +2x+2h—1-3x" = 2x+1
h
6xh+h* +2h  h(6x+h+2)
h h

=6x+h+2

Section 2.6: Mathematical Models: Building Functions

2+216=(z) +(6)
= (z+6)(z> —62+36)

106.

Section 2.6

1. a. The distance d from P to the origin is

d =+x*+y* . Since P isa point on the
graph of y =x* -8, we have:

d(x)= \/x2 +(x*—8)* = \/x4 —~15x% + 64
b.  d(0)=+/0% —15(0)2 + 64 = /64 =8

e. d() =)' =15(1)* + 64
=J1-15+64 =~/50 =52 = 7.07

d. 40

-10 10
-5

e. d issmallest when x =~ —2.74 or when
x~2.74.

A/

Hinipaur
n="Z./zBRi1z I¥=Z.7H:EB:ZZ

¥=z.7EZBHZE

2. a. The distance d from P to (0,—1) is

d =+x*+(y+1)* . Since P is a point on

the graph of y = x> -8, we have:

d(x)=\/x2+(x2—8+1)2
=1/x2+(x2—7)2 = x* —13x? +49
b.  d(0)=+/0*—13(0)> +49 =49 =7

c. d(-1)= \/(—1)4 —13(=1)> +49 =37 ~ 6.08

139
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Chapter 2: Functions and Their Graphs

10

4 4
0

d is smallest when x ~ —2.55 or when
x~255.

.

W=z.EOE07E:

¥=2.F9807E2

The distance d from P to the point (1, 0) is

d =+(x-1)*+y* . Since P is a point on

the graph of y = Jx , we have:

d(x):,/(x—l)2+(x/;)2 N

where x>0.

2

0 2
0

d is smallest when x=1.

_

Hiniraur
W= E00000nYe LY BER0EEY

2
d(x) = 1, :ﬁ
2 2 2

The distance d from P to the origin is
d =+x*+* . Since P isa point on the

graph of y =—, we have:

1
X

140

-5 5
0

¢. d issmallestwhen x=-1or x=1.

V=1.4442126 .

. By definition, a triangle has area

A= %b h, b = base, h = height. From the figure,

we know that b= x and 2= y. Expressing the
area of the triangle as a function of x, we have:

A(x) = %xy = %x(f ) = %x“ .

. By definition, a triangle has area

A= %b h, b=base, h = height. Because one

vertex of the triangle is at the origin and the
other is on the x-axis, we know that
b=xand h=y. Expressing the area of the

triangle as a function of x, we have:

1 1 5 9 1 5
Ax)=—xy=—x(9—-x"|=—x——x".
) 2 Y 2 ( ) 2 2

ca Ax)=xy= x(16—x2)

b. Domain: {x| O<x< 4}

c. The area is largest when x ~2.31.
30
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LN

H .3094008 LY=EH. 62611 L

d. The largest area is
AQ231) = 2.31(16—2.312) ~ 24.63 square

units.

A A =2y =204
b.  p(x)=22x)+2(y)=4x+ zm

c. Graphing the area equation:
4

Hu:-:umum
R 1.4142118 .'f'=4

The area is largest when x = 1.41.

d. Graphing the perimeter equation:
10

H 1 ?BBBSEB L=B.9442710 .

The perimeter is largest when x =1.79 .

e. The largest area is

A(1.41)=2(1.41)vY4-1.41° ~ 4 square

units.
The largest perimeter is

p(1.79)=4(1.79)+ 234 -1.79° ~8.94
units.

141

Section 2.6: Mathematical Models: Building Functions

9. a. InQuadrantl, x* +y* =4 — y=+4-x*
A(x) = (2x)(2y) = 4x\4 - x?
b.  p(x)=2(2x)+2(2y) = 4x + 44— x>

c. Graphing the area equation:
10

(=]
[\S)

Hairurn
H=1.414214% L¥Y=H

The area is largest when x = 1.41.

d. Graphing the perimeter equation:
2

7

Ty

Euximum
H1MIYEINE LN=1d.313P08 .
The perimeter is largest when x ~1.41.

10. a.  A(r)=(2r)2r) =42
b. p()=4Q2r)=8r
11. a. C = circumference, 4 = total area,

r =radius, x = side of square

C=2mr=10-4x = r=>2%

Total Area = area g, .+ area . = 4t
25-20x +4x°
A =+ (3R < g2 B0 A
T
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12.

Since the lengths must be positive, we have:
10-4x>0 and x>0

—4x>-10 and x>0
x<2.5 and x>0
Domain: {x|0<x<2.5}

The total area is smallest when x ~1.40

meters.
8

Hiniraun
=1 400zy87 VSR E00E187 .

C = circumference, A = total area,
r =radius, x = side of equilateral triangle
10—-3x
2n

C=2mr=10-3x=r=

The height of the equilateral triangle is gx .

Total Area = area ;g +area gy,

1 (3 X
=—Xx|—x |+mr
27| 2

N (10—3sz

Ax)=—x"+m
(%) 2

27
V3 5, 100-60x+9x7
=Y+t
4 4

Since the lengths must be positive, we have:
10-3x>0 and x>0
—3x>-10 and x>0

x<? and x>0

0<x<&}
3

Domain: {x

13.

14.

15.

16.

b. Since C=x=2nr, r= o

¢. The area is smallest when x ~ 2.08 meters.

8

Hiniraura
W= OFFEELF _VsE B0EY1ZE -

a. Since the wire of length x is bent into a

circle, the circumference is x . Therefore,
Cx)=x.

2n

2 X : x2

Ax)=nr‘=n|—| =—.
21 4n

a. Since the wire of length x is bent into a

square, the perimeter is x . Therefore,
p(x)=x.

b. Since P=x=4s, s:%x,wehave

A(x)=s* = (lsz = sz
4 16~

a. A= area, r = radius; diameter = 2r

A(r) = 2r)(r) =27

b. p = perimeter

p(r)=202r)+2r =6r

C = circumference, r = radius;

x = length of a side of the triangle
E

3x

Since AABC is equilateral, EM B
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Therefore, OM = ———-OF = - - r

2 2
In AOAM , 7> =(§j {Q—rj

x/gx 3x
2

2

2
r? =%+%x2—\/§rx+r2

\/§VX=)C2

X

r=——

NE)

Therefore, the circumference of the circle is

C(x)=2mnr= Zn[ij = Mx
NG} 3
17. Area of the equilateral triangle
A= ! x ﬁ X = ﬁ x2
2 2 4

2
From problem 16, we have r* = x?

Area inside the circle, but outside the triangle:

3
Ax)=nrt -22x7
(x) 1

_ x? \/gxzz(z \/ngz

3 4

3 4

18. d*=d? +d,’
d* =(30r) +(40¢)°

d(t)=+/9007 +1600¢> =1/2500¢> = 50

d =30t

19. a. d*=d’+d)}

d* =(2-301)" +(3- 407’

d (1) =(2-300)" +(3-400)’

= \4—1201 + 90072 +9 — 240¢ +16007

=/2500¢2 —360¢ +13

Section 2.6: Mathematical Models: Building Functions

dy =3-40t

dy=2-30t

b. The distance is smallest at ¢ ~ 0.07 hours.

20. 7 =radius of cylinder, % = height of cylinder,

21.

22.

143

V' = volume of cylinder
2 2 2
r2+(%j :R2:>r2+hT:R2:>72:R2_h_

V=nr’h

V(h) = T{Rz —ﬁJh = nh(Rz —EJ
4 4

r = radius of cylinder, 4 = height of cylinder,
V' = volume of cylinder

By similar triangles: "_H=h
R r
Hr=R(H-h)
Hr = RH — Rh
Rh=RH — Hr
h:RH—Hr:H(R—r)
R R
H(R- H(R-r)r?
V(r)znrzh:nrz[ ( r)j:n ( r)r
R R

a. The total cost of installing the cable along
the road is 500x . If cable is installed x
miles along the road, there are 5—x miles
between the road to the house and where the
cable ends along the road.
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Chapter 2: Functions and Their Graphs

House
q

Box
Py

5—x x

={JG5-x)?+2°

=\25-10x+ x> +4 =/x* —10x+29
The total cost of installing the cable is:

C(x) = 500x + 7004/x* —10x +29

Domain: {x|0£x£5}

b.  C(1)=500(1)+7004/1> ~10(1)+29

=500+ 700~/20 = $3630.50

c.  C(3)=500(3)+700,/32 ~10(3)+29

=1500 +700~/8 = $3479.90

d. 4500

—

=5

0 .
3000

e. Using MINIMUM, the graph indicates that
x =~ 2.96 miles results in the least cost.

e

Hiniraurn
We 2555?555 Y=3y78.79E09 |

23.

24,

d,
The time on the boat is given by ? The

12—x

time on land is given by

Island

dy=x*+2> =¥’ +4
The total time for the trip is:

12— X, d, 12—x+\/x2+4

3 5 3

T(x)=

Domain: {x|0£xS12}

_ 2
()= 2 4+%

8 20

=—+—~3 09 hours

_4 68

+— ~ 3.55 hours

Let 4 = amount of material ,
= length of the base , / = height , and
V = volume.
V=x*h=10=h =10
x?
Total Area 4 = (Area,,, )+(4)(Areag,, )

=x7 +4xh

=x’+ 4x(¥j
X

A(1)=1Z+$—1+40 41 ft?

4(2)=2 +?_4+2O 24 f?
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25.

Section 2.6: Mathematical Models: Building Functions

> 40 26. Consider the diagrams shown below.
=4
00 {:_ _“:—3}
Y /
\‘\ ,ff
— %7 16
\\ f:'f
110
o5 \|/ |
100
Vi
Iu Y |
Hinirun 4
0 w=.fi4yiEs LY=22 1041BT . 10
0 ‘ff
The amount of material is least when !
x=271 ft. /
r
16 ./
The largest area is /
40 2 & /’f
A1) =271 +—=22.11t
(271) =271+ =1 /

length = 24 —2x ; width = 24 -2x;
height = x
V(x) = x(24 - 2x)(24 — 2x) = x(24 - 2x)*

There is a pair of similar triangles in the
diagram. This allows us to write

r 4 r 1 1
) 5 =—=>—-—=—=r=—h
V(3)=3(24-2(3))" =3(18) h 16 h 4 4
—3(324) =972 in°. Sub.stitutingl into the volurpe formula for the

conical portion of water gives

V(10) =10(24 - 2(10))* =10(4)° 2

(10)=10(4-209) \ @ V(h):lnr2h=l7r(lhj h="1
=10(16) =160 in”. 3 3 \4 48
_ 2
y =x(24-2x) 27. a. The total cost is the sum of the shipment
1100 cost, storage cost, and product cost. Since

each shipment will contain x units, there are
600/x shipments per year, each costing $15.
So the shipment cost is 15 (@j = ( 2000 j
X X
0 12
0

The storage cost for the year is given as

Use MAXIMUM. 1.60x. The product costs is
1100 600(4.85) =2910. So, the total cost is

9000
X

C(x) = +1.60x +2910.

Haxirum
0 L= ami=dizhy

0
The volume is largest when x =4 inches.

12

The largest volume is
V(4) =4(24-2(4))* =1024 in®

145
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NORMAL FLOAT AUTO REAL DEGREE MP n
CALC MINIMUM

Y1=9000/X+1.6X+2910

inimum
=75.000019 ¥=3150

M
X

The retailer should order 75 drives per order
for a minimum yearly cost of $3150.

28. [2x-3]-5=-2
|2x-3=3
2x—-3=-3o0r2x-3=3
2x=0 or 2x=6

x=0 or x=3
The solution set is {0,3} .

29. In order for the 16-foot long Ford Fusion to pass
the 50-foot truck, the Ford Fusion must travel the
length of the truck and the length of itself in the
time frame of 5 seconds. Thus the Fusion must
travel an additional 66 feet in 5 seconds.

Convert this to miles-per-hour.

5 . 5 1
5 SCC—@ min —m hr _ﬁ hr.

66

66ft=% mi1

distance %
speed=———= 1 =9 mph
time 725

Since the truck is traveling 55 mph, the Fusion
must travel 55 + 9 = 64 mph.

30. mZJ’z_.V1:6_(_2):i:_4
Xy — X 1-3 -2

31.

32.

10_14
4 x

10x = 4(14)

10x =56

x=56

x=u-1

u-1 _u-1
YTUTIH L

x+5 x% x+5 3x

33. —

34.

35.

36.

No solution since a square root cannot be
negative.

Since the graph is symmetric is symmetric about
the origin then (3, -2) is symmetric to (-3, 2).

_26t |E
-=F
vd® _ |E
26t \P
2
vd® | _E
2.6t P
vid* :E
6.76t> P
Pvdt
6.76t°
P_6.76t2E
B vid*
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37. 3x? —Tx=4x-2
3x? —11x+2=0
b* —4ac = (-11)* —4(3)(2)
=121-24=97

Chapter 2 Review Exercises
1. a. Domain {8, 16, 20, 24}
Range {$6.30, $12.32, $13.99}

b.  ((8,$6.30), (16,$13.99), (20,$12.32),
(24,$13.99)}

C.
Batteries, x Price, y
8 —— $6.30
16
$12.32
20
24— $13.99
d.

(16, 13.99)124:13.99)
L J

Py L ]
(20, 12.32)
! ]
(8,6.30)

10 20 x

2. This relation represents a function.
Domain = {-1, 2, 4}; Range = {0, 3}.

3. Domain {2,4}; Range {-1,1,2}
Not a function

4. not a function; domain [-1, 3]; range [-2, 2]

5. function; domain: all real numbers; range
[-3,)

3x
x* -1
3(2)

6
IO = T3

3(-2) -6 -6 _
(-2)*-1 4-1 3

6. f(x)=

b. f(-2)=

3(=x)  3x

R A e R

Chapter 2 Review Exercises

d —f(x)=—( 3x ): —3x

X -1) ¥ -1
3(x-2)
e. x-2)=—7__
f( )(x—2)2—1
_ -6 3(x-2)
x*—4x+4-1 x*—4x+3
. fx)= 32x)  6x

Qx) -1 4x* -1

F(x)=+x*-4
a fQ)=2 —4=Ai—4=40-0

b. f(-2)=(-2) -4="4-4=0=0
¢ fx)=ya 4= -4

d —f(x)=—/x"-4

e f(x-2)=y(x-2)"-4

=x?—4x+4-4
=+/x? —4x

£ /@) =y20)} -4 =42 -4
=42 -1) =20 -1

2_
foy=23
X
-4 4-4 0
A Q===
(204 _4-4_0_
b. f(—z)_w_ 40y
(-x)* -4 x*-4
s ()ix)2 :xx2
24 4—x? 2_y
d. —f(x)=—[x)62 ]: x2x :_xx2
¢ f(x—2)=(x_2)2_4:x2—4x+4—4

(x—2)° (x—2)°
_ xz —4x _ X(X—4)
(x-2)"  (x-2)
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9.

10.

11.

12.

13.

(2x)* -4  4x* -4
f. 2x) = =
@) (2x)* 4x?
2
i 4(x —1) _#-l
4x? x?
X
S(x)=
2 -9
The denominator cannot be zero:
¥ =9%0
(x+3)(x=3)=0
x#-3or3

Domain: {x| xX#-3, x# 3}

f(x)=v2-x

The radicand must be non-negative:

2-x20
x<2
Domain: {x| x< 2} or (—o0,2]

| x]

x

The denominator cannot be zero:
x#0

g(x)=

Domain: {x| X # O}
X
T =55
The denominator cannot be zero:
x> +2x-3#0
(x+3)(x—1) #0
x#-3orl
Domain:{x|x -3, x# 1}
f(x)= \/Zx?
x" -4
The denominator cannot be zero:
X —4%0
(x+2)(x=2)=0
x#—-2o0r2

Also, the radicand must be non-negative:

x+120
x>-1
Domain: [-1,2)U(2,)

14.

15.

16.

X

IO

The radicand must be non-negative and not zero:

x+8>0
x> -8
Domain: {x| x> —8}

f(x)=2-x g(x)=3x+1
(f+&)x) = f(x)+g(x)

=2—-x+3x+1=2x+3

Domain: {x| X is any real number}

(f-&)x)=f(x)-gx)
= 2—x—(3x+1)
=2—-x-3x-1
=—4x+1

Domain: {x| X is any real number}

(/@) = f(x)g(x)
:(Z—x)(3x+1)
=6x+2-3x*—x
=-3x* +5x+2

Domain: {x| X is any real number}

[E)o- 573

3x+1#0

3x¢—1:>x¢—%

¥t -t
3

F(x)=3x"+x+1  g(x)=3x
(f+8)x) = f(x)+g(x)

=3x2 +x+1+3x

Domain: {x

=3x" +4x+1

Domain: {x| x is any real number}

(f-g)x) = f(x)-g(x)
=3x% +x+1-3x
=3x% —2x+1

Domain: {x| X is any real number}
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17.

(f-@)x) = f(x)-g(x)
= (3x2 +x+ 1)(3x)
=9x> +3x% +3x
Domain: {x| x is any real number}
i (%) 3x?4x+1
(g)(” e
3x#0=>x#0
Domain: {x| X # 0}

f@= =

(f +2)x) = f(x)+g(x)
_x+l 1 x(x+1)+1(x-1)

x—-1 x x(x—l)
_ rx+x-1 _ X2 +2x-1
x(x—l) x(x-1)

Domain: {x| x#0,x# 1}

(f - 2)(x) = f(x)-g(x)
_x+l 1 x(x+1)-1(x-1)

x—-1 x x(x—l)
:x2+x—x+1: X2 +1
x(x-1) x(x-1)

Domain: {x| x#0,x# 1}

(/- g)x)=f(x)g(x)

(HIJGJ: x+1
x=1)\x) x(x-1)
Domain: {x|x¢0,x¢1}

(L)er= L= xto 2] 5) - 2

Domain: {x| x#0,x# 1}

18.

19.

149

Chapter 2 Review Exercises

f(x)=-2x" +x+1
f(x+h)—f(x)
h
—2(x+h)2+(x+h)+1—(—2x2+x+l)
- 7
—2<x2+2xh+h2)+x+h+1+2x2—x—l
- 3
“2x% —4xh-2h* +x+h+1+2x> —x—1
B h
_ —4xh-2h* +h 3 h(—4x—2h+1)
- h a h
=—4x-2h+1

a. Domain:{x|-4<x<3};[-4,3]
Range: {y|-3<y<3};[-3,3]

b. Intercept: (0,0)

e f(-2)=-1

d. f(x)=-3 whenx=-4

e. f(x)>0 when 0<x<3
{x|0<x£3}

f.  Tograph y=f(x—3), shift the graph of /

horizontally 3 units to the right.
Y
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g. Tograph y=f (%x] , stretch the graph of

fhorizontally by a factor of 2.
.‘.
6

-

——

(6,3)

N

6

|
@)
|
=]
o
=

(-4, -1
(-8, -3)

-6

h. Tograph y=—f(x) , reflect the graph of /

vertically about the y-axis.

20. a. Domain: (—oo0,4]
Range: (-,3]

b. Increasing: (—o0,—2]and [2,4];
Decreasing: [-2,2]

¢. Local minimumis —1 at x=2;
Local maximum is 1 at x =—2

d. No absolute minimum;
Absolute maximum is 3 at x =4

e. The graph has no symmetry.
f. The function is neither.
g. x-intercepts: (-3,0),(0,0),(3,0);
y-intercept: (0,0)
21, f(x)=x"—4x
F(=x) = (=x)* —4(-x) = —x° +4x
= —(x3 —4x) =—f(x)
f is odd.

150

4+ x*
22. X) =
8(x) 1+x*
g(—x)—4+(_x)2 _4+x2 — g(x)
1+(-x)"  1+x*
g iseven.
23. G(x)=l-x+x

G(—x) =1-(=x)+(-x)’
=1+x—x° #-G(x) or G(x)
G is neither even nor odd.

24, -2
T@=2
- X __=* __
)= 1+ (=x)? 1+ /)
f is odd.
25. f(x)=2x"-5x+1 on the interval (-3,3)

26.

Use MAXIMUM and MINIMUM on the graph
of y, =2x" —5x+1.

20 20
Haxirum ' Hinimurn
W= "B1ZEF1E IV=H.O4ZE0EL WEB1EEF0ZE V= CzoNzR0z
=20 =20

local maximum value: 4.04 when x ~ —0.91
local minimum value: -2.04 when x =0.91

fis increasing on: [-3,-0.91] and [0.91,3];
fis decreasing on: [-0.91,0.91] .
f(x)=2x"=5x" +2x+1 on the interval (-2,3)

Use MAXIMUM and MINIMUM on the graph
of y, =2x" =5x> +2x+1.
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local maximum: 1.53 when x =0.41
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