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Chapter 1

Graphs and Functions

Section 1.1

1.

2.

10.

11.

12.

13.
14.
15.

0

53] =l =¢

V32442 =25=5

117 +60° =121+3600 =3721 = 61>

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

1
—bh
2
true

x-coordinate or abscissa; y-coordinate or
ordinate

quadrants
midpoint

False; the distance between two points is never
negative.

False; points that lie in quadrant IV will have a

positive x-coordinate and a negative y-coordinate.

The point (—1,4) lies in quadrant II.

X +XxX, Yty
T ,M= 1 2 1 2
rue (—2 ,—2
b
a

(a) Quadrant II
(b) x-axis
(¢) Quadrant III
(d) Quadrant I
(e) y-axis

1

16.

17.

() Quadrant IV

YA
61 D=1(6,5)
- .
A=(3,2) -
* £ B=60
I
-6 L 6
C=(2-2e |
E=(0,-3)% *
F=(6,-3)
—6
(a) Quadrant I
(b) Quadrant IIT
(¢) Quadrant II
(d) Quadrant I
(e) y-axis
(f) x-axis
Yi
C=3.49 57 A= 9
® — @
— E=(,1)
F=(3.0) “—_/ D=4 1)
NN Y Y Y .
-5 L 5
B=(3,-4) -
. L
5+
The points will be on a vertical line that is two

units to the right of the y-axis.
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Chapter 1: Graphs and Functions

18. The points will be on a horizontal line that is 2 2
three units above the x-axis. 28. d(Pl’PZ):\/(6_(_4)) +(2 _(_3))
VA =+10% +5% =4/100+25
5_
(—4,3) 2,3) [ (1,3) (5,3) =125 =55
="
0,3) 2 2
U E 2. d(B,P)=(23-(-02))" +(1.1-(03))
= 5 ~2521082 =625+ 0.64

=+/6.89 = 2.62

-5

30. d(R,B)=(-03-1.2) +(1.1-23)’

19. d(P,P)=+(2-0)*+(1-0) =J(=1.52 +(-1.2)> =+2.25+1.44

=22 +1> =4+ :\/g =+/3.69 =1.92
20. d(B,P)=1(-2-0)* +(1-0) 31. d(R,P)=1(0-a)’ +(0-b)
= (2212 =a+1=45 = J(=a)? +(=b)* =\a* +b’
21. ar(1>1,1>2):\/(—2—1)2+(2—1)2 32. d(B,P)=4(0-a)’ +(0-a)’
(3 +12 =9+ 1=+10 =(=a)* +(-a)’

Vo +a* =\2a* =|a|\2
33. A=(-2,5), B=(1,3), C=(-1,0)

d(A4,B) = \/(1—(—2))2 +(3-5)

22. d(a,g):\/(z—(—l))2+(2—1)2

=3 +12 =9+1=410

2. d(R.P)=|(5-3 +(4~(-4) N R N o BN
=22 +(8)" =4+ 64 =68 =217 d(B,C) = \/(_1_1)2 +(0-3)>

= (=2 +(=3)° =V4+9 =413

d(4,C) = \/(—1—(—2))2 +(0-5)
=P +(=5) =1+25 =26

24. d(B,P,) :\/(2—(—1))2 +(4-0)

=J(3) +4* =Jo+16 =25 =5

25. d(P,P)= \/(4—(—7))2 +(0-3)?

YA
=112+ (=3 = V12149 =130 A=A
?B=(1,3)
26. d(Pl,Pz):\/(4—2)2+(2—(—3))2 C|=|(_1|’(|)) = s
=22 +5% =J4+25 =429 -5 - -

27. d(P.P)= \/(6 ~52+(1-(-2))°

=12 +32 =149 =410

=5

2
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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 n [d(B C)]2 _ [d(A C)]2
Pythagorean Theorem: ’ , ’ , ’
[d(4,B)] +[d(B.O)] =[d(4,0)] (10v2) +(10v2) =(20)’
2 2 2 -
(\/ﬁ) +(\/E) :(\/%) 200+200 = 400
400 =400
13+13=26 1
26 =26 The area of a triangle is 4 = Ebh . In this

problem,

The area of a triangle is 4 = %-bh . In this )
A= E~[d(A,B)]-[d(B,C)]

problem,

A=Laa.B)as.0) :%-10\/5-10\/5
_1 _1
_E.\/E-\/I——E'B :%~100~2:100 square units
_13

=5 square units
35. A4=(-5,3), B=(6,0), C=(5,5)

34. A=(-2,5), B=(12,3), C=(10,-11) d(A4,B)= \/(6—(—5))2 +(0-3)°
d(A4,B) = \/(12—(—2))2 +(3-5)° =112 +(=3)? =412149
=142 +(-2)? =V130
=196+4 =+/200 d(B,C)=+(5-6) +(5-0)
=10v2 =12 +52 =1+25
d(B,C) :\/(10—12)2 +(=11-3)? -J26
= J(=2) +(~14)? d(4,C) = \/(5—(—5))2 +(5-3)?
— J45196 = /200 10> +22 =J100+ 4
=10\2 =104
d(4,C) :\/(10—(—2))2 +(=11-5) =226
y
=122 +(~16) 6“_ C=65.5
=144+ 256 = /400 A=(-5.3)
=20 ’<
R
A 6 - B=(6,0)
A=(=2,5) Y‘S: B=(12,3) B
1 1 | m [~ :
s B 4 -6
B Verifying that A ABC is a right triangle by the
B Pythagorean Theorem:
L €=a0-11

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

3
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Chapter 1: Graphs and Functions

[d(4,0)] +[d(B,O)] =[d(4,B)]

(T (455 =
104+26 =130
130=130

The area of a triangle is 4 = %bh . In this
problem,

:%.[d(A,C)]-[d(B,C)]
:i.m.@
226 /26

-2-26

l\JI»—‘ NI»-

= 26 square units
36. A=(-6,3), B=(3,-5), C=(-1,5)
d(A4,B) = \/(3—(—6)) +(-5-3)°

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

145
d(B,C) = \/(—1—3)2 +(5—(-5))

= (4> +10% =16 +100
116 =229

2

d(4,C) = \/(—1—(— 6)) +(5-3)
=52 +22 =\25+4
=29

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:

37.

[d(4,0)T +[d(B,0)] =[d(4,B)]
(35 + 2455 = (5
29+4.29 = 145

29+116=145
145=145

The area of a triangle is 4 = %bh . In this
problem,

:%-[d(A,C)]'[d(B’C)]

=%-@-2@

1
=—-2-29
2

= 29 square units
A=(4,-3), B=(0,-3), C=(4,2)
d(4,B) = \/(o ~4)? +(-3-(-3))
= (=42 +0% =16+0
=16

=4
d(B,C) = \/(4 0F +(2-(-3))
4> +5% =16 +25

2

ET

d(4,C)

I
<__

(4-4*+(2- (3))
0% +5% =0+25

mﬁj

h e
i

A=, 3)

Veritying that A ABC is a right triangle by the
Pythagorean Theorem:
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38.

[d(4,B)] +[d(4,0)] =[d(B,O)]

2
4> +5° :(\/ﬂ)
16+25=41

41=41

The area of a triangle is 4 = %bh . In this

problem,
A= [d(4,B)]-[d(4,0)]

1
=—.4.5
2

=10 square units
A=(4,-3), B=(4,1), C=(2,1)
d(A4,B)= \/(4—4)2 +(1-(=3))’
=Jo+16
=16

=4

d(B,C)=(2-4) +(1-1)’

_J 2P0t = Va0
4

=2
d(4,C) = \/(2—4)2 +(1-(=3))’

={J(=2)* +4* =4+16

-J20
=25
YA
5_
L C=2.1)
= B=(4 1)
Ll 1 N [y
-5 | 5
L A-@3)
S5+

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:

Section 1.1: The Distance and Midpoint Formulas

[d(4,B)] +[d(B,O)] =[d(4,0)]
4427 =(245 )
16+4=20
20=20

The area of a triangle is 4 = %bh . In this problem,

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

21.4.2
2

= 4 square units
39. The coordinates of the midpoint are:

[t it
(x,») (—2 T j

(345 -4+4
L2 2

9

=(4,0)

40. The coordinates of the midpoint are:

[\t nt»m
(x’y)_( 2 ’ 2 j

(55
( J

41. The coordinates of the midpoint are:

(x y):(xl+x2 J’1+J’2)

2 2
(-1+8 4+0
L2 72
(74
272

7

=|=,2
3]
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42. The coordinates of the midpoint are:

2 72

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

1
[-3)

(x y):(xﬁ'xz )’1+J’2j

43. The coordinates of the midpoint are:

2 7 2
_ 749 -5+1
272

_(l6 -4
272

=(8,-2)

(x y):[xl“sz yﬁﬂ’zj

44. The coordinates of the midpoint are:

[\t ntn
(X»Y)—[ 2 ) 2 j

(=442 -3+2
L2 7 2

45. The coordinates of the midpoint are:

2 72
_ a+0 b+0
2 2

(33)

(x y):(xl"‘xz J’1+J’2j

46. The coordinates of the midpoint are:

[t »tn
(x,¥) (—2 T j

(a+0 a+0
L2702

47.

48.

49.

The x coordinate would be 2+3 =5 and they
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 a right 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:

5% +p* =137
25+b% =169
b* =144
b=12

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

are (3,11) and (3,-13).

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

d:\/(xz_xl)2+(J’2 _)’1)2
-2y +(-1-p)
=\(5) + (1)
ey

13=1/y* +2y+26

15[\ 25 +26)

169 = y* +2y+26
0=y>+2y—143

0=(y—11)(y+13)
y=11=0 or y+13=0

y=11 y=-13
Thus, the points (3,11) and (3,-13) arca
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).

d =5 ) +(3s )
= J1-x) +(2-(-6))
_JE el

=\/x2 —2x+65
17 =vx% =2x+65

2
17? =(\/x2—2x+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

dz\/(x2 _xl)2 "‘(J’z _J’1)2
—J(4=x) +(-3-0)?
= J16—8x -+ +(-3)’
=16-8x+x>+9
=x> —8x+25
6=x>—8x+25
2
62 :(\jx2 —8x+25)
36 = x> —8x+25
0=x>—8x—11
e —(-8) £4/(-8)" —4()(-11)
- 2(1)
_8+64+44 84108

2 2
+
= 8+6V3 =4+33

2
x=4+33 or x=4-33
Thus, the points (4+3\/§,0) and (4—3\/3,0) 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 ‘xl)2 +(7 ‘yl)z
=\(4-0) 4 (3-y)
—\I16+9+6y+)7
e

Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions

Chapter 1: Graphs and Functions

6=+y" +6y+25 x:xl+x2 and yZJ’1+y2

2 2
2
62=(x/y2+6y+25) o T3tm 46t
2 )
2
36=y"+6y+25 2=-3+x, 8=6+y,
0:y2+6y—11 1:X2 2:y2
_(=6)£4(6) —4(1)(~11) Thus, 7, = (1,2).
) 2(1)
_ —6+36+44  —6++/80 56. M:(x,y)z(xl*sz,Lzyzj,
- 2 2
_6+4\/§ })2:()(2,)/2):(7,—2) and (x,y):(S,—4),SO
== 34245
2 x=x1+—x2 and y:yl_‘__yz
y=3+205 or y=-3-25 2 2
_x+7 Lo NHE2)
Thus, the points (0,—3+2\/§) and (0,—3—2\/5) 5 “T T
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,

Thus, B =(3,-6).
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 AB is: = ( ;6 s ()JFTOJ
(2-3,5-4)=(-11) -(.0)

T Cibvact ot scoontnateand dd § 0 The midpointof AC: £=( 7%, €32
the y-coordinate. _ ( , 2)
(2-2,5+8)=(0,13)

The midpoint of BC is: F = (%4 %)
54. Let the coordinates of point B be (x, y) . Using B (5 2

the midpoint formula, we can write

(2,3):[_1” 8+—yj d(C,D)=+/(0-4)" +(3-4)’

>

2 2
. , ==+ (D)2 =A16+1 =417
This leads to two equations we can solve.
2
‘12”:2 8+Ty:3 d(B,E)=(2-6)* +(2-0)’
[ 2, A2

—-1+x=4 8+y=6 =4/(-4)" +2° =+/16+4

x=5 y=-2 =20 =25

Point B has coordinates (5,—2) . d(A,F)=4+/(2 —0)? +(5-0)°
=22 +5% =4+25
R -

B =(x,»)=(-3,6) and (x,y) =(-14), 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(a,g):\/(6—(—1))2+(2—4)2

_ _ 2 — 2
d(R, P,)=(0=0)"+(4-0) =7+ (=27

=16 -4 =49+ 4
d(B, P)=(x—0)* +(y—0) _ /5

:Vx22+y22:4 d(P,,P,) = \/(4 6)’ +(-5-2)*
- x"+y =16 ;—( 2)2+(_7)2

(P, P)=(x=0) +(y—4)’

=y’ +(y—4)* =4 _

- X +(y-4)* =16

Therefore,
3 :(y_4)2 = /5% +(-9)?
y2=y2—8y+16 =+/25+81
8y =16 =+/106
y=2 Since [d(B, B[ +[d(B. )] =[d(B.B)] .
W?iCh égives the triangle is a right triangle.
X +27 =16 Since d (P, P,)=d (P, B,), the triangle is
=12 isosceles.
x=123 Therefore, the triangle is an isosceles right
Two triangles are possible. The third vertex is triangle.

~243,2) or (243, 2).
( ) ( ) 61. d(Pl,Pz)=\/(0—(—2))2+(7_(_l))2

59. d(R.P)=+(-4-2)+(1-1) 2248 =41 64 =63
G 27
=36 d(P,B)=+(3-0) +(2-7)°
- 5 =0
d(PB) = (-4 (-4)) +(-3-1)° _
0% +(~4)° d(B.P)=\(3-(-2))" +(2-(-D)’
- f 713 <55
d(R, P)=(-4-2)* +(-3-1) i S anele
ince d(P,,P)=d(FB,B), the triangle is
=(= 6)2 + (- 4)2 isosceles.
=36+16 Since [d(R, )] +[d(P, R)] =[d(R.B)] .
=J52 the triangle is also a right triangle.
—2J13 ;l;?;fglfgre, the triangle is an isosceles right

. 2 2 2
Since [d(R, BT +[d(P, P)J =[d(R, )],
the triangle is a right triangle.

9
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62.

63.

A(R.P) =\(-4=7) +(0-2)

=J(=11)? +(=2)?
=J121+4 =125
=55

d(Py, ) =(4=(=4)) +(6-0)

=82 +6% =/64+36

100
=10
d(R.B)=\(4-7) +(6-2)"
={(-3)" +4* =J9+16
=JE
=5

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

the triangle is a right triangle.
Using the Pythagorean Theorem:
90> +90* =d*
8100+8100=d"
16200 = d*
= /16200 = 90~/2 ~ 127.28 feet

9 90

90 90

64. Using the Pythagorean Theorem:

60% +60* = d*
3600+3600 = d? — 7200 = d*

d =~/7200 = 602 ~ 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) + (15-90)’

= /2207 +(=75)* =+/54025

=5v2161 = 232.43 feet

Using the distance formula:
d= \/(300—0)2 +(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 =J(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

Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions
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67. The Focus heading east moves a distance 60¢ 70. Let B =(2013,102.87) and
after ¢ hours. The truck heading south moves a P, =(2017,126.17) . The midpoint is:
distance 40¢ after ¢ hours. Their distance apart
afier ¢ hours is: (3 7) = (MT% wTyzj
d =+J(601) + (45t)
_(2013+2017 102.87+126.17

= /360072 +2025¢* = ) ’ b

= V5625¢° _ ( 4030 229.04)

=75t miles 2 2

60t =(2015,114.52)
The estimate for 2010 is $114.52 billion. The
45t d estimate net sales of Costco Wholesale

Corporation in 2015 is $0.85 billion off from the
reported value of $113.67 billion.

71. For 2009 we have the ordered pair

15 miles 5280 ft 1 hr =22 ft/sec (2009,21756) and for 2017 we have the ordered

1 hr 1 mile 3600 sec

d= /1002 +(22t)2 pair (2017,24858). The midpoint is

. 2009+2017 21756+24858
=+/10000 +4847* feet (year, $) =

68.

B

2 2
22 _[4026 46614)

>

27 2
=(2013,23307)

Using the midpoint, we estimate the poverty
level in 2013 to be $23,307. This is lower than
the actual value.

100 d

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 B = (ﬁ’ ﬁa} . Then
desired intersection point is: 2 2
[xl+x2 y1+y2):(2.6+2.7 1.5+1.7j d(Pl,P2)=\/(xz—x1)2+(y2—yl)2
272 2 72
3 32 = J(a=0) +(0-0) =\a? =q|
- (T T) 2
d(Pz,P3):\/(x2 _xl) +(y2 J’1)
=(2.65,1.6) ; >
b. Using the distance formula: = \/ %—aj +(\€a —OJ

d =+)(2.65-1.4)> +(1.6-13)’

2 2
= J1.257% +(03)? iy ﬁ%: %ZJC?ZM
— J1.5625+0.09
—J1.6525

~1.285 units

11
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_a_3L: da e
_1/4+4 = =l

Since the lengths of the three sides are all equal,
the triangle is an equilateral triangle.
The midpoints of the saids are

O0+a 0+0 a
Mpp = ,—|=]=.0
’“’2(2 2)&)

M. = a+l 0+\/§a [ 3a J3a
Brfy 2, 4
2 2
a J3a
0+§ 0+— u \/ga
AR 2 2 | |4 4
Then
3a a : \/5(1 ’
d(MP.Pz’MPzP): (Z‘gj +[ ) ‘OJ 74.

12

. Let B

75.

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

=(0,0), P, =(0,s), P, =(s,0), and
P, =(s,s) be the vertices of the square.
y

©,3 (59

0
(0,0) x

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

0+s O+s s s
M =\——|=| -
hA ( 272 j (2 2]

O+s s+0 s s
M,,=|—>"—1|=|2,=
g ( 272 j [2 2]

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

Let P=(a,2a). Then

\/(a+5)2 +(2a-1) :\/(a—4)2 +(2a+4Y’
(a+5) +(2a-1)" = (a-4)’ +(2a+4)
5a* +6a+26=>5a" +8a+32
6a+26=8a+32

—2a=6
a=-3
Then P =(-3,-6).

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

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

+(0-0)’

d(R,By) =(a—0)

2
e <[

d(Pz,P3):\/[(a+b)—a]2 +(c-0)
=+b? +¢?
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Section 1.2: Graphs of Equations in Two Variables; Circles

3. intercepts

d(%,a)z\/[b—(mb)]z+(c_c)2 4. y-axis
=a* =|d 5 (-3.4)

and 6. True
2 2 7. False
d(Pl’P4):\/(b_0) He=0) 8. radius

=\b* +¢?

F and P, are the endpoints of one diagonal, and 10. d

9. True; =9 >5r=3

Py and £, are the endpoints of the other 11. False; the center of the circle

diagonal. The lengths of the diagonals are (x N 3)2 N (y _ 2)2 —13is (_3 2)

d(R,B) =\[(a+b)—0] +(c—0)’ 2. a
—a? +2ab+b* + 13. y=x'-Jx
and 0=0"-0 1=1-V1 4=@2"-\2

0=0 1+0 4£16-2

_ — )2 _0\?
d(Bp B =N -a)y+ (C 0) ’ The point (0, 0) is on the graph of the equation.

2 2 2
= —2ab+b” +
Vo -2a ¢ 4. y=x -2x

Sum of the squares of the sides: 0=0°—2J0 1=1 —21 =P -2
>+ (W2 +2 )V +d’ + (Wb +*)? 0=0 1#-1 —1=-1

) ) ) The points (0, 0) and (1, —1) are on the graph of
=2a"+2b"+2c the equation.
Sum of the squares of the diagonals:

, , 15. y2=x*+9
(\/a2+2ab+b2+cz) +(Ja2—2ab+b2+c2) 2-0249  02=3249 0% =(=3)*+9
9-9 0218 0218

5.2 2 2
=2a"+2b"+2c The point (0, 3) is on the graph of the equation.

76. Answers will vary.

16. y’ =x+1
22=1+1 P=0+1 0'=-1+1
8#2 1=1 0=0
The points (0, 1) and (-1, 0) are on the graph of
Section 1.2 the equation.
1. add: (%_10)2:25 17. 2 +)2 =4
X P+ =4 (-27+22=4 (V2) +(\2) =4
2. (x-2)" =9 4=4 8+ 4 4—4
x=2=19 (0, 2) and (JE, \/E) are on the graph of the
x—2=43 i
r=243 equation.

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

13
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Chapter 1: Graphs and Functions

18. x*+4)>=4 The intercepts are (—4,0) and (0,8).
02+4-P=4 2244.0°=4 22+4(1) =4 J) y=2x+8
4=4 4=4 544 (0.8)
The points (0, 1) and (2, 0) are on the graph of
the equation. (—4,0)
I T T T T Y
19. y=x+2 -10 10
x-intercept: y-intercept:
0=x+2 y=0+2
—2=x y=2 10
The intercepts are (—2,0) and (0,2).
Vp y=x+2
5 |—
B 22. y=3x-9
(0,2) x-intercept: y-intercept:
2,0 - 0=3x-9 =3(0)-9
|( | 1 ) | L1111 X * y=3(0)
-3 B 3 3x=9 y=-9
. x=3
— The intercepts are (3,0) and (0,-9).
-5t YA
101~
20, y=x-6 —
x-intercept: y-intercept: B
0=x-6 y=0-6 [ T 4 O Y I
6=x y=-6 -10 L /(3,0) 10
The intercepts are (6,0) and (0,-6). B
YA =3x—9
SL (0.-9f ”
jé_l_l_ 23. y=x"-1
x-intercepts: y-intercept:
0=x"-1 y=0*-1
¥ =1 y=-1
;6/ x=z1
21. y=2x+8
x-intercept: y-intercept:
0=2x+8 y=2(0)+8
2x=-8 y= 8
x=-4

14
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The intercepts are (—1,0), (1,0), and (0,-1).
poy=x"-1

-5}
24. y=x*-9
x-intercepts: y-intercept:
0=x"-9 y=0*-9
x* =9 y=-9
x=13
The intercepts are (-3,0), (3,0), and (0,-9).
Y y = X -9
10
3.0\ | /3.0
|( | 1 )I L] 1 |( I 2 X
-10 | 10
_10 - (Oa _9)
25. y=-x’+4
x-intercepts: y-intercepts:
0=-x>+4 y:—(0)2+4
x* =4 y=4
x=%2
The intercepts are (—2,0), (2,0), and (0,4).
YA
31(0,4)
y=—x*+4 /L
2,0 — 2,0
g L |) I ( I |) L
=5 | 5
_5 |

Section 1.2: Graphs of Equations in Two Variables; Circles

26.

27.

28.

15

y= -x2 +1
x-intercepts: y-intercept:
0=—x"+1 y=—(0)"+1
x* =1 y=1
x==1
The intercepts are (—1,0), (1,0), and (0,1).
YA
5 L
—y=—x*+1
0, 1)
L TN X
=5(-1,0)/ L \(1,0) 5
—5}
2x+3y=6
x-intercepts: y-intercept:
2x+3(0):6 2(0)+3y=6
2x=6 3y=6
x=3 y=2
The intercepts are (3,0) and (0,2).
Y
5 —
— 2x + 3y =06
I I 1 L1 X
- - 3, ON
5}
Sx+2y=10
x-intercepts: y-intercept:
5x+2(0)=10 5(0)+2y=10
5x=10 2y =10
x=2 y=5
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Chapter 1: Graphs and Functions

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

Yy

(0,5)

5x

(2,0)
L1

+2y =10

X

29. 9x* +4y=36
x-intercepts:
9x* +4(0) =36

5

y-intercept:
9(0)° +4y =36

9x* =36 4y =36
x* =4 y=9
x=12
The intercepts are (—2,0), (2,0), and (0,9).
Y)
10 L (0, 9)
I (|_|2’(|)) B (2|’0|) 11X
-10 L 10
] 9x2 + 4y =36
30. 4x’+y=4
x-intercepts: y-intercept:
4x* +0=4 4(0) +y=4
4x* =4 y=4
x* =1
x==1

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

y

5_

(0, 4)

4x* +y=4

[\ (1,0

L1111 F

31. vy
®)=(3,4 5
.

5

G,
[ ]

N O Y
=

-5

[ ]
(©=(-3,-4) -5

32. Y4

5
(b)=(-5,3)
®

[ ]
@ =3, —4)

(5.3)
[ ]

I T .3

[ ]
(©)=(=53)
-5

33. i
5

(2.1
[ ]
LL10

r

L]
@) =(5,-3)

=02, 1D
[

[ I 3

-5 R
@=(2-1

-5

16
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34. yA
S_
©=-42) - @®W=42)
® - °
IR A A =
[ ] — L ]
b =(4-2) “,-2)
-5
35. y
5:
©=(5,2) - @=(5,2)
® — [ ]
AN E AN AN AR R
-5 B 5 X
® — [ ]
(b)=(-5,-2) B (5,-2)
_57
36. yl\
5_

@=cL1D =01

[ ] [ ]
[ I R
_ ® o 5
-1,-D) F®)y=a,-1)
<L
37. YA
@=(34) 57 (©)=3.4)
[ ] — L ]
AR I B AR
® : L ]
(3,4 _s|-(b)=(3,-4)
38. y‘\
5_
©@©=(=0) | (@=@0)
=0 [ 0
-5 | 5
Sf

17

39.

40.

41.

42.

43.

44.

45.

46. a

47. a

48. a

Section 1.2: Graphs of Equations in Two Variables; Circles

y
5
@) =1(0,3)
©)=(0,3)
L g X
5 3
0, 3
(b)=(0,-3)
-5
YA
5_
@=(3.0 [©=6G.0
3,00 =30
R
5 B 5
s
a. Intercepts: (—1,0) and (1,0)

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

a. Intercepts: (0,1)
b. Not symmetric to the x-axis, the y-axis, nor

the origin

a. Intercepts: (—%,O), (0,1), and (%,0)

b. Symmetric with respect to the y-axis.
a. Intercepts: (-2,0), (0,-3), and (2,0)
b. Symmetric with respect to the y-axis.
a. Intercepts: (0,0)

b. Symmetric with respect to the x-axis.

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

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

Intercepts: (—2,0), (0,0), and (2,0)

b. Symmetric with respect to the origin.

Intercepts: (—4,0), (0,0), and (4,0)

b. Symmetric with respect to the origin.
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49.

50.

51.

52.

53.

54.

5S.

56.

x-intercept: [-2,1], y-intercept 0

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

x-intercept: [—1,2], y-intercept 0

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

Intercepts: none

Symmetric with respect to the origin.

Intercepts: none

Symmetric with respect to the x-axis.

I\II};_IIfI

X

IrTTTTTTT

I
5

T 11T
SIE]
<

—
|

N

()

=
T

&
T T 1T

f~
=)
~

)
(

>

[\
\S)

)

58.

59.

18

57.

yr=x+4

x-intercepts: y-intercepts:

0> =x+4 Y =0+4

4= V=4
y=12

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

(—y)2 =x+4
y2 =x+4 same

Test y-axis symmetry: Let x = —x

y? =—x+4 different

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

(-»)
y* = —x+4 different

=—x+4

Therefore, the graph will have x-axis symmetry.

¥ =x+9

x-intercepts: y-intercepts:

(0> =—x+9 ¥ =0+9
x=9 y=13

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

(—y)2 =x+9
y2 =x+9 same

Test y-axis symmetry: Let x = —x

y? =—x+9 different

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

(—y)2 =-x+9

y? =—x+9 different

Therefore, the graph will have x-axis symmetry.

y=3x

x-intercepts: y-intercepts:
0=3x y=J0=0
0=x

The only intercept is (0,0).
Test x-axis symmetry: Let y =—y
—y =[x different
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60.

61.

62.

Section 1.2: Graphs of Equations in Two Variables; Circles

Test y-axis symmetry: Let x =—x X2 —-0-4=0 0°—y—4=0
y= Y=x ==Yx different 2 =4 -y=4
Test origin symmetry: Let x=—x and y=—y x =12 y=-4
Vel The intercepts are (-2,0), (2,0), and (0,-4).
e 3Ix same Test x-axis symmetry: Let y=—y
x* - (—y) -4=0

Therefore, the graph will have origin symmetry.
x*+y—4=0 different

y= Ix Test y-axis symmetry: Let x = —x
x-intercepts: y-intercepts: (_ x)2 —y—4=0
3 _ 5/ _
0=3/x y=30=0 x*—y—4=0 same
0=x

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

(-3 ~(-3)-4=0
x* +y—4=0 different

The only intercept is (0,0).
Test x-axis symmetry: Let y =—y
—y=%/x different

Test y-axis symmetry: Let x = —x

Therefore, the graph will have y-axis symmetry.

2 2 _
y=3—x=-Yx different 63. 9x" +4y° =36
. x-intercepts: y-intercepts:
Test origin symmetry: Let x=—-x and y=—y B 5 2 )
i 90x2 +4(0) =36 9(0)’ +4)” =36
TYENTEETNA 9x? =36 4% =36
y=3x same o4 32 =9
Therefore, the graph will have origin symmetry. x=12 y=13
, The intercepts are (-2,0),(2,0), (0,-3), and
x"+y-9=0 (0,3)
x-intercepts: y-intercepts: o
2-9-0 02+y-9=0 Test x-axis symmetry: Let y =—y
2
X2 =9 y=9 9x2+4(—y) =36
x=%3 9x? +4y2 =36 same
The intercepts are (-3,0), (3,0), and (0,9). Test y-axis symmetry: Let x =—x
2 2
Test x-axis symmetry: Let y = —y 9(-=x)" +4y” =36

2 2 _
x* - y—9=0 different 9x” +4y° =36 same

Test origin symmetry: Let x=—x and y=—y
9(~x)’ +4(-y)’ =36
9x? +4y* =36 same

Test y-axis symmetry: Let x = —x
(—x)2 +y-9=0

x> +y-9=0 same ) ] )
o Therefore, the graph will have x-axis, y-axis, and
Test origin symmetry: Let x=—-x and y=-y origin symmetry.

(—x)*=y-9=0
x> —y-9=0 different

64. 4x*+y* =4

Therefore, the graph will have y-axis symmetry. x-igtercipts: y-intezrceptzs:
4x"+0" =4 4(0)"+y" =4
X —y-4=0 4x* =4 y =4
x-intercepts: y-intercept: w2 =1 y=12
x==I1

19
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Chapter 1: Graphs and Functions

65.

66.

The intercepts are (—1,0), (1,0), (0,-2), and
(0,2).

Test x-axis symmetry: Let y=—y

4x* + (—y)2 =4

4x* +y* =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
() + () =4

4x* +y* =4 same

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

y=x"-27

x-intercepts: y-intercepts:
0=x"-27 y=0°-27

X' =27 y=-27
x=3

The intercepts are (3,0) and (0,-27).
Test x-axis symmetry: Let y =—y
—y=x"-27 different

Test y-axis symmetry: Let x = —x
y= ( —)c)3 =27
y=-x>-27 different

Test origin symmetry: Let x=—-x and y=—y
-y= (—x)3 =27
y=x"+27 different

Therefore, the graph has none of the indicated
symmetries.

y= xt -1

x-intercepts: y-intercepts:
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

67.

68.

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

4
y=x" —1 same

Test origin symmetry: Let x=—x and y=—y
4
-y =(-x) -1

—y=x*—1 different

Therefore, the graph will have y-axis symmetry.

y=x*-3x—4

x-intercepts: y-intercepts:
0=x"-3x-4 y=0>-3(0)-4
O:(x—4)(x+l) y=—4

x=4 or x=-1
The intercepts are (4,0), (-1,0), and (0,—4).

Test x-axis symmetry: Let y=—y
—y=x*-3x—4 different

Test y-axis symmetry: Let x = —x
y=(=x)" =3(-x)-4
y=x*+3x—4 different

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

-y = (—x) —3(—x)—4

—y=x*+3x—4 different

Therefore, the graph has none of the indicated
symmetries.

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

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

y= x* +4 same
Test origin symmetry: Let x=—x and y=—y

-y = (—x)2 +4

—y = x*+4 different

Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions

69.

70.

Therefore, the graph will have y-axis symmetry.

. 3x
249
x-intercepts: y-intercepts:
_ _30) 0
X249 C0%49 9
3x=0
x=0

The only intercept is (0,0).

Test x-axis symmetry: Let y =—y
3x

—y=
x2+9

different

Test y-axis symmetry: Let x = —x
3(-x)
(—x)2 +9
3x

y=- different
x> +9

Test origin symmetry: Let x=—-x and y=—y
3(=x)
(—x)2 +9
3x
x*+9

—y=

y= 3x same
x2+9

Therefore, the graph has origin symmetry.

_ x* —4
7 2x
x-intercepts: y-intercepts:
xr—4 0*-4 -4
0=—— y= =—
2x 2(0) o0
X -4=0 undefined
x2=4
x=22

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

Xt -4

2x

-y= different

Section 1.2: Graphs of Equations in Two Variables; Circles

71.

21

Test y-axis symmetry: Let x = —x

() -4
SEIES
x* -4
y=- different
2x
Test origin symmetry: Let x=—x and y=-y
()4
T ()
o x* -4
’= —2x
P
= same
7 2x

Therefore, the graph has origin symmetry.

3

X
re x* -9
x-intercepts: y-intercepts:
—x’ -0° 0
R U R
-’ =0
x=0

The only intercept is (0,0).
Test x-axis symmetry: Let y=—y

—y=
x2-9
3
different

= x
x2-9

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

y:

y= different

x" =9

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

(=)’

—y=
(—x)" -9
_y— x3
x2-9
3
y= same
x2 -9

Therefore, the graph has origin symmetry.
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xt+1 74. x= y2
2x° v
x-intercepts: y-intercepts: S

: N
el Tl (1, 1)

2% 2 (0)5 0
o undefined

72. y=

0

no real solution

There are no intercepts for the graph of this :(l’ -1
equation. -5

Test x-axis symmetry: Let y =—y

4
v== L different 75 =
X

Test y-axis symmetry: Let x = —x
4 4.2

(=) 1 (1, 1) 42
y_ 5 B
2(-x) >

4

y= x2+51 different = (0,0) B 5

-2x

<

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

(—x)4 +1

2(~x)’

76. y=—
x+1 g X

- -2
y= x4l same
2x°

Therefore, the graph has origin symmetry.

-y

W<

73.

77. 1f the point (a,4) is on the graph of

y =x* +3x, then we have
4=a*+3a

sk 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.
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78.

79.

80.

81.

82.

83.

Section 1.2: Graphs of Equations in Two Variables; Circles

If the point (a,—5) is on the graph of

General form: x*+y? —4=0

y = x* +6x, then we have z
—5=a’ +6a C
0=a’+6a+5 /_ (0, 0)
[ | 1 T e
0=(a+5)(a+1) = \j 5
a+5=0 or a+1=0 B
a=-5 a=-1 <L
Thus, a=-5 or a=-1. B
Center = (2, 1)
Radius = distance from (0,1) to (2,1)
- S 84. (x—h)Yl+(y—k)* =
=J2- 1-1)% =\4=2
(2-0)"+( (x—0)2 +(y—0) = 32
S 12 =
Equation: (x-2)"+(y-1)" =4 x2+y2=9
Center = (1, 2) General form: x* +y*-9=0
Radius = distance from (1,0) to (1,2) YA
s
=JA-1)2+(2-0)> =4 =2 -
Equation: (x—1)* +(y—2)> =4 N @:| A\
Center = midpoint of (1, 2) and (4, 2) - \y >
_ (144 2+2) _(5
‘( 2 72 )‘(2’2) S
Radius = distance from (%, 2) to (4,2)
85. (x—h)Y’+(y-k)?=r
5Y 9 3 2 22
= (4—-] +(2-27 =, -== (x=0)"+(y-2)" =2
2 42 o
X (-2 =
Equation: [x—%j +(y—2)2:% General form: x* + y* —4y+4=4
x* +y?
Center = midpoint of (0, 1) and (2, 3) Vi
:(0+2’1+3j:(1’2) 5E
Radius = distance from (1,2) to (2,3) i
L1l L1l
=J(2-1)+3-2?% =2 -5 C 5
Equation: (x—1)2+(y—2)2:2 C
5

(x=h)Y? +(y=k)* =r
(x=0)*+(y-0)* =2°

x2+y2=4

23
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86. (x—h)’+(y—k):=r? 89. (x—h) +(y—k)’ =1
(x=1)% +(y-0)* =3 (x—(=2) +(y-1)* =47
(x-1)>+y* =9 (x+2)* +(y-1)* =16
General form: x* —2x+1+y° =9 General form: x* +4x+4+y* —2y+1=16
4y’ —2x-8=0 X4y +dx—2y-11=0
YA Y
sk 8
L1 (_él I B
-5 L (1, 0) 5 —
- B L] X
4
5
87. (x—h)’+(y-k)* =+
(=4 +(y—(-3) =5 90. (x—h)’+(y=k)'=r
(x—4)?+(y+3)* =25 (x=(=3)+(r=(=2))’ =7
General form: (x+5)2 +(y+2)* =49

2 2 _
X" =8x+16+y" +6y+9=25 General form: x* +10x+25+y* +4y+4=49

2 2 _
X4y -8x+6y=0 43 +10x+4y-20=0

2_
I_IIIIIII

L]
“ -3)

-8

88. (x—h)’+(y—k)*=r*
(x=2) +(y—(-3)° =4
(x-2)*+(y+3)* =16 5 5
General form: x> —4x+4+)y>+6y+9=16 (x—%j +(y-0)* = %)
Xy’ —4x+6y-3=0

91. (x—h)Y’+(y—k)?=r
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Section 1.2: Graphs of Equations in Two Variables; Circles

z B ¢. x-intercepts: x’ +(0)2 =4
x’=4
B x=1/4 =142
I I /_\ | X y-intercepts: (0)2 +yr =4
-2 \l/l 2 y' =4
- (220) y=tJ4=42
Sl The intercepts are (—2 0), (2, O), (0, —2),
and (0,2).
92. (x—h)Y+(y—k)* =r? 94, ¥ +(y—1) =1

o2 -3

a. Center:(0, 1); Radius =1

2
1) 1
2
Pt pam| == b.
(y 2) 4

General form: x* + y2+ y+l=l
4 4
x2+y2+y:0
y N 5
ok :
B -4
l 1 L [ . 2 2
i) Q) o c. x-intercepts: x” +(0—-1)" =1
p
2
(0 _l) x +1=1
2 x* =0
-2 x:i\/6:O
y-intercepts: (O)2 +(y-1*=1
93. x2+y2=4 2
sy (y-D" =1
X +y =2
y—lzi\ﬁ
a. Center: (0,0); Radius =2 y-1==l
b. y=1=+1
y=2 or y=0
The intercepts are (0,0) and (0,2).
e 95. 2(x-3)+2)° =8
5
(x—3)2+y2:4

a. Center: (3, 0); Radius =2
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Chapter 1: Graphs and Functions

b YA
5_
B (3,0)
L | K_?& =
2 B u
_4_
c. x-intercepts: (x—3)2 +(0)2 =4
(x-3)’ =4
x-3=+J4
x=3=%2
x=3£2
x=5 orx=1
y-intercepts: (0—3)2 +y* =4
(-3 +y* =4
9+y” =4
y =5

No real solution.
The intercepts are (1,0) and (5, 0).
96. 3(x+1)"+3(y-1)" =6
(x+1)° +(y-1)" =2

a. Center: (-1,1); Radius = V2

26

c. x-intercepts: (x+1)2 +(0—1)2 =2
(x+1)" +(-1)" =2
(x+1)* +1=2
(x+1)° =1
x+1=+1
x+1=%1

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

97. x*+)y’—2x—4y-4=0
x*—2x+y* —4y=4
(x* =2x+D)+(? —4y+4)=4+1+4
(x=1)?+(y-2)* =3
a. Center: (1,2); Radius=3

b. y
5

L1111
-5

-5

¢. x-intercepts: (x—1) +(0—2)> =32
(r=1)*+(=2)" =3
(x-1)"+4=9
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Section 1.2: Graphs of Equations in Two Variables; Circles

y-intercepts: (0—1)2—1-()/—2)2 =32 99. x2+y2+4x—4y—1=0
(_1)2+(y_2)2:32 x2+4x+y2—4y:1
L+(y=2)" =9 (X +4x+d)+ (0  —4y+4)=1+4+4
Y , (x+2)* +(y-2)* =3
(y-2) =8 .
a. Center: (-2, 2); Radius =3
y-2=+J8 b. y
y—2:i2\/§ -
y=2t2\2 (-2,2)
. -
The intercepts are (1—\/5,0),(1+\/§,0), Ny
5 f 5 x
(0.2-2v2),and (0,2+2V2). \/_
2, 2 N
98. X +y +4x+2y-20=0 s

x2+4x+y2+2y=20

c. x-intercepts: (x+2)> +(0-2)? =37
(2 +4x+4)+ (2 +2y+1) =20+ 4+1 pis: (x+2)7+(0-2)

(x+27 +(r+1) =5 (“2)2+j:9
a. Center: (-2,-1); Radius=5 (x+2)"=5
b. y x+2:i\/§
5 x=-2+5
y-intercepts: (0+2)* +(y—2)* =3
L |§ ] 4"‘()’—2)2:9
2 (y-2)" =5
y=2=+5
-5 y=2i«/§

The intercepts are (—2 - \/g , O),

(—2+\B, 0), (0,2—«5), and (0,2+«E).

c. x-intercepts: (x+2)* +(0+1)* =5
(x+2)*+1=25

(x+2)* =24 s
100. X" +y —6x+2y+9=0
x+2=1/24 x2—6x+y2+2y=—9
x+2=42/6 (2 —6x+9)+ (12 +2y+1)=-9+9+1
x=-2+26 (x=3)" +(y+? =1"
y-intercepts: (0+2)* +(y +1)* =5 a. Center: (3,-1); Radius=1
4+(y+1)* =25 b. g\
(y+1)* =21 C
y+1:i\/ﬁ B
y=-1£21 N B B A B
The intercepts are (—2—2\/6,0), - — >
3._
(-2+276,0), (0,-1-+21), and - G.-1)
(O,—l+\/i). -F
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Chapter 1: Graphs and Functions

c. x-intercepts: (x—3)* +(0+1)* =1 102 x2+y2+x+y—l=0
(x-3)*+1=1 2 1
(x—3)2=O x2+x+y2+y:5
SN (x2+x+lj+( 24 +l)—l+l+l
X r=3 79 M CAREAY AR
y-intercepts: (0—-3)" +(y+1)" =1 12 1
9+(y+1)* =1 [x+5j +[}’+5j =12
(y+1)’ =-8 Lo
No real solution. a. Center: (—5,—Ej;Radius=l
The intercept only intercept is (3,0). b YA
2, 2 2r
101. X +y —=x+2y+1=0
xz—x+y2+2y:—l ~
(x2_x+lj+(y2+2y+1):_1+l+1 LA D | X
4 4 -2 2
2 2
(x—lj +(y+1)2:(l] Vv
2 2 (_l _l)
> L

a. Center: [l,—lj;Radius=l
2 2

. 1Y 1y
b. y c. x-intercepts: x+§ + O+E =1

1
_’_l 2
2 (2 ) x_—li\/g
1Y 1Y 2
¢. x-intercepts: (x——) +(0+1)2=(—j 1V 1
2 2 y-intercepts: [0+—) +(y+—) =1°
1y 1 2 2
(.x_—J +1=— 1 | 2
2 4 —+(y+—j =1
(x_lT 3 4 2 ,
2 4 (y+l) _3
No real solutions 2 4 A
: 2 1 3
y-intercepts: (O—%J +(y+1)2 :[%) y+—=i7
1 12 1 y= —1i\/§
—+(y+1) == =
;o) =g 2
2 = —
(y+1) =0 The intercepts are( 1 \/E,OJ, [ 1+\/§,OJ,
y+1=0 2 2
=-1 -1-43 1443
Th i i 0, ,and | 0, ,
e only intercept is (0,—1). ) )
28
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Section 1.2: Graphs of Equations in Two Variables; Circles

103.  2x7+2)* —12x+8y-24=0 b. YA
x2+y2—6x+4y=12 5:
x2—6x+y2+4y=12 (-2,0) B

(x2—6x+9)+(y2+4y+4)=12+9+4 L1 | _| L L1l X
_ =/ o
(x=3) +(y+2)> =5 > -
a. Center: (3,-2); Radius=5 -
b. Ay -5
5
. 2 2 1
c. x-intercepts: (x+2)° +(0) =3
AL N 2_1
! L (x+2) 5
x+2=4% 1
2
x+2—i£
2
¢. x-intercepts: (x—3)? +(0+2)* =5° 2+\/§
x=-2+3%
(x=3)’ +4=25 2
(x—3)2 -21 y-intercepts: (0+2)* + »* :%
x-3=%J21 4+y2:%
x=3%421 ) 7
y-intercepts: (0—3)2 +(y+2)* = 5 Yoy
9+(y+2)2 =25 No real solutions.
(y+2)2 =16 The intercepts are (—2—%,0} and
y+2==44 \/_
y=-2%4 (—2+—2,0J.
y=2 or y=-6 2
The intercepts are (3—@, O), (3+x/i,0), 105. 2x% +8x+2y° =0
2 2
(0,-6), and (0, 2). X +dx+y” =0
x2+4x+4+y2 =0+4
104. a. 2x°+2)" +8x+7=0 (x+2) 47 =23
2 2 _
2x" +8x+2y" =T a. Center: (-2,0); Radius: r =2
2 2 7
X +4x+yt =—— b YA
. sk
(x2+4x+4)+y2=—z+4 B
2 (-2, 0)
1
2, 2 1 B
(x+2)+y—2 IS LN ||||%X
2 =3 v_ 5
(x+2)2+y? :(ﬁj B
2 L
-5
Center: (-2, 0); Radius = ﬁ

2
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Chapter 1: Graphs and Functions

c. x-intercepts: (x+ 2)2 +(O)2 =2? 107.
(x+2)* =4
(x + 2)2 =+V4
xX+2=12
x=-2%2
x=0 or x=—4 108.
y-intercepts: (0+2)2 +y? =27
441> =4
’=0
y=0
The intercepts are (—4,0) and (0, 0). 109.
106. 3x*+3y*-12y=0
x? -i—y2 -4y =0
X+ —4y+4=0+4
2 4(y-2) =4
a. Center: (0,2);Radius: r=2
b. y
sk 110.
(0.2) T
L 111 AR
5 B
o

c. x-intercepts: x” +(0— 2)2 =4

x*+4=4

The intercepts are (0, 0) and (0

N
\.—/

30

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

r=y(-2-0) +(3-0) =4+9 =13

Equation: (x—0)> +(y—0)* = (JE )2

x2+y2:13

Center at (1, 0); containing point (-3, 2).
r=y(=3-1) +(2-0)* =16+4 =20 =25
2
Equation: (x—1)% +(y—0)* = (@ )
(x=1)? +* =20

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

Center: (1 () ,ﬂ

)1y

Radius: r=/(1-(-1)* +(4-3)* =V4+1 =5

Equation: (x—(-1)* +(y~3) =(v3)’
(x+D*+(y-3)* =5

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

Center: (ﬂ ﬂ

-2
Radius: r=+/(4-2)2+(3-2)> =4+1=+5

Equation: (x=2)* -i—(y—2)2 :(\/3)2
(x=2*+(y-2)*=5
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111.

112.

113.

114.

115.

116.

Center at (2, —4); circumference 167 .

This means that the radius of the circle is:
2rxr =161

r=8
Equation: (x—2)*+(y+4)* =(8)°
(x=2)2 +(y+4)* =64

Center at (-5 ,6); area 497 .
This means that the radius of the circle is:

zr? =497

r=7

Equation: (x+35)* +(y—6)* =(7)°
(x+5)" +(y=6)" =49

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

(—a,~b) . Since the point (1,2) is on the graph

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

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

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

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

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

Section 1.2: Graphs of Equations in Two Variables; Circles

31

117. a. (x2+yz—x)2:x2+y2

x-intercepts:
2
(3 (0 =) =+ +(0)’
(x2 —x)2 =x’
xt=2x7 +x7 = X7

-2 =0

x3(x—2):O
=0 or x-2=0
x=0 x=2

y-intercepts:

2 2

(y =y

4_ 2

y =y

¥ =y'=0

v (y*-1)=0
yZ—O or y"—1=0

y:O y2:
y==I1

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

(4 (o) —x)2 =2+ (oy)

2
(x2 +y? —x) =x*+y* same

Test y-axis symmetry: Let x = —x
2
(= 32 =(2)) = ()"

2
(x2 +yi+ x) =x*+y* different

Test origin symmetry: Let x=—-x and y=-y
2
(=) (=2 =(=)) = (=) +(=»)’

2
(x2 +y2 +x) = x? +y2 different

Thus, the graph will have x-axis symmetry.
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Chapter 1: Graphs and Functions

118. a. 16y =120x-225 The leng.th of one side of the square is 2x . Thus,
x-intercepts: the area is 5
16y? =120(0)—225 > [, 32 2 .
A=s"=|2-—— =(3«/§) =18 square units.
16y = 225 2
V= _21_265 120. The area of the shaded region is the area of the

circle, less the area of the square. Let the upper-

no real solution right corner of the square be the point (x,y).

y-intercepts: The circle and the square are both centered about
16(0)2 =120x—-225 the origin. Because of symmetry, we have that
0=120x—225 x =y at the upper-right corner of the square.
Therefore, we get
—120x =-225 s o
x“+y =36
(2515 e
“120 8 o=
. (15 2x” =36
The only intercept is [E’OJ . 218

x:3\/§

b. Test x-axis symmetry: Let y=— ) )
FE The length of one side of the square is 2x . Thus,

16(-y)’ =120x-225
16y* =120x—225 same

2
the area of the square is (2 32 ) =72 square

units. From the equation of the circle, we have

Test y-axis symmetry: Let x=—x r =6 . The area of the circle is
2
16y" =120(-x)-225 7t = 7r(6)2 =367 square units.
16y* =—120x—225 different Therefore, the area of the shaded region is

Test origin symmetry: Let x=—-x and y=-y A=367-72 square units.

16(—y)2 = 120(—x)— 225 121. The diameter of the Ferris wheel was 250 feet, so
) ) the radius was 125 feet. The maximum height
16" =—120x-225 different was 264 feet, so the center was at a height of

Thus, the graph will have x-axis symmetry. 264 —125 =139 feet above the ground. Since the
center of the wheel is on the y-axis, it is the point
119. Let the upper-right corner of the square be the (0, 139). Thus, an equation for the wheel is:
point (x,y). The circle and the square are both (x— 0)2 +(y- 139)2 —1252

centered about the origin. Because of symmetry, 2 B 2
we have that x = y at the upper-right corner of S (y 139) =15,625
the square. Therefore, we get 122. The diameter of the wheel is 520 feet, so the
radius is 260 feet. The maximum height is 550
X 4xi=9 feet, so the center of the wheel is at a height of

550 —260 = 290 feet above the ground. Since

Xyt =9

2 _
2x° =9 the center of the wheel is on the y-axis, it is the
2= 9 point (0, 290). Thus, an equation for the wheel
2 is:
o2 (x—0)* +(y—290)" = 260
2 2 2 +(y—290) = 67,600

32
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123.

124.

125.

126.

127.

110

Ground level

Refer to figure. Since the radius of the building
is 60.5 m and the height of the building is 110 m,
then the center of the building is 49.5 m above
the ground, so the y-coordinate of the center is
49.5. The equation of the circle is given by

x* +(y—49.5)% = 60.5* =3660.25

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

x4+ y? =78y +1521=1843+1521 = 3364
x? +(y-39)* =582

3

I 39
P 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.

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

r=3

Equation: (x—2)> +(y-3)> =3’
(x=2)"+(y=3)" =9

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

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

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

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

129. a. Substitute y =mx+b intox* + y* =2

Section 1.2: Graphs of Equations in Two Variables; Circles

128. Center at (4, —2); tangent to the line x = 1.

This means that the circle contains the point
(1, -2), so the radius is » = 3.

Equation: (x—4)>+(y+2)* =(3)*
(x4 +(y+2)7*=9

2

x* +(mx+b)* =1*
x* +m*x? +2bmx +b* =2
(1+m*)x* + 2bmx+b*> —1r* =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
4D + 417 +4m*r? =0
b+ +m*r? =0
r*(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?
2(1+m”) b b b
2
—mr?
=m +b
-m*r? —-m*r? +b* P
b b b

2 2
The point of tangency is ﬂ,r— .
b b
c. The slope of the tangent line is m .

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

"~ o
b b

[—mrz_oj b —mr? m
b

The two lines are perpendicular.
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130. Let (A, k) be the center of the circle.

The slope from (h4, k) to (3,-1)is —%.

x=2y+4=0
2y=x+4 —“1-k_ 1
1 3-h 2
y=5x+2 242k =3-h
o1 2k=1-h
The slope of the tangent line is 5 The slope b1k
from (A, k) to (0, 2) is -2. Solve the two equations in 4 and £ :
2k 2—k=2(1-2k)
on- 2 2—k=2-4k
2—k=2h 3k=0
The other tangent line is y =2x—7, and it has k=0
slope 2. h=1-2(0)=1

The center of the circle is (1, 0).

131.

132.

NEY Y+
s

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

2 2
oo + + 1 . .
the circle is (x _4 2 2 ] + (y —%j = Z[(xl - X, )2 +( -, )ZJ . Expanding, gives

2 2
X +x,) Yty 1
('Tz+y2—y(yl+yz)+¥:ﬂxl2—2xlxz+x22+y12—2y1y2+y22]

4x* —4x1x—4x2x+x12 +2x,x, +x22 -t-4y2 —4y1y—4y2y+yl2 +2y, 9, +y22 :xl2 —2xx, +x22 +y12 A +y22

xF = x(x, +x,)+

4x’ —dxx—dx,x +4x,x, +4y° —4y,y—4y,y+4y,y, =0
x2—xlx—x2x+x1x2+y2—y1y—y2y+yly2 =0
x(x=x)=x (x+x)+y(y=y)-m(y+y)=0
(x—xl)(x—x2)+(y—y1)(y—y2)=0

dY e d*+et-Af
Complete the square to get (x +Ej +( y +Ej = — The slope of the line between the center
d . . +5 . Xy +4
——,—E and the point of tangency (xo, yo) is m= Y075 . So the slope of the tangent line is m,,, = SR
22 xo+4 o+t

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

Yo 173

(x—xo)(xo +%)+(J’—J’0)(J’0 +§):O

xx+—x—x2—ix+ + 2y =2y, =0
X TS o T 5% YoV 2)’ Yo 2)’0

s+ v+ LxrEy x4y +Lx + Sy, |=0
0X T VoV > 2)’ 0o X 50 2)’0
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133.

Section 1.2: Graphs of Equations in Two Variables; Circles

Because (x,,,) is on the circle, x>+ vy +dx, +ey, + f=0,and
Xt +o° +%x0 +§ Vo= —%xo —g Yo —f Substituting this result gives

d e d e
X+ v +5x0 +EJ’0 _[_Exo 5% _fj =0

d d
x02 +y02 +E)c0 +§y0 +E)c0 +§)’o +f=0

x02+y02 +d[x+2x0j+e(y+2yoj+f:0

Lety=0. 134. Lety=0.
(x* +0%)? =a*(x* -0%) (x* +0% —ax)? =b* (x* +0%)
xt=a?(x?) xt=2ax +a’x* —b*x* =0
xt—a*x? =0 xz[(x—(a+b)][(x—(a—b)]:O
¥’ (x*-a*)=0 x=0or x=a+b
x*=0 or (x*-a*)=0 or x=a-b
0 2 Letx=0.
X = or x =a (02+y2_a’0)2:b2(02+y2)
X=-a,a 4 42 2 _
Letx =0. y' by =0
(0 +y*) =a*(0* - %) Yy +b)(y=b)=0
y4=a2(—y2) . y=0,y=-b,y=b
L2 20 So the intercepts are (0,0), (a-b,0), (a+b,0),
y tay = (Oa_b)’ (0: b)
V(3 +a*)=0 Test x-axis symmetry: replace y by -y
2
y=0 |:x2+(—y)2—ax] = b [xz-i-(—y)z]
. 2, 2 _
(Note tlglt the solutions to y“ +a” =0 are not (% + y* —ax)? = b* (x* + ?) Equivalent
rea
Test y-axis symmetry: replace x by -x
. 2
So the 1n§ercepts are are (0,0), («,0) and (-a,0). [(_x)z + y2 _ a(—x)} —p2 [ (—x)2 + y2]
Test x-axis symmetry: Replace y by -y
x*+ (=) =a* (x* = (-y)?) (x* +y* +ax)* = b*(x* + y*) Not equivalent

(x* + yz)2 =a’(x* - yz) equivalent
Test origin symmetry: replace x by -x and y by

v
[ + (9 ~a(0) | =0 [0 +(2)*]

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

Test y-axis symmetry: replace x by -x
(=) + ") =a* (=)’ = »")

(x* +y*)? = a*(x* — y*) equivalent

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

(=x)* + (=) =d*(—x)* = (-»)") The graph is symmetric with respect to the
x-axis only.

(x* + %) = a*(x* — y*) equivalent

The graph is symmetric by respect to the x-
axis, the y-axis, and the origin.
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135. (b), (c), (e) and (g)
We need A,k >0 and (0,0) on the graph.

136. (b), (¢) and (g)

Weneed h<0, k=0, and |h]>r. 138.
Thus, the graph will have x-axis symmetry.
137. a. Y
5_
B y=x2
B y=|x|
L NA T
- - 5 139.
B 140.
- 141,
YA
5_
L Sy=x
Ll i1 A
o
YA
8_
B =l |
7 B I I I
Y

b. Since \/x72=|x| for all x, the graphs of
y:\/x_2 andy=|x| are the same.

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

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

variable x is all real numbers. Thus,

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

d. For y=+/x*, the range of the variable y is
y2>0; for y=x, the range of the variable

36

y is all real numbers. Also, \/)Tz =x only
if x > 0. Otherwise, \/)T2 =-Xx.

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,) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph — (—x,—y) on graph

(from y-axis symmetry)

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

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

(x,y) on graph — (x, —y) on graph

(from x-axis symmetry)

(x,—y) on graph — (—x, y) on graph

(from origin symmetry)

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

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

(x,y) on graph — (—x,y) on graph
(from y-axis symmetry)
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142.

143.

144.

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

graph has x-axis symmetry.

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

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

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

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

Answers will vary.

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

(v () (-2 =4

Thus, (h,k)=(-3,2) and r=4.

Section 1.3

1.

(-1.3)

—12+10-1
2

_B or 21% or 21.5
2

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Section 1.3: Functions and Their Graphs

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 (—o0,—1)
<—+—H1:I)IIIIII'
-1 0

«/§+2

radicals
independent; dependent

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

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

False
False; {x|x =0}

a

C

d

a

vertical

-3

f(x)=ax’+4

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

False. The graph must pass the vertical line test
in order to be the graph of a function.

True
a

a. Domain: {0,22,40,70,100}
Range: {1.031, 1.121, 1.229, 1.305, 1.411}
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22.

23.

24.

25.

26.

27.

28.

29.

30.

Density, kg/m3
1.411
1.305
1.229
1121
1.031

Temperature, °C
0 —

2 —

4) —

0 —

100

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

178 ——— > 869

86.4

1.80 4 87.1

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

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

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

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

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}

Domain: {-3, 2, 4}
Range: {6, 9, 10}
Not a function

Function
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}

31.

32.

33.

34.

3s.

36.

37.

38.

39.

38

Domain: {-2, 0, 3}
Range: {3,4, 6,7}
Not a function

Domain: {-4, -3, -2, -1}
Range: {0, 1,2, 3, 4}
Not a function

Function
Domain: {-2,-1,0, 1}
Range: {0, 1, 4}

Function

Domain: {-2,-1,0, 1}
Range: {3, 4, 16}

Graph y =2x* —3x+4. The graph passes the

vertical line test. Thus, the equation represents a
function.

Graph y =x’. The graph passes the vertical line
test. Thus, the equation represents a function.

[

1 . .
Graph y =—. The graph passes the vertical line
X

test. Thus, the equation represents a function.

—

Graph y = |x| . The graph passes the vertical line
test. Thus

the equation represents a function.

y2 =4y

Solve for y: y=+V4-x*

For x=0, y=42. Thus, (0, 2) and (0, —2) are on
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the graph. This is not a function, since a distinct x- 1 o

value corresponds to two different y-values. 0,— P are on the graph. This is not a
—+J1-2x function, since a distinct x-value corresponds to

For x=0, y=+1. Thus, (0, 1) and (0, —1) are on two different y-values.

the graph. This is not a function, since a distinct x- 46

. X’ —4y? =1
value corresponds to two different y-values.

Solve for y: x* —4y* =1

x=y 4y* =x* -1

Solve for y: y=+x |

For x=1, y=%1. Thus, (1, 1) and (1, —1) are on Y= 4

the graph. This is not a function, since a distinct 2 -1

x-value corresponds to two different y-values. y= 5

x+y? =1 For xzx/z,y:il. Thus, (ﬁ,lj and
Solve for y: y= +1-x 2 2

For x=0, y==1. Thus, (0, 1) and (0, —1) are on (\/E,—%j are on the graph. This is not a

the graph. This is not a function, since a distinct x-

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

two different y-values.
. Graph y = x’. The graph passes the vertical line
n SR 47. f(x)=3x"+2x—4
a.  f(0)=3(0)+2(0)-4=-4

(

b. f(1)=3(1)"+2(1)-4=3+2-4=1
(-
(-

test. Thus, the equation represents a function.

e f(-1)=3(=1) +2(-1)—-4=3-2-4=-3
. Graph y:3x_—21. The graph passes the vertical d. f(-x)=3(- x) 2(-x)-4=3x"-2x-4
x+
line test. Thus, the equation represents a c. (x) (3x 10y — 4)——3x2—2x+4
function.
f. f(x+l)=3(x+l)2+2(x+l)—4
e =3(x7 +2x+1)+2x+2-4
=3x" +6x+3+2x+2-4
=3x" +8x+1
2x2+3y2=1 2 2
. F(2x)=3(2x) +2(2x) -4 =12x% +4x—4
Solve for y: 2x* +3y* =1 g f(2x)=3(2x) +2(2x) Xax
32 =1-242 he f(x+h)=3(x+h) +2(x+h)-4
) _1-2¢° =3(x2+2xh+h2)+2x+2h—4
5 =3x" +6xh +3h” +2x +2h—4
1-2x°
y== 2
3 4, f(x):—Zx +x—1
For x:O,y:i\g. Thus, [0,\@} and a. f(0)=—2(0)2+0—1=—1
39
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2
b. f(1)=-2(1)"+1-1=-2 50. f(x)- X
5 x+4
c. f(-1)==2(-1)+(-1)-1=-4
: 2 e N
d. f(—x)=—2(—x) +(—x)—l=—2x -x-1 : T 0+4 4 4
_ —_(_ 2 1) = 2 2
e. f(x) (2x +x 1) 2x° —x+1 b. f(l):l 1:9:
5 1+4 5
f. f(x+1)=-2(x+1)" +(x+1)-1 ,
=—2<x2+2x+1)+x+1—1 c f(_1)_(_1) _1_9_0
) “1+4 3
=—2x" —4x-2+x ( )2 ,
-x) -1 x°-1
= 2x% 3x-2 d f(x)=" o
¥ ¥ f( x) -x+4 —x+4
2
g.  f(2x)=-2(2x)" +(2x)-1=-8x +2x-1 . 21 a1
. - X)=— =
h.  f(x+h)==2(x+h)"+(x+h)-1 x+4 x+4
:—2(x2+2xh+h2)+x+h—l R (x+1)2—1
. X =
=—2x* —4xh—2h* +x+h—1 (x+1)+4
:x2+2x+1—1:x2+2x
49, f(x)z le x+5 x+5
X+
2 2
0 0 . 2 :(2x) —1:4x —1
a f(0)=5 =70 e S T
11 (x+h)’ =1 x> +2xh+h> -1
b f(1)=m—== h. 7= _
) 41 2 Sx+h) (x+h)+4 x+h+4
-1 -1 1
¢ f(‘)‘(_l)zﬂ‘m“g 51 f(x)=|x|+4
A a. f(0)=[0|+4=0+4=4
‘ (—x)’+1 x*+1 b. f(1)=|1|+4=1+4=5
ST PR R e f(-1)=|-1|+4=1+4=5
¢ f(x) (x2+1j X +1
. d. f(—x):|—x|+4=|x|+4
£ f(x+1)=——
(x+1)"+1 e —f(x)=—(x|+4)=~]x[-4
x+1
= f. +1)=|x+1|+4
X +2x+1+1 f(x ) |x |
_ o x+l g f(2x)=|2x|+4=2|x|+4
2
XoAaxE2 h.  f(x+h)=|x+h|+4
2x 2x
g. f(2x)= =
(2x)2+1 4x* +1 52. f(x)sz2+x
he f(xrh)=—2"" o a. f(0)=v0>+0=40=0

(x+h)2+l - x2+2xh+h* +1

40
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b f(1)=vP+1=42 a. f(O):l—( 1)2:1—%:%
0+2
e S =) (D) =TT =B =0 o
b. f(l)=1- s=l-—==
d. f(—x):\[(—x)2+(—x)=\/x2—x () (1+2) 9 9
2 2 ¢ Moot gl
e. —f(x):—(\/x +x):—\/x +x - S 1) 1 (_1+2)2 1 1 0
£ f(x+1)=y(x+1)" +(x+1) & f(ex)-1-—
=Vx?+2x+1+x+1 (-x+2)
=x? +3x+2 . —f(x)z—[l— 1 2J: 1 -1
g. f(2x)= (2x)2+2x:\/4x2+2x (x+2) (x+2)
—1- 1 o1
h.  f(x+h)=(x+h) +(x+h) G (x+1+2) 1 (x+3)
:\/x2+2xh+h2+x+h ‘. f(2x 1 1 2:1_ 1 :
2541 (2x+2) 4(x+1)
53. f()c):}x_5 1
2(0)+1 0+1 1 h f(x+h):1_(x+h+2)2

55. f(x)=-5x+4

b. f(1)= e Domain: {x|x is any real number}

3(1)-5 3-5 -2
. f(—1)—2("1)”_‘2+1_—_1_1 56. f(x)=x*+2
3(_1)_5 -3-5 -8 8 Domain: {x|xisanyrealnumber}
2(—x)+1 - —
d f(-x)- (-x)+1 _—2x+1_2x-1 )
3(—x)—5 —3x-5 3x+5 57. f(x)=—
x°+1
e. _f(x):_(2x+lj: ~2x-1 Domain: {x| x is any real number}
3x-5 3x-5
c f(x+1)_2(X+1)+1_2x+2+1_2x+3 58, f(x)= X’
T 3(x+1)=5 3x+3-5 3x-2 X+l

Domain: {x| x is any real number}

2(2x)+1  4x+1
2 = =
5 /() 3(2x)-5 6x-5 i
59. g)=—
h f(x+h)_2(x+h)+1_2x+2h+l 2 =16
_3(x+h)—5_3x+3h—5 ¥ -16=0
x* #16= x# 4
54. f(x)=1- 1 : Domain: {x|x¢—4,x¢4}
(x+2)

41
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60.

61.

62.

63.

64.

65.

2x
h(x)=
===
X420

rd= xz+2
Domain: {x|x¢—2,x¢ 2}

x=2

©4x

F(x)=
P +x#£0
x(x* +1)#0
x#0, x2#-1
Domain: {x| X # 0}

Gx) = x+4

X0 —4x
X —4x#0
x(x* —4)#0
x#0, xr#4
x#0, x#x2

Domain: {x| x#=2,x#0,x# 2}

h(x)=~3x-12
3x-12>0
3x2>12
x>4

Domain: {x| X 24}

G(x)=1-x
1-x2>0
-x>-1
x<1

Domain: {x| x < l}

= |- P2
P x—-1 x-1

x=1>0

x>1
Domain: {x| x> 1}

66.

67.

68.

69.

70.

4
ﬂ”_ﬁi§

x—=9>0
x>9
Domain: {x| x> 9}

X
==
x—4>0

x>4
Domain: {x| x> 4}

o) =75
—-x-2>0

-x>2

x<-2
Domain: {x| x< —2}

=

“ 321

P(t)
t—4>0

t>4
Also 3t-21#0

3t—21#0
3t#21
t+7

Domain: {t|t >4t + 7}

Nz+3

h(z)= —

z+32>20
z>-3

Also z—-2#0
z#2

Domain: {z|z >-3,z# 2}

Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions

71 f(x)=4x+3 75.
fx+h)—f(x)  Ax+h)+3—(4x+3)
h h
dx+4h+3-4x-3
h
_Ah_y,
h

72. f(x)=-3x+1
fx+h)-f(x) _ =3(x+h)+1—-(-3x+1)

h h
—3x-3h+1+3x-1
= i 76.
h

73. f(x)=x*-4
S(x+h) - f(x)
h
(xR —4-(x*—-4)
B h
B X2+ 2xh+h?—4—x*+4
h

_2xh+ i’
h
=2x+h

77.

04, S(X)=3x"+2
S(x+h)— f(x)
h
3+ h)? +2-(3x7 +2)
- h
_3x% 4+ 6xh+3h% +2-3x7 -2
h

_ 6xh+ 3k
h
= 6x+3h

43

Section 1.3: Functions and Their Graphs

f(x)=x>—x+4
Sx+h) - f(x)
h
(e h) = (x+ ) +4—(xF —x+4)
- h
XA 2xh+ R —x—h+4-x"+x-4
h

_2xh+h*—h

- h
=2x+h-1
f(x):3x2—2x+6
£ (x+1)-1 ()

h
[3(x+h)2—2(x+h)+6}—[3x2—2x+6}
- h
3(x2+2xh+h2)—2x—2h+6—3x2+2x—6
B h
3x7 +6xh+3h% —2h—3x> _ 6xh+3h% —2h
- h - h
= 6x+3h—2
1
f(x)_x_z

1 1

St = f@) _ (x+h) ¥

h h
x? —(x+h)2
x? (x+h)2
h
x—(x2 +2xh+h2)
X (x+h)2

(lj —2xZ—h2
h xz(x+h)2
oy
2x-h _ —(2x+h)

x? (x+h)2 - x2 (x+h)2
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78. f(x)= ﬁ

1 1
SOAR=f(X) _ x+h+3 x+3

h
x+3—(x+3+h)
_(x+h+3)(x+3)
=
| x+3-x-3-h 1
‘[(x+h+3)(x+3)J(Zj
~ —h 1
‘[(x+h+3)(x+3)J(Zj
-1
(x+7+3)(x+3)
79. f =2
x+3
20x+h)  2x
SOAN-f() _ x+h+3 x+3
h h
2(x+h)(x+3)=2x(x+3+4)
(x+h+3)(x+3)
h
2x% + 6x + 2hx + 6h — 2x° — 6x — 2xh
(x+h+3)(x+3)
h
( 6h V(1
L x+h+3 x+3J(Z)
B 6
(x+h+3)(x+3)

80. Fy= 2

x—4
5(x+h)  S5x
SO+ —-f(X) _x+h-4 x-4
h h

5(x+h)(x—4)—5x(x—4+h)
(x+h—4ﬂx—@
h
5x" —20x + 5hx — 20h — 5x° +20x — 5xh
(x+h-4)(x-4)
h

{ x+h_24:)h \[%)
20

81. f(x)=+x-2
fx+h)-£(x)

h
Ax+h-2-+x-2
h

Nx+h=2-yx=2 Jx+h-2+x-2
h NX+h—=24x-2

X+h—-2—-x+2

22

h
) W2 4x2)

1
S x+h—2++x-2
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82.

83.

84.

x+1

f(x) =

rlxen)- £ ()

h
_ Nx+h+1—+x+1
h

B x+h+1—x+1 Jx+h+1+/x+1

h .~/x+h+1+«/x+l

x+h+1-(x+1) h

) h(\/x+h+1+\/x+1) - h(\/x+h+1+\/x+1)

1
- Nx+h+1+/x+1

a.  f(0)=23since (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(11)=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,and10<x<11.

g. The domain of fis {x|—6£x£11} or

[-6,11].

h. The range of fis {y|—3£y£4} or

[-3,4].

i.  The x-intercepts are -3, 6, and 10.

j- The y-intercept is 3.
. 1. .
k. Theline y= 5 intersects the graph 3 times.

I.  Theline x =5 intersects the graph 1 time.
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.

b. f(2)=-2 since (2, —2) is on the graph.

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

c.  f(3) is negative since / (3) = —1.
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8s.

86.

87.

88.

89.

Section 1.3: Functions and Their Graphs

d. f(-1) is positive since f(—1) = 1.0.

e. f(x)=0whenx=0,x=4, andx=06.

f.  f(x)<0whenO<x<4.

g. The domain of fis {x|—4§x§6} or
[-4.6].

h. The range of fis {y|—2£ys3} or [-2,3].

e
.

The x-intercepts are 0, 4, and 6.
j-  The y-intercept is 0.
k. Theline y =-1 intersects the graph 2

times.

I.  Theline x =1 intersects the graph 1 time.
m. f(x)=3whenx=>5.
n. f(x)=-2whenx=2.

Not a function since vertical lines will intersect
the graph in more than one point.

Function

a. Domain: {x| x is any real number} ;
Range: {y| y> O}

b. Intercepts: (0,1)

¢. None

Function

a. Domain: {x|—n§x£n};

Range: {y|—l£y§l}

T T
b. Intercepts: | ——,0(, | —,0 1, (0,1
b ( 2 j (2 j( :

c. Symmetry about y-axis.

Function

a. Domain: {x|—n£x£n};
Range: {y| -1<y< 1}

b. Intercepts: (—m, 0), (m,0), (0,0)

c. Symmetry about the origin.

Not a function since vertical lines will intersect
the graph in more than one point.
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Chapter 1: Graphs and Functions

90.

91.

92.

93.

94.

95.

96.

97.

Not a function since vertical lines will intersect
the graph in more than one point.

Function

a. Domain: {x|0<x<3} ;
Range: {y| y <2}

b. Intercepts: (1, 0)

¢. None

Function

a. Domain: {x|0£x<4} ;
Range: {y|0$ y<3}

b. Intercepts: (0, 0)

c¢. None

Function

a. Domain: {x| x is any real number} ;
Range: {y| y< 2}

b. Intercepts: (-3, 0), (3, 0), (0,2)

c. Symmetry about y-axis.

Function

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

b. Intercepts: (-3, 0), (2,0), (0,2)
None

Function

a. Domain: {x| x is any real number} ;
Range: {y| y2 —3}

b. Intercepts: (1, 0), (3,0), (0,9)

c¢. None

Function

a. Domain: {x|x is any real number} ;
Range: {y| y< 5}

b. Intercepts: (-1, 0), (2,0), (0,4)

¢. None

f(x)=2x*—x-1
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98.

a. f(-D)=2(-1)~(-1)-1=2
1,2) is on the graph of /.

) -(-2)-1=9

,9) is on the graph of /.

The point

(-

(-

b, f(-2)=2(-2
The point (-2

x

¢. Solve for
“1=2x*—x-1
0=2x>-x
O:x(2x—1):>x:O,x:%
(0,-1) and (— —1) are on the graph of f .

d. The domain of fis {x| x is any real number} .

e. x-intercepts:
f(x)=0=2x* —x-1=0

(2x+1)(x—

[—%,o] and (1,0)

f. y-intercept:
£(0)=2(0)* ~0-1=-1=(0,-1)

l)=0:>x=—l,x:1
2

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

a. f(-)=-3(-1)"+5(-1)=-8=2
The point (—1,2) is not on the graph of f.

b. f(-2)=-3(-2)" +5(-2)=-22

The point (—2,-22) is on the graph of 1.
c. Solve for x:

—2=-3x"+5x=3x" -5x-2=0

3x+1)(x— l,x:2
(3x+1)( 3

(2,-2) and (—— —2) on the graph of f .

2)=0=>x=-

d. The domain of fis {x| x is any real number} .
e. x-intercepts:
f(x)=0=-3x"+5x=0

x(—3x+5):03x:0,x:%

(0,0) and (3,0)

f.  y-intercept:

£(0)=-3(0)* +5(0)=0=(0,0)
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99, f(x)=2
x—06
3425
a. =—-=——-=214
S3) e 3

The point (3,14) is not on the graph of 1.

4+2 6
b. =120 _ 3
T =™
The point (4,-3) is on the graph of f.

c.  Solve for x:
x+2
x—6
2x-12=x+2
x=14
(14, 2) is a point on the graph of f .

2=

d. The domain of fis {x| X # 6} .

e. Xx-intercepts:
x+2

=0
F()=0=t
x+2:0:>x:—2:(—2,0)

0

-

y-intercept: f(0)= % = _% - (0,_%j

X242
x+4

100. f(x)=

?+2 3
a. = =
JO 1+4

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

0% +2
0+4

_2_1
42

b. f(0)=

The point | 0,

7 N\

%) is on the graph of f.
c¢. Solve for x:
l B 2 +2

2 x+4
0=2x>-x

= x+4=2x"+4

x(2x-1)=0=x=0 or x:l
2

1 1 1
0,— | and | —, — | are on the graph of f .
( 2j (2 2) graph of /

Section 1.3: Functions and Their Graphs

d. The domain of fis {x|x = —4}.

e. x-intercepts:

2
2
f(x)=0=2 2024220
x+4

This is impossible, so there are no x-

intercepts.
f. y-intercept:

0°+2 2 1 1
0)= =—=—=|0,—
/(0) 0+4 4 2 ( 2)
2
101, f(x)= 24x
x"+1
21 2

a. D= =—=1

4 -D*+1 2

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

2(2)> 8

b. 2)= =—

! @)*+1 17

The point (2, %) is on the graph of f.

c¢. Solve for x:
2x°
xt+1
x+1=2x"

X =2x2+1=0

(x*=1)*=0
¥ -1=0=x=11
(1,1) and (-1,1) are on the graph of f .

1=

d. The domain of fis {x| x is any real number} .

e. x-intercept:
2x%
=0=
f(x) xt+1
2x* =0=>x=0=(0,0)

=0

f. y-intercept:

r(o)=20 0

_ =Y 0=(0.0
o1 0a1- 0= (00
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Chapter 1: Graphs and Functions

105. f(x)=2x>+Ax* +4x-5 and f(2)=5

102, f(x)=-2=
X

-2 £(2)=22)° + 4(2)* +4(2) -5
2(1) 5=16+44+8-5
a. f(lle_zz%:_Z 5=44+19
2 22 - 3 —14=44
1 2 =47
The point (E’_Ej is on the graph of f. T4 9
2(4) 8 106. f(x)=3x"-Bx+4 and f(-1)=12:
b. f(4)— ()___4 S(x) : VA
2 2 SED =317 ~B(-1)+4
Thepomt (4,4) is on the graph of /. 12=34+B+4
c. Solve for x: B=5
2x
1= Sx-2=2x=-2=x
x=2 107. f()—3x+8 nd £(0)=2
(-2,1) is a point on the graph of f .
3(0)+8
d. Thedomainoffis{x|x¢2}. f()_Z(O) 4
e. Xx-intercept: o 8
2x -4
- - 2y =
f(x) — 0=2x=0 Co4=%8
=x=0=(0,0) A=-4
. 0
f. y-intercept: f(O):OTZ=0:>(O,O) 108. f(x):2x—B and f(2):l
3x+ 2
103. 11=x>-2x+3 )= 20)-B
, 3(2)+4
x°=2x-8=0 | 4-B
(x—4(x+2)=0 27 10
x—4=0o0rx+2=0 5-4-RB
x=4 x=-2 B=-1

The solution set is {-2,4}
109. Let x represent the length of the rectangle.

104. _% _ % o % Then, % represents the width of the rectangle
5 5 since the length is twice the width. The function
6 6" . x XX 1,
for the areais: A(x)=x-—=—=—x
6 5 2 2 2
—_—-— =X
5 16 110. Let x represent the length of one of the two equal
3 —x sides. The function for the area is:
8
2

3 A(x):l-x-x:lx
The solution set is {g} 2 2

111. Let x represent the number of hours worked.
The function for the gross salary is:
G(x)=14x

48
Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions

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

113. a. H(1)=20-49(1)
=20-4.9=15.1 meters
H(1.1)=20-4.9(1.1)’
=20-4.9(1.21)
=20-5.929 =14.071 meters
H(12)=20-49(1.2)°
=20-4.9(1.44)
=20-7.056 =12.944 meters
H(13)=20-49(1.3)’
=20-4.9(1.69)
=20-8.281=11.719 meters
b. H(x)=15:
15=20-4.9x"
—5=-49x"
x* ~1.0204
x ~1.01 seconds
H(x) =10:
10 =20—-4.9x"
—10 = —4.9x*
x? ~2.0408
x ~1.43 seconds
H(x) =5:
5=20-4.9x
—15=—-4.9x
x? ~3.0612
x ~1.75 seconds
c. H (x) =0
0=20-4.9x
—20=-4.9x
x* ~4.0816
x = 2.02 seconds

Section 1.3: Functions and Their Graphs

114. a.  H(1)=20-13(1)* =20-13 = 7 meters
H(1.1)=20-13(1.1)° =20-13(1.21)
=20-15.73 =4.27 meters
H(1.2)=20-13(1.2)° =20-13(1.44)
=20-18.72 =1.28 meters
b. H(x)=15
15=20-13x
-5 =—13x*
x* ~0.3846
x =~ 0.62 seconds
H(x)=10
10 =20-13x7
~10 = -13x7
x* ~0.7692
x ~ 0.88 seconds
H(x) =5
5=20-13x"
—15=-13x"
x> ~1.1538
x ~1.07 seconds
c. H(x)=0
0=20-13x"
—-20 =-13x*
x* ~1.5385
x ~1.24 seconds

115. C(x):100+%+36’000

X

w C(500) =100+ 50, 36.000
10 500

=100+50+72
=$222

b C(a50) 100+ 50, 36.000
10 450

=100+45+80
=$225
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Chapter 1: Graphs and Functions

C.

d.

C(600) =100+ 2% 6OO 36,000
10 600

=100+60+60
=$220

400 36,000

400) =100+
( ) 400

=100+40+90
=$230

116. A(x)= 4x 1-x?

4_r P

a.
:—~126ft
b. _ _ l/__ -z\f
2
—f~173ft
\/7 \f sf
c. — =4.-=[1- — ——
3
——~199ft
9
2
17, h(x)=-22 4 vv6
\%
44(8)
a. h(8)=—%+(8)+6
=—ﬁ 14~104 feet
784
44(12)"
b. h(12)=- +(12)+6

282

=—@ 18 ~9.9 feet
784

From part (a) we know the point (8,10.4) is
on the graph and from part (b) we know the
point (12,9.9) is on the graph. We could

evaluate the function at several more values
ofx(e.g. x=0, x=15,and x=20) to
obtain additional points.

118, h(x)=-

h(0)=—442(82) +(0)+6=6

2
h(15)=—%+(15)+6 ~8.4

2
h(20)= —%420)% ~3.6
Some additional points are (0,6) S (15,8.4)

and (20,3.6) . The complete graph is given

(8.10.4)

15, 8.4
(12,9.9) (1>84)

(0.6)

o

26,0 (20,3.6)

HIIIIIIIIIII\IIH\H
0 10 15 20 25

2
h(15)=- 442(;25) +(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.

= 4(225) =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.

136x2

v

+2.7x+3.5
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Section 1.3: Functions and Their Graphs

w t h(15)=10. ~32x7
e want h(15) 119, h(x)= 32’; +x
136(15)2 2.7(15)+3.5=10 o
-2, +3.5= _ 2
V2 a.  h(100)= 32(120) +100
30,600 _ ., 30
v =%+100z81.o7 feet
v? =900 ’
v =30 ft/sec _ -32(300)°
The ball needs to be thrown with an initial b. (300) = ;- +300
velocity of 30 feet per second. _
o IO 3001 5
h(x)=— 30’; +2.7x+3.5 :
2
which simplifies to c.  h(500) = ﬂ +500
34, 30
h(x)=———x"+2.7x+3.5 _
(=323 LB 000.000 550 5653 e
. . 16,900
Using the velocity from part (b),
34 2 , -32x°
h(9)= —E(9) +2.7(9)+3.5=15.56 ft d. Solving h(x)= 1330’2 +x=0
The ball will be 15.56 feet above the floor _3052
when it has traveled 9 feet in front of the —tx=
foul line. 130
Select several values for x and use these to x(_325 + 1) =0
find the corresponding values for 4. Use the 30
res.ults to form ordere.d pairs (x,h) . Plot the x=0 or —3225 +1=0
points and connect with a smooth curve.
P B 34 2 3 f 1= 32x
(O)__E(O) +2.7(0)+3.5=3.5ft 130°
130% =32
h(5) =2 (5 +2.7(5)+35~ 132 N
225 1302
X =

24 2 =528.13 feet

h(15) = === (15)" +2.7(15)+3.5~ 10 ft
225 Therefore, the golf ball travels 528.13 feet.
Thus, some points on the graph are (0,3.5) , _30,2
e. = +x

(5,13.2) ,and (15,10) . The complete graph 1302
. 150
is given below.

h

20 b

E (8.9, 15.0)

BE o 0 600

10§ (152 (15,10) =

¥ (0,3.5)
I O N A I |
0 5 10 15 20
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Chapter 1: Graphs and Functions

120.

Use INTERSECT on the graphs of

—32x7

»n= >—+x and y, =90.
130

150

0 [FUEEEER I g 600

-5

150

Inkerseckinn
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.

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

i

(=]

Y4
z0m 124.26
ziE 1z9.14

17166

11
=00 iz8.
ek 15
ZEQ 1i8
=275
The ball travels approximately 264 feet
before it reaches its maximum height of

approximately 132.03 feet.

# Yy # W
60 132 260 132
61 1FE01 261 ik
B2 26z 1EE0z
B3 263
] 13203 ZEH
6 13303 ZEEC 1TE0E
66 13202 266 1zE0z
1=132. 8291124 268) M1=132. 831242664
# W4
[T 132
61 1kl
62 130z
6 13803
a4
I3 J_
6 13202
1=132. 29535799

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.

121.

122.

&

C(10)=19,000

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

C(50)=51,000
It costs the company $51,000 to produce 50
computers in a day.

The domain is {q |0<g< 80} . This

indicates that production capacity is limited
to 80 computers in a day.

The graph is curved down and rises slowly
at first. As production increases, the graph

becomes 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)=850
It costs $50 if you use 5 gigabytes.

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

The domain is {g [0<g< 30} . This
indicates that there are at most 30 gigabytes
in a month.

The graph is flat at first and then rises in a

straight line.

h(x) =2x

h(a+b) = 2(a+b) =2a+2b
=h(a)+h(b)

h(x)=2x has the property.

g(x)=x

g(a+b):(a+b)2 =a*+2ab+b*
Since
a*+2ab+b* #ad* +b* :g(a)+g(b),

g(x)=x* does not have the property.
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Section 1.3: Functions and Their Graphs

c. F(x)sz—Z d G(x):l
F(a+b)=5(a+b)-2=5a+5b-2 X
Since Gla+h)=—— =111 G(a)r6(p)
Sa+5b-2#5a—-2+5b-2=F(a)+F(b), atb a b
F(x)=5x—-2 does not have the property. G(x) :% does not have the property.

a3, LEED—f@ _Varh-x
) h h
_(x+h)%—x%
- h
_(x+h)%—x% (x+h)%+x%(x+h)%+x%
h 4+ () 450
B h
(x+h)%+x%(x+h)%+x%
_ x+h—x _ h
h[(x+h)%+x%(x+h)%+x%} h{(x+h)%+x%(x+h)%+x%}
B 1
(x+h)%+x%(x+h)%+x%
12
124. f( x+4jz3x2—2 tC _4-5
S5x—-4 3
12+¢
Solve x+4 =1. =9
S5x—4 3
x+4 124¢=27
5x—4:1 c=15
x+4=5x—4 f(3)=3*-4-3+15=12
x=2 2
Therefore, f(1)=3(2)° -2=10 126. 8()=3"+n=25+n
125. g(-2)=5=f(-2)=4 fgd)=fQ25+n)=v25+n+2=4
. 2 S0, V25+n =2
Since f(-2)=(-2)"-4(-2)+c 254n=4
=12+c¢ n=-21
we have

g(n)=n*+n=(-21)> +(-21)=420.
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Chapter 1: Graphs and Functions

127. Answers will vary. From a graph, the domain

128.

129.

130.

131.

132.

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=T7.

(@) 1L (b) IV; (¢) I; (d) V; (o) I
(@) II; (b) V; (¢) IV; (d) II; T T
¥y
(22, 5)

~ 5_
£
£ 3-
g 5,2)
£ Aao
A L

[ |||||||(2|9’|0)||x

6,0y 10 20 30

Time (in minutes)

133.

Distance (in feet)

134. a.

135. a.

y
20,000 - (78, 19,000)
15,000
10,000 (-
L (33, 9000) (48, 9000)
5000 -
- (13, 4000)
= A¢10, 2000)
1000 X
I I ) ) ) |
5 20 40 60 0

Time (in minutes)

2 hours elapsed; Kevin was between 0 and 3
miles from home.

0.5 hours elapsed; Kevin was 3 miles from
home.

0.3 hours elapsed; Kevin was between 0 and
3 miles from home.

0.2 hours elapsed; Kevin was at home.

0.9 hours elapsed; Kevin was between 0 and
2.8 miles from home.

0.3 hours elapsed; Kevin was 2.8 miles from
home.

1.1 hours elapsed; Kevin was between 0 and
2.8 miles from home.

The farthest distance Kevin is from home is
3 miles.

Kevin 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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136. Answers (graphs) will vary. Points of the form
(5, y) and of the form (x, 0) cannot be on the
graph of the function.

137. The only such functionis f'(x)=0 because it is

the only function for which f(x)=—/(x). Any

other such graph would fail the vertical line test.

138. Answers may vary.

Section 1.4

1. 2<x<5
Ay 8-3 5
2. sl === ===1
TP T A T3o(2) s

3. x-axis: y > -y
(—y) =5x" -1
—y=5x"-1
y= —5x% +1 different
y-axis: x = —x
y=5(-x)" -1
y= 5x* —1 same
origin: x > —x and y »> -y
(~3)=5(=x)" -1
—y=5x*-1
y= —5x% +1 different
The equation has symmetry with respect to the
y-axis only.
4. y-y=m(x-x)
y=(-2)=5(x-3)
y+2=5(x-3)

5. y= x* -9
x-intercepts:
0=x"-9
=95 x=43
y-intercept:
y=(0)-9=-9

55

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Section 1.4: Properties of Functions

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].
Yes. The local maximum at x =2 is 10.

No. There is a local minimum at x =5 ; the local
minimum is 0.

f has local maxima at x=-2 andx=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.

f has absolute minimum of —4 at x =-38.
f has absolute maximum of 10 atx = 2.
a. Intercepts: (-2, 0), (2, 0), and (0, 3).
b. Domain: {x|-4<x<4}| or [-4,4];
Range: {y| 0<y< 3} or [0,3].

c. Increasing: [-2, 0] and [2, 4];
Decreasing: [-4, —2] and [0, 2].
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26.

27.

28.

29.

30.

®

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

Intercepts: (-1, 0), (1, 0), and (0, 2).
Domain: {x| -3<x< 3} or [-3,3];
Range: {y|0£y£3} or [0,3].

Increasing: [-1, 0] and [1, 3];
Decreasing: [-3, —1] and [0, 1].

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

Intercepts: (0, 1).

Domain: {x|x is any real number} ;
Range: {y| % >O} or (0,0).
Increasing: (—oo,); Decreasing: never.

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

Intercepts: (1, 0).

Domain: {x|x>0} or (0,);

Range: { y| y is any real number} .
Increasing: [0,); Decreasing: never.

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

Intercepts: (—m,0), (w,0), and (0,0) .
Domain: {x| —n<x< n} or [-m, 7];
Range: {y| -1<y< 1} or [—1, 1] .

Increasing: [—E E]
' 272

T p— ki3
Decreasing: { T, 2} and { 2,75]

Since the graph is symmetric with respect to
the origin, the function is odd.

Intercepts: (—g, Oj,(g, 0), and (0,1).

Domain: {x| —nt<x< TC} or [-m, m];

Range: {y|—1£y$1} or [-1,1].

31.

32.

33.

34.

3s.

36.

56

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),(2,0} 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| —2Sy£2} or [-2,2].
Increasing: [3,—2] and [0,2];
Decreasing: [2, 3]; Constant: [~2,0].

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

f has a local maximum value of 3 at x = 0.
f has a local minimum value of 0 at both
x=-2andx=2.

/f has a local maximum value of 2 at x = 0.
/f has a local minimum value of 0 at both

x=-landx =1.

f has a local maximum value of 1 at

x = z
5
f has a local minimum value of —1 at
o X
%

f has a local maximum value of 1 at x =0.

f has a local minimum value of —1 both at
x=—r and x=r.
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

) =4x°
(2 =4(-x) =-4x" =1 (x)
Therefore, f is odd.

f(x)=2x*-x*
f(0)=2(=x)" = (—x)* =2x* —x* = f (x)

Therefore, f is even.

g(x)=10—x*

g(x)=10—(-x)* =10—x* = g(x)
Therefore, g is even.

h(x)=3x>+5

h(=x)=3(-x)’ +5=-3x"+5
h is neither even nor odd.
F(x)=4x

F(—x)=~-4x = —Jax = —F(x)
Therefore, F is odd.

G(x) =~lx

G(—x)=~—x

G is neither even nor odd.
f(x)=x +| X |

f(=x) :—x+|—x|:—x+| x|

f is neither even nor odd.

Fx)=v2x% +1
Fx) =207 +1=322 +1= £ (x)

Therefore, f is even.

1
g(x)=
x> +8

1
(—x)* +8 2 +8
Therefore, g is even.

g(-x) = =g(x)

X

xr-1

h(—x) =

h(x) =

-X =X
(—x)* -1 x*-1

Therefore, 4 is odd.

—h(x)

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57

Section 1.4: Properties of Functions

3
—X

3x* -9

(=)} ~ i ~
3(-x)2-9 3x*-9
Therefore, /1 is odd.

h(x) =

h(-x) =

~h(x)

F(x)zz_x
]
2-x) -2x
Fx)=—22 =22 o F(x
R

Therefore, F is odd.

f has an absolute maximum of 4 at x =1.
/ has an absolute minimum of 1 at x =5.
/ has an local maximum value of 3 at x =3.

/ has an local minimum value of 2 at x = 2.

f has an absolute maximum of 4 at x =4.
/ has an absolute minimum of 0 at x =5.
/f has an local maximum value of 4 at x = 4.

/ has an local minimum value of 1 at x =1.

/f has an absolute minimum of 1 at x =1.
/ has an absolute maximum of 4 at x = 3.
/ has an local minimum value of 1 at x =1.

f has an local maximum value of 4 at x = 3.

f has an absolute minimum of 1 at x =0.
f has no absolute maximum.
f has no local minimum.

/f 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.
/ has an local minimum value of 2 at x = 3.
/ has an local maximum value of 3 at x = 2.
/ has an absolute maximum of 4 at x =2.

/f has no absolute minimum.

/ 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.

f has no local maximum or minimum.
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57. f(x)=x"—3x+2 on the interval (-2,2)
Use MAXIMUM and MINIMUM on the graph
of y, =x —3x+2.

5
p A . I."
i - 3
Ir' . .-'/'I
2 e 2
Hairmiurm X
H=-.9838877 [Y=y
-5
5
! .-I.-'-__\_-'H.__ !
J =)

II_.I o L +
21+ s 2
Hiniriura x

W=.8999877 I'Y=1,E5E-11

-5
local maximum: f(-1) =4
local minimum: f'(1) =0

fis increasing on:[-2,—1] and [1,2];

fis decreasing on:[—1,1]

58. f(x)=x’-3x"+5 on the interval (-1,3)
Use MAXIMUM and MINIMUM on the graph
of y,=x>=3x" +5.

10
local maximum: f(0) =5

local minimum: f(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 y, =x —x.

0.5

5 If'“x \J/ )

We-.FPHEREE IYV= 1BER0EE

0.5
0.5

Y

= PPHEE?H Y=- 18590z
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*.

5 1
2 LT — 2
A= -—
Hiniraurs x
W= A0rI0EY Y= 2k
1
2
\ |
1 |
I
LA R
2 — — 2

2

o III |I

n /

1 |

"'. ! )

2 e T

Hinirum
W= AFAnagE |Y=- 2k

local maximum: f(0) =0

local minimum:
f(=0.71)=-0.25; f(0.71) = -0.25

fis increasing on:[—0.71,0] and [0.71,2];
fis decreasing on: [-2,-0.71] and [0,0.71]
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61. f(x)=-0.2x>-0.6x" +4x—6 onthe
interval (—6,4)
Use MAXIMUM and MINIMUM on the graph
of y, =—0.2x" —0.6x* +4x—6.

2
-6 4
u —_—
- .,
q __.-' I'll
"|, s Y
n, s
o
Hinirura "
W=-z.7eEET: ‘Y=-1iB.891iz%
-30
2
o5 = |
- .,
A \'"-.
5 ~
"-\. o~
., -
Haxiraura i ¥
n=1.7eBE7E" Y= -1.908784
-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]

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.

Hinimiur IR
W=-1,1CB215 Y=-4.048287

Hairaur II| X
WeE AREE09E Y=Z oHBZBTE
8

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)

Section 1.4: Properties of Functions

Use MAXIMUM and MINIMUM on the graph
of y, =0.25x* +0.3x° —0.9x% +3.

D
]

I Hinimurn ]
w=-1.B65088 Y= 94804208
-2

3 .
Maxiriun x
n=l.1:A4E-8 Y=3

1 !
|ll' -.___n'
. 1

2
[\

“IHinirur ©
w=.9eE08BBR: Y=z.a4BzBz1
-2

local maximum: f(0) =3

local minimum:
f(-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)=-04x"-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
3]+ e 2
& Tr—
|II -\"1

|'I "

I l'|

! !
Haxirmur
n=-1.57x16l Y=-.5zzx006

-10
2
<] b — 2
ol S
\ Ea "
Ny .,

||' .

/ !
Hiniraum _ x
n=-8.eclE-7 Y=-¢

-10
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] B )
T -
s ——
! ",
] "
| L
|Il \
Haximur %
W=.8356A191 Y=-1.B7048

10
local maxima: f(-1.57)=-0.52,

£(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 ffrom x=0 to

x=2
7(2)-£(0) (—2(2)2 +4)—(—2(0)2 +4)
2-0 2
_(H)-)_8_
2 2
b. Average rate of change of ffromx =1 to
x=3:
F3)-1(1) (—2(3)2 +4)—(—2(1)2 +4)
3-1 2
_(1W)-()_-16_
2 2
c. Average rate of change of ffrom x = 1 to
x=4:
F@-s(1) (—2(4)2 +4)—(—2(1)2 +4)
4-1 3
_(28)-(0)_30_
3 3

66. f(x)=—x"+1
a. Average rate of change of ffrom x =0 to

x=2:
F2)-r(0) [~V +1)-(-0+1)
2-0 2
=18y
2 2

b. Average rate of change of ffromx =1 to

x=3:
73)=r() (267 1) (0]
3-1 2
_ —262—(0) :—726: 3
c. Average rate of change of f from x =—1 to
x=1:
7= _ (017 +)
1-(-1) 2
_0-2_-—2_
2 2

67. g(x) =x—4x+7
a. Average rate of change of g from x =-3 to
x=-2:
g(2)-¢(=3)
2-(3)

. [(_2)3 —4(—2)+7]—[(—3)3 -4(-3)+7J
1
(N-(=8) _15 _ &
1 1

b. Average rate of change of g from x =-1 to
x=1:

g()-2(-1)
1-(-1)
) [(1)3 —4(1)+7J—[(—1)3 —4(—1)+7J
2
(4)-(10)_-6_ ,
2 2

c. Average rate of change of g from x =1 to
x=3:

68. h(x)=x"—2x+3
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a. Average rate of change of 4 from x =-1 to

x=1:
h(1)-h(-1)
1=(=1)
) (1) =2(1)+3][ (-1 =2(-1)+3]
2
_@)-(6) _4_,
2 2

b. Average rate of change of /# from x =0 to
x=2:

h(2)-1(0)

2-0

¢. Average rate of change of 4 from x=2 to
x=5:

h(5)-h(2)
)
:[(5)2—2(5)+3}—[( y -2(2)+3]
3
_(18)-(3) 15 _
3

69. f(x)=5x—2

a. Average rate of change of ffrom 1 to 3:
Ay _fB)-/()_13-3_10_
Ax 3-1

S 3-1 2
Thus, the average rate of change of f from 1
to31is 5.

b. From (a), the slope of the secant line joining
(l,f(l)) and (3, 1(3)) is 5. We use the

point-slope form to find the equation of the
secant line:

y=n :msec(x_xl)

y—3:5(x—1)

y—-3=5x-5
y=5x-2

61

Section 1.4: Properties of Functions

70. f(x)=—-4x+1

a. Average rate of change of f from 2 to 5:
A&y _f(5)-/(2) _-19-(7)
Ax 5-2 5-2
-12
= —_—= —4
3
Therefore, the average rate of change of f
from2to5is —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 =M (x—x)
y—=(-7)=-4(x-2)
y+7=-4x+8
y=—4x+1

71. g(x) =x*-2
a. Average rate of change of g from -2 to 1:
Ay _g()-8(2)_ -1-2 3
Ax 1-(-2) 1-(-2) 3
Therefore, the average rate of change of g
from -2 to 1is —1.

b. From (a), the slope of the secant line joining
(—2.g(-2)) and (1,g(1)) is —1.We use the
point-slope form to find the equation of the
secant line:

Y=NM :msec(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
(-Lg(-1)) and (2,g(2)) is 1. We use the

point-slope form to find the equation of the
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secant line: b. Since g(x) is odd then it is symmetric

Y= = e (x=31) about the origin so there exist a local

y—2:1(x—(—1)) maximum at x =-3.
y—2=x+1 g(-3)=(-3)’-27(-3)=-27+81=54
y=x+3 So there is a local maximum of 54 at

73. h(x)=x"-2x x=-3.
a. Average rate of change of / from 2 to 4:

Ay _h(4)-h(2) _8-0_8

— = = = — = 4 3

Ax 4-2 4-2 2 a.  f(-x)=—(-x) +12(-x)
Therefore, the average rate of change of /
from 2 to 4 is 4.

b. From (a), the slope of the secant line joining = —(—x3 + 12x)

(2.h(2)) and (4,(4)) is 4. We use the

76. f(x)=-x’+12x

=x —12x

point-slope form to find the equation of the ) ( ) L
secant line: Since f (—x) =—f (x) , the function is odd.
Y=V = Mg (x_xl)
y—0= 4(x _ 2) b. Since f(x) is odd then it is symmetric
y=4x-8 about the origin so there exist a local

maximum at x=-3.
f(2)==(-2)’ +12(-2)=8-24 =16

74. h(x)=—2x2+x ) o
So there is a local minimum value of —16 at

a. Average rate of change from 0 to 3:

x=-2.

Ay _h(3)-h(0) -15-0

A 3-0 3-0 77. F(x)=—x*+8x> +9

_z_
3 4 2
Therefore, the average rate of change of 4 a. F (_X) = —(—x) + 8(—x) +9
from0to3is 5. 48549
b. From (a), the slope of the secant line joining _F ( )
(0,A(0)) and (3,A(3)) is —5. We use the -
point-slope form to find the equation of the Since F (—x) =r (x) » the function is even.
secant line:
Y=y =My, ( X — x1) b. Sinc; the function is even, its graph has
05 0 y-axis symmetry. The second local
y=0=-5(x-0) maximum value is 25 and occurs at x =-2.
y=-5x

c. Because the graph has y-axis symmetry, the

— 3 _
75 2. g(x)=x'-27x area under the graph between x =0 and

g (—x) _ (—x)3 _27 (—x) x =3 bounded below by the x-axis is the
same as the area under the graph between

=—x+27x x=-3 and x =0 bounded below the
__ ( P 27x) x-axis. Thus, the area is 50.4 square units.

Since g(—x) = —g(x), the function is odd.

62
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78. G(x)=-x"+32x" +144

79. C(x)=03x" +21x-251+

80.

a.

a.

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.

2500

X

2500
X

y, =0.3x% +21x - 251+
2500

L

=300

30

Use MINIMUM. Rounding to the nearest
whole number, the average cost is
minimized when approximately 10

lawnmowers are produced per hour.
2500

[ T YT ——
(O ey el KA

-300

The minimum average cost is approximately
$239 per mower.

C () = —.002¢* +.0397 - 285¢> +.766¢ +.085

Graph the function on a graphing utility and
use the Maximum option from the CALC
menu.

81.

Section 1.4: Properties of Functions

Haxirurm
HEzAe0z0YE LYY= FEOZEESL
0 5 10

The concentration will be highest after about
2.16 hours.

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

VAN

Inksrseckion
B Rt | Ry iy 10

0

—_

0 : . 10

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

C25-0

_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

LS
= 0.1 gram per hour

avg. rate of change =

On average, the population is increasing at a
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rate of 0.1 gram per hour from 4.5 to 6
hours.

c. The average rate of change is increasing as
time passes. This indicates that the
population is increasing at an increasing
rate.

82. a.

g o

(L4
..'

il

2007 2012 2017 Y
Year

Debt (trillions
of dollars)
"
PR SREN

b. The slope represents the average rate of
change of the debt from 2007 to 2012.

P(2010)— P(2008)
20102008

_ 13562-10025

- 2

_38537

S 2

=$1,768.5 billion/yr

c. avg. rate of change =

P(2013)-P(2011)
2013-2011

1673814790

==

1948

2

= $ 974 billion/yr

d. avg. rate of change =

P(2016)~ P(2014)
2016-2014

~ 19573-17824

==

1749

T2

= $ 874.5 billion

e. avg. rate of change =

f. The average rate of change is decreasing as
time passes.

83.

f(x)=x
a. Average rate of change of ffrom x=0 to
x=1:
SM=-7(0)_r-0 1_
1-0 1 1
b. Average rate of change of f from x=0 to
x=05:
7(0.5)-7(0) (0.57-0> 025 05
0.5-0 0.5 0.5
c. Average rate of change of ffrom x=0 to
x=0.1:
7(0.0)-7(0) (0.1’ -0* 0.1 ol
0.1-0 0.1 0.1 '
d. Average rate of change of ffrom x=0 to
x=0.01:
£(0.01)-£(0) _(0.01)*~0?
001-0 0.0l
_ 0.0001 ~001
0.01
e. Average rate of change of ffrom x=0 to
x=0.001:
£(0.001)~ £(0) (0.001)* -0?
0.001-0  0.001
_ 0.000001 _ 0.001
0.001
f.  Graphing the secant lines:

1
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1 d.
y=x
-1 —|,
y=0.1x
. e.
-1
",
» y=x3
N LT !
f.
=
=]
"
¥ y=x;
N0 i
x

-1

g. The secant lines are beginning to look more
and more like the tangent line to the graph
of f'at the point where x=0.

h. The slopes of the secant lines are getting
smaller and smaller. They seem to be
approaching the number zero.

84. f(x)=x"

a. Average rate of change of ffrom x=1 to

x=2:
f(2)-f()_22-1 3 _
2-1 1 1

b. Average rate of change of ffrom x =1 to

x=15:
F(15)-f(1) (15712 125 s
1.5-1 0.5 05
c. Average rate of change of ffrom x =1 to
x=1.1:
FAD)-£1) (L1’ -1 021 oy
L1-1 0.1 0.1
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Section 1.4: Properties of Functions

Average rate of change of ffrom x =1 to
x=1.01:

£(1o1)-£(1) _(101)° -1 _0.0201 _ 501
1.01-1 0.01 0.01 '

Average rate of change of ffrom x=1 to
x=1.001:

£(1.001)- £(1) (1.001)° —12
1.001-1  0.001
~0.002001

~0.001

=2.001

Graphing the secant lines:
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Chapter 1: Graphs and Functions

The secant lines are beginning to look more
and more like the tangent line to the graph
of fat the point where x =1.

The slopes of the secant lines are getting
smaller and smaller. They seem to be
approaching the number 2.

85. f(x)=2x+5

_ S+ f(x)
sec h
_ 2(x+h)+5-2x-5 :%:

2
h h

When x=1:
h=05=>m,, =2
h=01=>mg =2
h=001=mg,, =2
as h—0, my, —>2

Using the point (1, f(1)) =(1,7) and slope,
m =2 , we get the secant line:
y=T1= 2(x—1)
y=T=2x-2
y=2x+5
Graphing:

5
The graph and the secant line coincide.

86. f(x)=-3x+2

_ St - f(x)

sec h
_B(x+h)+2-(3x+2)  -3h
B h h

=-3
Whenx =1,

h=05=>my, =-3

h=01=>m, =-3

h=0.01=mg,, =-3

as h—>0, m,, —> -3

c. Using point(l,f(l)) =(1,-1) and

slope = =3, we get the secant line:

y—(=1)=-3(x—1)
y+1=-3x+3
y=-3x+2
d. Graphing:
5
2 e 2

The graph and the secant line coincide.

87. f(x)=x*+2x

S+ - f(x)

a. my,. = 7

(xR +2(x+h)— (3 +2x)

h
X2+ 2xh+ P +2x+2h—x" —2x
h
_ 2xh+h* +2h
h

=2x+h+2

b. Whenx=1,

h=05=>my,, =2-1+0.5+2=4.5
h=01=>m, =2-1+0.1+2=4.1
h=001=m, =2-1+0.01+2=4.01
as h—>0, my, >2-140+2=4

c¢. Using point(l,f(l)) = (1,3) and

slope =4.01, we get the secant line:

y-3=4.01(x-1)

y—3=4.01x-4.01
y=4.01x-1.01

d. Graphing:
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88. f(x)=2x"+x
_SG+h) - f(x)
sec h
_ 2+ )’ +(x+h)—(2x° +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 1.4: 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.

SR~ f()

se¢ h
—(x+h) +3(x+h)=2—(=x" +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, m,, >-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
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Chapter 1: Graphs and Functions

d. Graphing:
2

u - -
-1 o 5
P
Eals K
".I "
! |
3
1
9. f(x)=—
x
a _SG+h) - f(x)
¢ sec /’l
1 1 x—(x+h)
_(x+h_xj_ (x+h)x
B h - h
(i =)
a (x+h)x )\h B (x+h)x )\h
o
(x+h)
b. Whenx=1
1
h=0.5
= e ST (14 05)(1)
1 2
T3 —§~—0.667
1
h=0.1 =—
= e T 00)(1)
1 10
= - =1y~ ~0.909
1
h=0.01 _—
= e T T 0.01)(1)
1 100
101 101~ 090
as h—>0, m a—;:_l:_l

see (1+0)(1) 1

¢. Using point (1, £(1))=(L1) and

slope = —% , we get the secant line:
100
RTTA
_y__100 100
7 1017 " 101
__100 201
1017 101

68

d. Graphing:
3

e |
e Y
-k
e
e S
-1 — D
1
1
92. f(x)=—
X
. _ S+ f()
* 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? (& +2xh+ 17 )
b. Whenx=1,
h=05=m, =—21293 10 44y
(1405712 9
h=01=my, =120 210 ) 7355
(1+0.1)" 17 121
h=0.01=m —21 0.01
(1+0.01)* 12
20,100
~To.201 = 119704
21-0 _

as h—>0, my, —>
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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)=12andf(-1) =8, so
f@Q-scH_12_,

2—(-1) 3
S(x)=4—>
3x? +4x-1=4
3x? +4x-5=0
L TAENA -A0)) | 4476
203) 6
_—4#2J19 24419
6 3
x= ﬂ ~ —2.1 is outside the interval
x= ﬂ ~.079 is in the interval.

—2+«/5
—

The only such number is

g(—x)=-2 f(—_?xj =2f (gj . Since fis odd,

513
g(=x) = —H@] = 2f(—§) =—g(x)

so g is odd.
So g is odd.

Section 1.4: Properties of Functions

95. Answers will vary. One possibility follows:

-5+

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

69
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Chapter 1: Graphs and Functions

99. To be an even function we need f(—x)= f'(x)

and to be an odd function we need
f(=x)=—f(x). In order for a function be both

even and odd, we would need f'(x)=—/(x).
This is only possible if f(x)=0.

100. The graph of y =5 is a horizontal line.

[ALIE] FletZ Flot: THOOLI
=N ES Amin=-3
“Ne= AMaH=3
wha= nacl=1
~hy= Yrin=-18
~Ne= ‘Yrmax=1@
~NE= Veol=1
Ne= Ares=1
3. y=x"-8
y-intercept:

Let x=0, then y=(0)’ -8=-8.

Let y=0,then 0=x"-8

each x-value in the interval. X =8
x=2
The intercepts are (0,—-8) and (2,0).

The local maximum is y =5 and it occurs at

101. Not necessarily. It just means f(5)> f(2).

The function could have both increasing and

decreasing intervals. 4. (_ oo,O)
102. Jx)= /) _ b=b _ 0 5. piecewise-defined
Xy =X Xy =%
f(2)—f(—2):O—O:0 6. True
2-(-2) 4

7. False; the cube root function is odd and

The solution set is {~2,1} increasing on the interval (—o0,o0).

8. False; the domain and range of the reciprocal
function are both the set of real numbers except

for 0.
Section 1.5 9. b
L y:W/; 10. a
YA 11. C
5_
~ 12. A
B 4, 2)
—(1, 1)
0, 0= 13. E
I e O N N B
-3 L 7 14. G
B 15. B
-Sr 16. D
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Section 1.5: Library of Functions; Piecewise-defined Functions

17. F
23. f()c)zl
18. H *
19. f(x)zx
Yi
10
WL
Ll 111 A 111 1
-10 | (0,00 10
4,4 L
0k 24.
YA
20. f(x)=x ST
74 2,2 C 22
4 0N F a2
— L1 INA T 111 g
= -5 0. 0)[_ 5
10: B
] sk
(-2, 4) - A2
I A1 = 25. f(x)z%/;
-5 (0, 0) 5 _
YA
5_
21. f(x):x3 o
A (L)
10: ZI I : X
I AT S J0.0 s
B (-1, -
Ll A1 1 1 B
-4 : (0, 0) 4 5+
(-2,-8) B 5 _
ok 6. f(x) 3
YA
2. f(x)=+x L A03)
v * ® o
5 L
— _ZI‘ L 11 L IJ[ )(
Ca G2 -
Nl AR e B
3 8 ~ A~
B 27. a. f(-3)=—(-3)*=-9
-5 b. f(0)=4

71
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28.

29.

30.

31.

e f(2)=33)-2=7 3x  ifx#0

32. f()= {4 ifx=0
a. f(=2)=-3(2)=6 a. Domain: {x| x is any real number}
b. f(—l) =0 b. x-intercept: none

y-intercept: f (0) =4
2

¢ f(O) = 2(0) +1=1 The only intercept is (0,4) .
a. f(-2)=2(-2)+4=0 ¢.  Graph:

y
b.  f(0)=2(0)+4=4 S
0.4 1
e f(1)=2(1)+4=6 (1,3)

T T 1

A I N
d /(3)=(3)-1=26 s 5 x

(71, 73)

a. f(-D)=(1’=-1
b. £(0)=(0) =0
c. fM=3D+2=5

-5

d. Range: {y|y=0}; (-,0)u(0,)

—2x+3 ifx<1
d. f(3)=3(3)+2=11 33. x) =
( ) ( ) S 3x-2 ifx>1
2x ifx#0 a. Domain: {x| x is any real number}
f(x) = .
1 ifx=0 .
b. Xx-intercept: none
a. Domain: {x| x is any real number} y-intercept: f (0) = —2(0) +3=3
b. x-intercept: none The only intercept is (O, 3) .
y-intercept:
f(O) -1 c. Graph:
¥
The only intercept is (0,1). k
0,3
c. Graph: ©
J L1111 L g
3 -5 L
(1,2) B
©.1) B
L1 L1 -5
-3 3
d. Range: {y|y=1;; (1,0
o b2 o)
3 M. () x+3 ifx<-2
. X)=
-2x-3 ifx>-2
d. Range: {y| y# 0} : (_OO’ O)U(O, Oo) a. Domain: {x| X is any real number}
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Section 1.5: Library of Functions; Piecewise-defined Functions

b. x+3=0 -2x-3=0
x=-3 —2x=3

3

xX=—=

2

x-intercepts: —3 —2
pts: 73
y-intercept: f(O) = —2(0) -3=-3

The intercepts are (—3,0) s [—%,OJ , and

(0,-3).

c¢. Graph:

YA
(=2, 1) 2

(-3.0)

L1/ N 1111

-5 5

9

©,-3)

-8

d. Range: {y|y£l}; (-0, 1]

x+3 if —2<x<1
35. f(x)=<5 ifx=1
—x+2 ifx>1

a. Domain: {x|x2—2}; [2, )

b. x+3=0 —x+2=0
x=-3 —x=-2
(not in domain) x=2

x-intercept: 2

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

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

c¢. Graph:

Y

5-o(1.5)

?(1,4)

-2, 1)/: (1,1)

L TN 5
-5 L 5

S

d. Range: {y|y<4, y=5}; (-0, 4) U {5}

2x+5 if =3<x<0
36. f(x)=<-3 ifx=0
—5x ifx>0

a. Domain: {x|x>-3};[-3,00)
b. 2x+5=0 —5x=0
2x=-5 x=0

5 (not in domain of piece)
2

X=—
x-intercept: —E
pt: 5
y-intercept: f (0) =-3
. 5
The intercepts are (—5,0] and (O, —3).

c. Graph:

I 7 T O Y I
- d 6

d. Range: {y|y<5}; (-,5)

I+x ifx<0
37. =
/) {xz ifx>0
a. Domain: {x| x is any real number}
b. 1+x=0 x> =0
x=-1 x=0

x-intercepts: —1,0
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y-intercept:  f (0) =0°=0 b. x-intercept: none
There are no x-intercepts since there are no
The intercepts are (—1,0) and (0,0) . values for x such that f (x) =0.
Graph: y-intercept:
¥ There is no y-intercept since x =0 is not in
I the domain.
0, 1) (1,1 c. Graph:
(-1, 1)/ Yy
I | [ 3
7 oY i (=2,2)
21 — (1,1)
Range: { y| y is any real number} _'7 ' L R
1 ifx<0 -
38. f(x)=< x
3 .
Yx ifx>0 d. Range: {y|y>0}; (0,)
Domain: {x| x is any real number}
1 0. 1) 2—-x if —3<x<1
- 30 _ . xX)=
770 fr=0 Jro ifxsl
(no solution) x=0
x_intercept: 0 a. Domain: {x| -3<x<l1 and X > 1} or
y-intercept: f(O) = %/6 =0 {x |x2>-3,x# 1} ; [—3,1)\)(1,00) .
The only intercept is (0,0) . b. 2—-x=0 x=0
Graph: x=2 x=0
y (not in domain of piece)
5 no x-intercepts
-int t: 0)=2-0=2
wn y-intercep f( )
[ R N The intercept is (0,2) .
-5 0, 0) 5
1,-1) c¢. Graph:
}7
-5
(3.9 sk
d. R : i 1 b B
ange { y| y is any real num er} B .2
| | 0,2) \/o/'
x if -2<x<0 I I
39. f(x)= s _ -5 B 5 x
X ifx>0 n
a. Domain: {x|—2£x<0andx>0} or -
-5+
{x]x2-2,x20}; [-2,0)0(0,). L
d. Range: {y| y> 1} ; (Loo)

74
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Section 1.5: Library of Functions; Piecewise-defined Functions

x? if0<x<2
41. f(x)={x+2 if2<x<5
7 if >5

a. Domain: {x|x>0}; (0,00).

b. x*=0

(not in domain
of piece)
x+2=0 7=0
x=-2 (not possible)
(not in domain
of piece)
No intercepts.
c¢. Graph:
A

5, 7)1

M
*.'(0, 0) g

d. Range: {y|0<y£7}; (0,7]

3x+5 if —3<x<0
2. f(x)=15 ifo<x<?2
24l ifx>2

a. Domain: {x|x2—3}; [3,00).

b. 3x+5=0 5=0 ¥ +1=0
_ 5 (not possible) x? = 1
3 (not possible)

. 5
X-1ntercept: ——
3

y-intercept: f (0) =

The intercepts are (0,5) and (—%,Oj.

43.

44,

45.

46.

47.

c¢. Graph:
A
g r}(s 10)
(_5,0)_ &/ (2,5) 1
3 0,5 4H
=3 0 6
(-3 =)

d. Range: [—4, o)

Answers may vary. One possibility follows:
-Xx if —1<x<0
J()=11

—X if0<x<2

Answers may vary. One possibility follows:

X if —1<x<0
f(X):{1

if0<x<2
Answers may vary. One possibility follows:

—X ifx<0
f(X)={
—x+2

if0<x<2
Answers may vary. One possibility follows:

3 2x+2 if —1<x<0
J)= X ifx>0
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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48.

b.

C.

(=2,3) 3 2,3)
]

N
el

The domain is [-2,2].
Absolute max: f(-2)= f(2)=3
Absolute min: none

15x-10.01 ifx>3

34.99 if0<x<3
49. C=

a.

b.

C.

C(2)=$34.99
C(5)=15(5)-10.01=$64.99

C(13)=15(13)-10.01= $184.99

3+x 0<x<4

50. F(x)={4x+10 4<x<9

51.

®

74 9<x<24

F(2)=3+2=5

Parking for 2 hours costs $5.

F(7)=4(7)+10=38

Parking for 7 hours costs $38.

F(15)="74

Parking for 15 hours costs $74.

F(9)=4(9)+1=46

Parking for 8 hours and 24 minutes costs

$46.

Charge for 20 therms:

C =23.44.+0.91686(20) + 0.26486(20)
=$47.07

Charge for 150 therms:
C =23.44+0.91686(30) + 0.26486(30)
+0.50897(120)
=§119.97

76

52.

For 0<x<30:
C=23.44+091686x+0.26486x

=1.18172x+23.44
For x>30:

C =23.44+0.91686(30) +0.50897 (x —30)

+0.26486(30)

=23.44+27.5058+0.50897x -15.2691

+7.9458
=0.50897x +43.6225

The monthly charge function:
3 {1.18172x+23.44 if0<x<30

0.50897x+43.6225 if x > 30
Graph:

Ccp (150, 119.97)

[
>
(=]

Charge (dollars)
n
(—]

(30, 58.89)
¥(0,23.44)
50 100 >

Usage (therms)

Charge for 1000 therms:
C =90.00+0.1201(150) + 0.0549(850)

+0.35(1000)
=$504.68

Charge for 6000 therms:
C =90.00+0.1201(150) + 0.0549(4850)

+0.0482(1000) +0.35(6000)
=$2522.48

For 0<x<150:
C=90.00+0.1201x+0.35x

= 0.4701x +90.00
For 150 < x < 5000 :
C'=90.00+0.1201(150)+0.0549 (x ~150)
+0.35x
=90.00+18.015+0.0549x —8.235
+0.35x
= 0.4049x +99.78
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For x> 5000 : d.
C =90.00+0.1201(150)+0.0549(4850) ;
=90.00+18.015+266.265 +0.0482x — 241 = i
+0.35x < 2000 /72000, 2124.28)
: < 1500 u
—0.3982x +133.28 £01000 »
The monthly charge function: Z 500 Lo
0.4701x+90.00 if 0<x<150 o 0,90 7 1(1000, 504.68)
C(x)=10.4049x+82.38 if 150 <x <5000 0,90y}~ 2000 4000 6000 ¥
0.3982x+115.88 if x> 5000 (150, 160.52) Usage (therms)

53. For Schedule X:

0.10x

952.50+0.12(x —9525)
4453.50 +0.22(x — 38,700)
14,089.50 + 0.24(x —82,500)
32,089.75+0.32(x —157,500)
45,689.50 +0.35(x — 200, 000)
150,689.50 +0.37(x — 500, 000)

f(x) =

54. For Schedule Y —1:

0.10x
1905.00+0.12(x—-19,050)
8,907.00+0.22(x —77,400)
28,179.00 + 0.24(x —165,000)
64,179.00+0.32(x—315,000)
91,379.00 4+ 0.35(x —400,000)
161,379.00 +0.37(x — 600,000)

Jf(x) =

if 0<x<9525

if 9525 <x<38,700

if 38,700 < x <82,500
if 82,500 < x <157,500
if 157,500 < x <200,000
if 200,000 < x < 500,000
if x> 500,000

if 0<x<19,050

if 19,050 < x <77,400

if 77,400 < x <165,000
if 165,000 < x <315,000
if 315,000 < x < 400,000
if 400,000 < x < 600,000
if x> 600,000

. a. Let x represent the number of miles and C be the cost of transportation.

0.50x if 0<x <100
Clx) = 0.50(100) + 0.40(x —100) if 100 < x <400
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
0.50x if 0<x <100
10+0.40x if 100 < x <400
C(x) = .
70+0.25x if 400 < x <800
270 if 800 < x <960

77
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y

Cost (dollars)

0, 0)

-y
—
(—]

and Functions

A

275 [-(800, 270)};;‘11
200

,’2400, 170)-

}f

‘#(100, 50)

I -
500 1000 x

Distance (miles)

b. For hauls between 100 and 400 miles the costis: C(x) =10+ 0.40x .

¢. For hauls between 400 and 800 miles the costis: C(x)=70+0.25x .

56. Letx =number of days car is used. The cost of
renting is given by

185 if x=7
222 if 7<x<8
C()= 259 if 8<x<9
296 if 9<x<10
333 if 10<x<11
370 if ll<x<14
YA |
2370 o
5 333 ¢
< 296 ¢
Z 2591
S 222
185.v# N

57. a. Lets=the

7 9111315 «x
Days

credit score of an individual who

wishes to borrow $300,000 with an 80% LTV
ratio. The adverse market delivery charge is

78

given by

9000 if s<659

8250 if 660<s<679
5250 if 680 <s<699
3750 if 700<s <719
2250 if 720<s<739
1500 if s>740

C(s):

b. 725 is between 720 and 739 so the charge
would be $2250.

c. 670 is between 660 and 679 so the charge
would be $8250.

58. Letx =the amount of the bill in dollars. The
minimum payment due is given by
x if 0<x<10
10 if 10<x <500
f(x): 30 if 500 < x <1000
50 if 1000 < x <1500
70 if x>1500
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59.

60.

61.

Section 1.5: Library of Functions; Piecewise-defined Functions

- yYi
5
a 100
S E 80 o
ES 40 S
2 20 han
E ALT >
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) < 300
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 oz [0S (10)
22.04
~-21°C
10.45+10415-15)(33-(-10
c. W:33—( HIIS )( ( ))
22.04
~ -34°C

d. W =33-15958(33—(-10))=-36°C

Let x = the number of ounces and C (x) =the
postage due.
For 0<x<1: C

x)=$1.00

(x)
For 1<x<2: C(x)=1.00+021=8$121

For 2<x<3: C(x)=1.00+2(0.21)=$1.42

(x)
For 3<x<4: C(x)=1.0+3(0.21)=$1.63

62.

For 12<x<13: C(x)=1.00+12(0.21)=$3.52

w W

Postage (dollars)

mEENDh

246 81012 x
Weight (ounces)

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=b
5
=——x+13
T
Therefore,
§x+3 if0<x<8
8 if8<x<16
d(x)=

—ix+13 if16 <x<32
16

3 if32<x<38
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63.

64.

65.

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(D)+g(x)=2x+3)+(-4x+1).
=-2x+4

On the interval (0,2):

(f+g)(@) = f(x)+g(x)=2x+3)+(x=T7).
=3x-4
On the interval [2,00):

(f+2)x) = f(x)+g(x) = (x> +5x)+(x—7)
=x?+6x-7
—2x+4 if x<0
So, (f+g)(x)=13x-4 if 0<x<2
x> +6x—7 if x=2

Each graph is that of y = x*, but shifted
vertically.

Vi [ A
llllllll'ulll".ll ] ""fl’:-"ll.":l'l

Lhoh K
III l'|l l.______.-' II| I|
Y i
[
i 3 5
5 ; %
vl
-2

If y=x?+k, k>0, the shiftis up & units; if

y= x? =k, k >0, the shift is down k units. The
graph of y =x? —4 is the same as the graph of
y = x?, but shifted down 4 units. The graph of
y =x>+5 is the graph of y = x*, but shifted up
5 units.

Each graph is that of y = x*, but shifted
horizontally.

o)}

I III III IIII

W
LB |

)
—
-
hernlli}—

2
If y=(x—k)?, k>0, the shift is to the right &

units; if y =(x+ k)z, k > 0, the shift is to the

66.

67.

left k£ units. The graph of y =(x+ 4)2 is the
same as the graph of y = x?, but shifted to the
left 4 units. The graph of y = (x—35)* 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.

6
—
. o
) o -
o

f 3 o -
¢ ."H.__. -".._ II|lII IlII I_.-'l __.--".
) i, R

— _j-x.""_l-l'l,_lll I|II _n"l i .

-'d- -_--.

R o
SN 11

'
N

W

2
If y= k| x| and k >1, the graph is stretched

vertically; if y = k| x| and 0 < k <1, the graph is
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.

The graph of y = —| x | is the reflection of the

graph of y :| X | about the x-axis.
6

. y= -
¥

-~
y= :._|x x| - -
-

=
Multiplying a function by —1 causes the graph to
be a reflection about the x-axis of the original
function's graph.
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68. The graph of y =+/—x is the reflection about the

69.

70.

Section 1.5: Library of Functions; Piecewise-defined Functions

y-axis of the graph of y = Jx

-1
The same type of reflection occurs when
graphing y=2x+1andy =2(-x)+1.

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-17+2
! !
/

T
e

-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.

71.

72.

73.

The graphs of y = x", n a positive odd integer,
all have the same general shape. All go through
the points (—1,-1), (0,0),and (1,1). As n
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=l = x7
1 ==L
Pt \
i y=x
4 "

1 if x is rational

161,

Yes, it is a function.

if x is irrational

Domain = {x| x is any real number} or (—o0,%)
Range = {0, 1} or {y|y=0o0ry=1}
y-intercept: x =0 = x isrational = y =1

So the y-interceptis y =1.

x-intercept: y =0 = x is irrational

So the graph has infinitely many x-intercepts,
namely, there is an x-intercept at each irrational
value of x.

f(—x) =1= f(x) when x is rational;
f(=x)=0= f(x) when x is irrational.
Thus, f'is 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.
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Section 1.6

1.
2.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

horizontal; right

y

False

about the x-axis of the graph of y = f(x). 31.

False
d
b

True

o Q o » = O T @m W

C)M

20. K

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.
. True; the graph of y =—f'(x) is the reflection

32.

33.

34.

3s.

36.

37.

82

y =(2)c)3 =8x°
_1s

y=,x

M) y=vx+2

M y=—+x
2) y=—Jx-3
(3) y=—Jx-3-2

M y=3Vx
(2) y=3Jx+4
B) y=3Jx+5+4

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

() y=-(x+3)+2="-x-3+2

(c); To go from y = f(x) to y=—f(x) we
reflect about the x-axis. This means we change
the sign of the y-coordinate for each point on the
graph of y = f(x). Thus, the point (3, 6) would

become (3,—6) .

(d); To go from y = f(x) to y=f(-x), we
reflect each point on the graph of y = f(x)

about the y-axis. This means we change the sign
of the x-coordinate for each point on the graph of

y = f(x). Thus, the point (3,6) would become
(-3.6).

(c); To go from y = f(x) to y=2f(x), we
stretch vertically by a factor of 2. Multiply the
y-coordinate of each point on the graph of

y = f(x) by 2. Thus, the point (1,3) would
become (1,6).
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38.

39.

40.

41.

(c); To go from y = f(x) to y=f(2x), we
compress horizontally by a factor of 2. Divide
the x-coordinate of each point on the graph of

y = f(x) by 2. Thus, the point (4,2) would
become (2,2).

f(x)=x*-1
Using the graph of y = x?, vertically shift
downward 1 unit.

yi
A 2.5 1
(—1, 0)\ /(1, 0)
TN/ T
-(0, 1)
HHH

The domain is (—oo,oo) and the range is
[—l,oo) .

f(x)=x"+4
Using the graph of y = x?, vertically shift
upward 4 units.

Yi

I
s

gf_x

The domain is (—oo,oo) and the range is [4,00) )

g(x)=3x

Using the graph of y = Jx , horizontally
compress by a factor of 3.

J’
B G D

[T 11
—
| b
-

(0,03 ¥

The domain is [0,00) and the range is [0,00) .

Section 1.6: Graphing Techniques: Transformations

42. g(x)= i/;

Using the graph of y = Ix , horizontally stretch

by a factor of .
Y
5

-1.-2)

|
T 17T T 17T 17T T
=N

-5

The domain is (—o0,0) and the range is

(%),

(2, 1)l
|

(YN

i
C(=2,-1)
N
[T 11

43. h(x)=+x+2

Using the graph of y = Jx , horizontally shift to
the left 2 units.

Y
HEN
F’__('z; 2)—
(-1 D1
Vad i
(—2,0) 5x

The domain is [—2,00) and the range is [0,00) .

44. h(x)=+/x+1

Using the graph of y = Jx, horizontally shift to
the left 1 unit.
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45.

46.

1T

(3.2)

1
/|||||¢V
5

The domain is [—l,oo) and the range is [O,oo) .

S =@x=1)"+2
Using the graph of y = x*, horizontally shift to

the right 1 unit [ y= } then vertically

shift up 2 unlts y = x 1

(2,3)

(1,2)
||| ,,,,x

=5

The domain is (—oo,oo) and the range is
(~0.0).

f()=(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

B
L

I I

47.

48.

49.

The domain is (—oo,oo) and the range is
(00).

g(x) = 4x
Using the graph of y = Jx , vertically stretch by
a factor of 4.
y
9

4.8

(1.4)

I T T O
L (0,0) 8

The domain is [O,oo) and the range is [O,oo) .

g0 =

Using the graph of y = Jx, vertically compress
by a factor of %

Y

\
5=

| I |
5 (0, 0) 5

=5
The domain is [O,oo) and the range is [O,oo) .

f)==x
Using the graph of y = Ix , reflect the graph
about the x-axis.

YA
10~
(B2
L1 11 T T 3
-10 [ 0
| (1,-1) (g 72)
-10-
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50.

51.

52.

Section 1.6: Graphing Techniques: Transformations

The domain is (—oo,oo) and the range is [y _ 3(x—2)2 . 1} .
—00,0 ) .
( ’ ) YA
5 -,
S ==x (LAY 6.4
Using the graph of y = Jx , reflect the graph - \Je
about the x-axis. L T e
YA =5 L 5
3 B
B sl
R W ini '
—~ i s The domain is (—oo,oo) and the range is [l,oo) .
- &2 53. g(x)=2x—-2+1
=5 Using the graph of y = Jx , horizontally shift to
The domain is [0,00) and the range is (—00, 0] : the right 2 units [ y=Alx— 2} , vertically stretch
F(x)=2(x+1)> -3 by a factor of 2 [y =2x— 2} , and vertically
Using the graph of y = x*, horizontally shift to shift upward 1 unit [ y=2Jx-2+ 1} )
the left 1 unit [ y=(x+ 1)2} , vertically stretch Y
8 -
by a factor of 2 [y=2(x+1)2}, and then —
vertically shift downward 3 units B
) =
[yzZ(x+1) —3] - (o)
|1 T Y
S =2 | 8
(3.5 5E¢(L5) ok

| The domain is [2,00) and the range is [l,oo).
L1y | I

-5 5

2.-1) ©.-1) 54. g(x)=3|x+1|-3

(-1,-3) Using the graph of y = | x | , horizontally shift to

=S

the left 1 unit [ y= |x+ 1” , vertically stretch by a

The domain is (—oo,oo) and the range is factor of 3 [y _ 3|x +1

] , and vertically shift
[_3’00) ' downward 3 units [y = 3|x+ 1| —3} )

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

85
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5S.

56.

The domain is (—oo,oo) and the range is
[—3,00) .
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= \/—7 - 2} .

n
T 11rTr=

(_4:0)
~y L

REERN ’

(05 _2)

T T 1T

-5

The domain is (—oo,O} and the range is [—2,00).

h(x) =i+2 = 4(lj+2
X x
Stretch the graph of y = 1 vertically by a factor
x

of 4 { y=4- l = i} and vertically shift upward 2
x X

. 4
units [y :—+2]
X

57.

58.

y
SR
e,
e U
S 2.0\ - 5
-1,-2)% -~
L s

The domain is (—oo,O) u(O,oo) and the range is

(—0.2)u(2,).

f()==(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} .

y

5
(TZEOR T I I B
-5 5
(=L =D (0, -2)

=5

The domain is (—oo,oo) and the range is
(o0,0).
f(x)=—4VJx-1

Using the graph of y = Jx , horizontally shift to
the right 1 unit [ y=d/x —1} , reflect the graph

about the x-axis [ y=—lx— l] , and stretch

vertically by a factor of 4 [ y=—4Jx—- l] .
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59.

60.

YA

e v o

-9

The domain is [l,oo) and the range is (—oo, 0] .

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 .

Y

0,2)
L1l

-5

The domain is (—oo,oo) and the range is [O,oo) .

g(xX) =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]

Yy
8
(_%

T T

The domain is (—00,2] and the range is [0,00) .

Section 1.6: Graphing Techniques: Transformations

61.

62.

h(x) = i

. 1 .
Using the graph of y = —, vertically compress
X

by a factor of %

Y4 -

{0

- 5%
4

The domain is (—oo, 0) U(O, oo) and the range is
(+n.0)0(0).

F(x)=3x-1+3

Using the graph of f(x) = 3/x , horizontally shift
to the right 1 unit [ y=3x- IJ , then vertically

shift up 3 units [ y=3r_1+ 3} .

YA
S {1 o>
9, 5)
(-7,1)_ |
0
&) 0%

The domain is (—oo,oo) and the range is

(<o),
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63. a. F(x)=f(x)+3
Shift up 3 units.

YA
7_
(0,5) b—a(2.5)
I N
(4,1 B
| | | X
-5 | 5

3+

b. G(x)= f(x+2)

Shift left 2 units.
y
5—

(-2,2) [1(0,2)
A NG
Gy / 3
(-6,-2) B

sk

¢ Px)=—/(x)

Reflect about the x-axis.

YA
5_
(_4’ 2) _
- 4,0)
[ | [ P
-5 L 5
0,-2) (2,-2)
_5

d Hx)=f(x+1)-2

Shift left 1 unit and shift down 2 units.
YA
3

-5 5
(3, _2)
5.4

—_
=
]

=

0(x) = %f(x)

. 1
Compress vertically by a factor of 3

¥y
5

T 1T T

o1 @1
LT
-5 4.0) 5

(=4.-1)

Ve

-5

g(x)=f(=x)

Reflect about the y-axis.
YA
5

(-2.2) 0.2)

=5 (-4,0) 5

4.-2)

-5

h(x) = f(2x)
Compress horizontally by a factor of %

Y
5

T 1T

0.2)

o
/

—
—
)

—

»

,-\

N

=)

S
Ve

-

-5

(-2,-2)

-5
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64. a.

F(x)=/(x)+3
Shift up 3 units.
YA

b. G(x)=f(x+2)
Shift left 2 units.

y

5

0,2)

X

s

(2.-2)

(=6.-2) (-4.-2)

-5

¢ Pl)=-/(x)

Reflect about the x-axis.

YA
5_
-4,2) (-2,2)[ 4,2)
Lt N
— A 5
L 2.-2)
5L

d Hx)=f(x+1)-2

Shift left 1 unit and shift down 2 units.

Yy
5_
|||||_(11’|0)|||.3€
_>—/ 5
(-5, <4)(3, ) 5 (3.4

89

Section 1.6: Graphing Techniques: Transformations

65.

o) =%f(x)

. 1
Compress vertically by a factor of 5

y
5 —
C 2D
I I 1 [
= LN
(-4, -1) (-2, - 4, -1
sk
g(x)=f(=x)
Reflect about the y-axis.
YA
5 —
(=2,2)
L1 LN
-5 / ™ 5
(-4, -2) : (2,-2)(4,-2)
-5+
h(x) = f(2x)
Compress horizontally by a factor of %
YA
5_
(1.2
I AW
-5 L 5
(-2,-2) — (2,-2)
(-1, -2
-5
F(x)=f(x)+3
Shift up 3 units.
YA
8 —
- (3.4)
(-, 3) @‘/"'\ (.3)
| | - [
—TT _ | i T
2 L
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b. G(x)=f(x+2) f. g()=f(=x)
Shift left 2 units. Reflect about the y-axis.
Yy YA
2F 2
(7-21)] (5.1
_ -2,0
(—m—2,0),(- 2s,0)/‘\'(“, 0, | o
—2w\ —m T 2w i T T -
| 2 2
T _9 _ B
ERA b
-2 ol 2
c. P(x)=-f(x) g h(x)=f(2x)
Reflect abo;lt the x-axis. Compress horizontally by a factor of % .
A
2 YA
(-3-1) 2
- (5-1)
| | FR F
- T z g | L [
2 - -T _T pis T
B (1: 1) 2 2
z- L
5]
2+
d. Hx)=f(x+1)-2
Shift left 1 unit and shift down 2 units. 66. a. F(x)=f(x)+3
y Shift up 3 units.
1+ YA
8 —
| (0,4)
(—“M N;)
1 1 - 1 L r
-mT w L m ™
2, 2

. 00 =%f(x)

b. G(x)=f(x+2)

Shift left 2 units.
y Y
- r
(—2,1)

i < l [\_ | L
—2’7ro|' \\' w™ 2w

(_J_ZL’ _%) (—m—2,-1) _("lT -2,-1)
_2_

Compress vertically by a factor of % .

—
[ 1]
(S
—_—

4
<
wila —
|
I
S
el

90
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C.

P(x)=—f(x)
Reflect about the x-axis.
y
2 -
—1T, 1) B ("ﬂ', l)
v _Y;\‘ i

-2+

(

—~
=)
|
Y
=

H(x)= f(x+1)-2

Shift left 1 unit and shift down 2 units.
Yy

4_

| | |
—2m (=1, -1) T 2w

(-m-1.-3) 4L @-1.-3

0 =210

Compress vertically by a factor of %

y

L I/\I L
- A7 ™ T
0\ 2 2
(=) (=)
_2 —
gx)=f(=x)
Reflect about the y-axis.
Y
2 |—
(0,1)

N

(=m, —1) B (m, —1)

|

3

NI
Nl

3

Section 1.6: Graphing Techniques: Transformations

g h(x)=[f(2x)

Compress horizontally by a factor of % .

y
(0,1) 4t

(STE=
3k

—
|
SIE|
|
—_
S~
—
oy

)

67. f(x)= x% +2x
F(x)=(x"+2x+1)-1
F)=(x+1)* -1
Using f(x) = x?, shift left 1 unit and shift down
1 unit.

L1 1 | I T T
-5(=2,0) (0,0 5
(=1, -1)

-5

68. f(x)=x*—6x
F(x)=(x*—6x+9)-9
[(x)=(x=3)"-9
Using f(x) = x?, shift right 3 units and shift

down 9 units.
y
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69.

70.

71.

f(x)=x*—8x+1
f(x):(x2—8x+l6)+1—16
f(x)=(x—4) -15

Using f(x) = x*, shift right 4 units and shift
down 15 units.

y
(0,1)\1‘ ﬁ&l)
| N T T [

9

13 (4,-15)

f(x)=x*+4x+2

f()=(x* +4x+4)+2-4

() =(x+2)* -2

Using f(x) = x?, shift left 2 units and shift

down 2 units.

y
5
(-4,2) 0,2)
LN 11 I T 3
-5 5
(-2,-2)
-5

f(x)=2x"-12x+19

= 2(x* = 6x)+19

=2« =6x+9)+19-18

=2(x=3)’ +1
Using f(x)=x, shift right 3 units, vertically
stretch by a factor of 2, and then shift up 1 unit.

f(x)=3x" +6x+1
=3(x7 +2x)+1
=3(x7 +2x+1)+1-3
=3(x+1)" -2
Using f(x)=x7, shift left 1 unit, vertically

stretch by a factor of 3, and shift down 2 units.

10

—10-

f(x)=-3x" -12x-17
= -3(x* +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.
Y

Ve

|
I
n—
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74.

75.

76.

f(x)=-2x"-12x-13
= -2(x* +6x)-13
=-2(x* +6x+9)-13+18
=2(x+3)*+5

Using f(x)=x7, shift left 3 units, stretch

vertically by a factor of 2, reflect about the x-
axis, and shift up 5 units.

(=3.5)

(I N
5

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
and 1.

b. The graph of y = f(x—2) is the same as
the graph of y = f'(x), but shifted 2 units to
the right. Therefore, the x-intercepts are —3
and 5.

c. 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.

d. 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.

a. 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.

b. The graph of y = f(x—3) is the same as
the graph of y = f(x), but shifted 3 units to

Section 1.6: Graphing Techniques: Transformations

77.

78.

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 = —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 decreasing on the

interval [-1,5].

The graph of y = f(—x) is the same as the
graph of y = f(x), but reflected about the

y-axis. Therefore, we can say that the graph
of y = f(—x) must be decreasing on the

interval [-5,1].

The graph of y = f(x+ 2) is the same as
the graph of y = f (x) , but shifted 2 units to
the left. Therefore, the graph of f(x+2) is

decreasing on the interval [—4,5].

The graph of y = f(x—5) is the same as
the graph of y = f (x) , but shifted 5 units to
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79.

80.

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=|/]
YA
2;
(=2, 1) (=1, 1) (1, 1)
i E (2,0)
X
2 2
) -
v=r(x)
YA
2k
(-1, 1) (1, 1)
X
2 2
) -

To graph y = | f(x)|, the part of the graph

for f'that lies in quadrants III or IV is

81.

reflected about the x-axis.

YA
27
LD (1L
V4 XAL;
-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.

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).

The graph of y = —2f(x—2)+1 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).
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82.

a. The graphof 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) .

b. The graphof y = —3g(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) .
c. Thegraphof 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).

83. a. f(x)=|x-3]-3

84.

Using the graph of y =| x|, horizontally shift
to the right 3 units [ y= |x - 3|J and vertically

shift downward 3 units [ y =|x-3[-3].

Yi
6,0/
(0,0 X
3,-3) -
EEEE
b. A:lbh
2
~ SO =9

The area is 9 square units.
a. f(x)=-2|x-4|+4
Using the graph of y = | X | , horizontally shift to
the right 4 units [ y= |x - 4|] , vertically stretch
by a factor of 2 and flip on the x-axis

Section 1.6: Graphing Techniques: Transformations

85.

[y:—2|x—4

units [y = —2|x—4|+4].

J , and vertically shift upward 4

Yi

5+-(4,4

o

6, 0)
X

(
A
(2,0)

1

b. A=—bh
2

1
=54 =8

The area is 8 square units.

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.

Ty

Temperature (°F)
- B
S XN

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 Sam instead of 6am
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86.

and will begin cooling down at 8pm instead
of 9pm.

Ty

=)

[

=
1|
[
|
\
\
\
\
I
\I
\
\

(—]

Temperature (°F)
223

b

0 510152025 ¢
Time (hours after
midnight)

R(o) = 0.15(0)2 —0.03(0)+5.46 =5.46

The estimated worldwide music revenue for
2012 is $5.46 billion.

R(3)=0.15(3)" ~0.03(3)+5.46

=6.72
The estimated worldwide music revenue for
2015 is $6.72 billion.

R(5)=0.15(5)" ~0.03(5)+5.46

=9.06
The estimated worldwide music revenue for
2017 is $5.46 billion.

r(x)=R(x-2)
=0.15(x—2)" ~0.03(x—2)+5.46
=0.15(x* ~4x+4)-0.03(x-2)
+5.46

=0.15x> —0.6x+0.6—0.03x
+0.06+5.46

=0.15x% —0.63x+6.12
The graph of r(x) is the graph of R(x)
shifted 2 units to the left. Thus, r(x)

represents the estimated worldwide music
revenue, x years after 2010.

r(2)=0.15(2)" ~0.63(2)+6.12=5.46

The estimated worldwide music revenue for
2012 is $5.46 billion.

d.

c.

r(5)=0.15(5)" ~0.63(5) +6.12

=6.72
The estimated worldwide music revenue for
2015 is $6.72 billion.

r(7)=0.15(7)" -0.63(7)+6.12

=9.06
The estimated worldwide music revenue for
2017 is $9.06 billion.

In r(x) , X represents the number of years

after 2010 (see the previous part).

Answers will vary. One advantage might be
that it is easier to determine what value

should be substituted for x when using » (x)

instead of R(x) to estimate worldwide

music revenue.

87. F=§C+32

(100, 212)

32.47(0,32)

[N I I N I N B Y
10 20 30 40 50 60 70 80 90 100

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)

[=]

96

A | | | | | K
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)
Ife=0, y=x"

If ¢ =3, y = (x—3)%; shift right 3 units.
If c=—-2, y = (x+2)?; shift left 2 units.

6

Section 1.6: Graphing Techniques: Transformations

90.

91.

92.

y= X’ +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
( . jz
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 x#<0
and right if 4> 0) to get
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1
f(x)_«/ﬁ

93.

94.

9s.

96.

exp| — . Then stretch/compress

(x;:]z

. |
vertically by a factor of — to get
c

f(x) =

1 1
O 27 2

[multiply all the y-coordinates by l} .
o

1. Stretch/compress horizontally by a factor or o
(stretch if o >1)

2. Shift horizontally | ,u| units (left if # <0 and
right if #>0).

3.Stretch/compress vertically by a factor of 1
o

(compress if o>1)

The graph of y =4f(x) is a vertical stretch of the

graph of /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 =+/—x 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, it is bounded on the left by
x =—4 . Thus, the area of the second region would

16 .
also be 3 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 if k <0, so

the range of g is [k, oo) .

97.

The domain of g(x) = Jx s [0,00) . 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) .

Section 1.7

10.

11.

12.

13.

f(x+2j:4(x+2j—2:x+2—2=x.
4 4

The function f(x)=x? is increasing on the

interval [O,oo) . It is decreasing on the interval
(~0.0].

. The function is not defined when x> +3x—18=0.

> +3x-18=0
(x+6)(x-3)=0

x=—6 or x=3

The domain is {x|x# -6, x #3}.

Solve:

x—3y=-8
—3y=-x-8
_—x—8
S
_x+8 lx N §
YT T3
S ()= /(%)
one-to-one
3
y=x
[4.0)
True
a
d
The function is one-to-one because there are no

two distinct inputs that correspond to the same
output.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

The function is one-to-one because there are no
two distinct inputs that correspond to the same
output.

The function is not one-to-one because there are
two different inputs, 20 Hours and 50 Hours, that
correspond to the same output, $200.

The function is not one-to-one because there are
two different inputs, John and Chuck, that
correspond to the same output, Phoebe.

The function is not one-to-one because there are
two distinct inputs, 2 and -3, that correspond to
the same output.

The function is one-to-one because there are no
two distinct inputs that correspond to the same
output.

The function is one-to-one because there are no
two distinct inputs that correspond to the same
output.

The function is one-to-one because there are no
two distinct inputs that correspond to the same
output.

The function f'is one-to-one because every
horizontal line intersects the graph at exactly one
point.

The function f'is one-to-one because every
horizontal line intersects the graph through at most
one point.

The function fis not one-to-one because there are
horizontal lines (for example, y =1) that intersect

the graph at more than one point.

The function f'is not one-to-one because there are
horizontal lines (for example, y =1) that intersect

the graph at more than one point.

The function f'is one-to-one because every
horizontal line intersects the graph through at most
one point.

The function fis not one-to-one because the
horizontal line y =2 intersects the graph at more

than one point.

Section 1.7: One-to-One Functions; Inverse Functions

27.

28.

29.

30.

99

Graphing the inverse:
YA
2 —

20" L

Ve

Graphing the inverse:
YA

f—l

20 2|
O, 1 /
(—1,0)/ e
| /

(2,-2)
s

Graphing the inverse:
YA

(1,2)

3\
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31. Graphing the inverse:

Y //
3_ //y:x
L s
el -1
VPt !
[ R R Loy
- s
3 p 3
s
s
s
s
4 -3

32. Graphing the inverse:

y=x,
YA
2k s
%
%
— —1
v f
| | S N -
A 2
Z
// -2
s

33. f(x)=3x+4; g(x)z%(x—4)
£ ()= fG(x—4)j

=3(§(x—4)j+4
=(x—-4)+4

=X

g(f(x)=gBx+4)
= %((3x+ 4)-4)
= %(3x) =x

Thus, f'and g are inverses of each other.
1
34. f(x)=3-2x; g(x)=—z(x—3)

£ (g() = f(—%(x—3))

=3—2(—%(x—3)j

=3+(x-3)

=X

100

g(f(x)=gB-2x)
=—%((3—2x)—3)

——2(-29)
=X

Thus, fand g are inverses of each other.

35. f(x)=4x-8  g(x)= §+ 2

f(g(x))=f[§+2j

=4(1+2]—8
4
=x+8-8

=X

2(f(x)=g(@x~8)

4x -8 42

=x—2+2

=X

Thus, fand g are inverses of each other.

36. f(x)=2x+6; g(x):%x—3

f(g(x))=f(%x—3j

=2(lx—3j+6=x—6+6

2
=x

g(f(x))=gQx+6)
=%(2x+6)—3=x+3—3
=x

Thus, fand g are inverses of each other.

37. f(x)=x"-8  g(x)=Jx+8
f(2g)=f(Jx+38)
= (Yxv8) -8
=x+8-8

=X

Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions

g(f(x)=g(’-8)

=Jx*-8)+8
=X

Thus, fand g are inverses of each other.
38, f(0)=(x-2%x22, g(x)=+x+2
f(g)=f(Vx+2)
= (Vx+2- 2)2

g(f()=g((x-27)

=J(x=2)% +2
=x—-2+2
=X

Thus, fand g are inverses of each other.
| 1
39. f== gx)==
X X

f(g(x))=f[;]= SRS

g(/)=g[1)- =13

Thus, fand g are inverses of each other.
0. f()=x; gx)=x

f(g)=f(x)=x

g(f(0))=g(x)=x

Thus, f'and g are inverses of each other.

Section 1.7: One-to-One Functions; Inverse Functions

2x+3 (x) = 4x-3
PR 2—

4x-3
Plee)=r[E2]
2(4x—3)+3
_\2-x)
4x—3+4

2—x

) (2(42"_";j+3j(2—x)

[“Zx_3+4](2—x)

41. f(x)=

X
#2

—X
 2(4x-3)+3(2—x)
 4x-3+4(2-X)
_8x—-6+6-3x
" 4x-3+8—4x
_Sx
e
=X

g(f(x))=g(2xx++43j, x4

4(2x+3j_3

__\x+4)
2_2x+3
x+4

(4[2x+3)—3j(x+4)

B x+4
(2—2x+3j(x+4)

x+4

_4Q2x+3)-3(x+4)

C 2(x+4)—(2x+3)

 8x+12-3x-12

T 2x+8-2x-3

_S5x

T s

=X

Thus, fand g are inverses of each other.

101
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x=5 3x+5 p 1 1
42, = ; = Verifying: xX))=f|=x|=3-x|=x
fW=5—" g =1 ying: £ (/7 () f(3 j ( j
Fle)=f[ZE3), cel F@) = £ Gx) =Gy = x
1-2x 2 3
3x+5_5 b.
__1=2x domain of f = range of /' = all real numbers ¢/
2(?;5) +3 range of /' = domain of /™! = all real numbers
—2x
c.
3x+5
-510-2
(1—2x J( v fe)y=3c  _
T ((3x+5 4 ST
2( )+3 (1-2x) SF s/
1-2x -/ 0
| 3x+5-5(1-2%) -/ ) =5y
2(3x+5)+3(1-2x) L e —  x
_3x+5-5+10x _5 I 5
6x+10+3—-6x /7 Ir
IREN; s
13 e [ 5
s
=x
x-5 3 44. a. f(x)=-4x
= —_—, F* ——
(/) g(2x+3j 7T y=—4x
3( x-5 )+5 x=—-4y Inverse
_awvs) b
1_2(;—53 _?
X+ _
- S@y
(3[2x+3j+5j(2x+3) Verifying:
= 1 1
x=5 FAWAES) :f(——xj=—4[——szx
1-2 2x+3
[ (2x+3D( x+3) ( ) 4 4
_3a=9)+5Qx+3) S @)= 1 A = (4 =x
12x+3)—2(x—35) 4
3x—15+10x+15 b. domain of f = range of /' = all real numbers
- 2x+3-2x+10 range of /' = domain offf1 = all real numbers
13 flx) = —4x \Y Sy =x
=X 5 : //
. | /
Thus, f'and g are inverses of each other. fl(x) = — % X B ///
43. a.  f(x)=3x L 17 1 X
y:3x _5 // 5
x=3y Inverse /// A
X , -
= — / —_— -
y 3 L 5
Sl =t
3
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45. a. f(x)=4x+2
y=4x+2
x=4y+2 Inverse

Section 1.7: One-to-One Functions; Inverse Functions

b. domain of f = range of /' = all real numbers

4y=x-2 range of f = domain of £ ' = all real numbers
_x—2 ¢ =X
== ///y
x 1 s
= — /
y 1 .
- x 1
fl(x)zz—a 1y X
S
Verifying: \
- x 1 x 1
v 1(x>)=f(———j:4[———j+2
42 42 fx)=1-3x
=x-2+2=x
4x+2 1
FHf)=f"(4x+2)= 3 A f(o)=x -1
R y=x-1
- 2 Z_X x=y3—1 Inverse
b. domain of f = range of /' = all real numbers ¥ =x+1
range of f = domain of /' = all real numbers y=-x+1
c. ) =Jx+1
flx)=4x+2 /e
=X 3
%_ //y Verifying:f(f’l(x)):f(\3/x+l):<3x+1) -1
/// . =x+l-1=x
7 f(x) ZE —3 -1 S1(3 3
-, )= (1) =3+ -1)+1
/Im
— > _ 3.3
P I
B b. domain of /' = range of /' = all real numbers
— range of / = domain of /' = all real numbers
c.
46. a
Inverse
flx) =
L 1 g X
_2/// -/ >
A Ffx)y=x3-1
s -
/ e
Verifying: v d 5
1 1-x 1-x d
) =f|— |=1-3| —
f(f())f(3] (3)
=1-(1-x)=x
1-(1-3x) 3x

T (f)=r"1-3x)= 3
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Chapter 1: Graphs and Functions

48. a. f(x)=x"+1
y=x"+1
x=)"+1 Inverse
Y =x-1
y=d
@ =1
Veritying:
)= (5T) (45
=x—-1+1=x
)= (0 +1) = (7 +1)-1
I =
b. domain of / = range of /' = all real numbers

range of /' = domain of /' = all real numbers

c.
fx)y=x3+1
y Sy =x
: ’
s
i x)=Vx—-1
P11 X
5

49. a. f(x)=x*+4, x>0
y=x*+4, x>0
x:y2+4,y20 Inverse
y2=x—4, x>4
y:m,x24

) =x—4, x4

Verifying: f(f’l(x)):f( x—4)
:( x—4)2+4
=x—4+4=x

S @)= (5 +4)
= (x> +4)-4

¥ =]

=x, x>0

50.

b. domain of f = range of /' ={x|x>0}

range of / = domain of /" = {x| x> 4}

y f) =2 +d, y=x

x=0 s
/
s
7
7/
/
7
— //fl(x):m
-
I P20 N I I Y I
-2 L 8
Sk

a. f(x):x2+9,x20
y=x49, x>0
x=y"+9, y>0 Inverse
yP=x-9, x>9
y:m, x29

) =vx=9, x29

Verifying: f(f™(x))= f(\/ﬁ)

p. domain of /' = range of /7' = {x | x> 0}
range of / = domain of /' = {x | x> 9}
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Section 1.7: One-to-One Functions; Inverse Functions

52, a f(x)=—>
f(x)=x2+9//y=x *

16_ s/ y:_i
B s x
/
[ , 3
/ x=—— Inverse
y // y
- i =Vx-9 e
s
L DA g AR
-4 7} 16 - 3
A4k [@=-=
% x
Veritfying:
_4 1 _ 3y 3 X))
R A e R
y=2 .
Tx - (33 s (lx)e
) F)=r ( xj- - 3( 3]_x
x=— Inverse -
y x
xy =4 b. domain of / = range of /™' = {x | x = 0}
y:i rangeoffzdomainoff_l={x|x¢0}
X c.
=2 y Sy
X -5 s
Verifying: = //
a0 (A 4 (x) i
r(s (X))—f[;j—z—4-(z)—x - s
= I I R A
4 x4 =S s
f‘(f<x)):f‘[—):—= (fj:x / ‘ . 3
v 7 i =i = -
x s
b. domain of / = range of f ' = {x | x = 0} d B
range of / = domain of /™' = {x | x = 0} :
c 53, a. f(x)=
=x x=2
Yy //y 1
5_ 7/ y=
- // x—=2
B /‘(x):f—l(x):% x=% Inverse
L ’ Y-
A w-2x=1
B S xy=2x+1
L _ 2x+1
T . 2x+1
S0 ="
X
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Chapter 1: Graphs and Functions

Verifying:
f(fl(x)):f(zx;lj 1

e
(xizj(x_z)

2+ (x-2)
1
b domain of f = range of /" :{x|x¢2}

X
=—=X
1

" range of f = domain of /! ={x|x =0}

54.

Verifying:
) o (4-2x) 4
s(r (x))—f( . j—4_2x+2
x
_ 4.x _ 4x —ﬂ—x
_(4—2x j C4-2x+2x 4
+2 |x
X
4 44(12)
-1 _ -l _ X
Sf@)=f ()sz— K
x+2
)
4-2| —— | |[(x+2)
_ x+2 :4(x+2)—2(4)
4 4
_4x+8—8_4_x_x
S

b. domain of f = range of /" = {x|x = -2}
range of / = domain off_1 = {x|x # 0}

x=—— Inverse
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Section 1.7: One-to-One Functions; Inverse Functions

Verifying: Verifying:
- 2-3x 2 _ 4 4
1(s 1<x)):f[ ]= o r(f 1<x))=f(2——j=—
* 34272 . 2—( —4j
X X
B 2-x B 2x 4 4 4.x
= = = = —= ==X
(3+2—3x)x 3x+2-3x 2_2+i 4 4
X X X
2x
==X 1 —1 4 4
- -2
; )= s
, 2—3(32 j 2-x
- +x 2-x
@)= r (M)— - :2_4( ; jzz_(z_x)
3+x =2-2+x=x
2
[2_3(34—x)j(3+x) b. domain of f = range of /' = {x|x=2}
- ( 2 j(3 ) range of f = domain of /' = {x|x¢0}
— +
3+x * 3y
- - 57. a. =
:2(3+x2) 3(2):6+22x 6 S(x) )
2 X - sz
==t x
2 3y
x=—— Inverse
b. domain of / = range of /' = {x|x # -3} y+2
range of f = domain of ' = {x | x # 0} x(y+2)=3y
4 xXy+2x=3y
56. a. f(x)= xy—=3y=-2x
2—x
4 y(x—3):—2x
y=2—x :—2x
4 | x=3
x=——oInverse _
Z—y fﬁl(_x)_ 2x
x(2-y)=4 ¥=3
Zx-xy=4 Verifying:
xy=2x—4 o
25 ()= [—J
X 2x
e () ( J( -
y: —_— _ pa—
X - —2x a
—1 4 (x_3)
ST x)=2-— x—3

—6x —6x
—2x+2x 6 —6
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Chapter 1: Graphs and Functions

1 eS| 3x
=25

2le) )

33 ( 3x —3j(x+2)
x+2

x+2
—6x —6x
= ==X
3x-3x-6 -6

b. domain of / = range of f ' = {x|x¢—2}
range of f = domain of ™' = {x | x = 3}

58, 2. f(x)=-—%

x—1
__ 2
7 x—1
x:_2_y Inverse
y-1
x(y-1)=-2y
xy+-x=-2y
Xy+2y=x
y(x+2):x
X
7 x+2
—1 X
X)=
S () x+2
Verifying:
69
-1 X X+
X = = -
1) f[“z) -

x+2

e

X
(x+2—1)(x+2)

2x
_ o 2x) L o
f‘(f(x>)—f‘( j—_;;

x-1 ——+2
x—1

2x
(‘H)(’“‘”

_(—2’61+2)(x—1)

o
_ —2x

C 2x+2x-2
2

22

=X

b. domain of f = range of f ' = {x|x =1}
range of / = domain of /™' = {x | x # -2}

2x
3x—1
_ 2x
Y 3
_ %y
_ﬁ
3xy—x=2y
3xy-2y=x
y(3x—-2)=x

59. a.  f(x)=

Inverse

X
3x-2
X
3x-2

y:

=
Verifying:
(5.53)

-1 _ x ) 3x-2
I\ (X))_f(3x‘2j_3( x2)_1

3x—

(Z(sf—zn“x‘”
ot

_ 2x _2_x
3x-(Bx-2) 2
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Section 1.7: One-to-One Functions; Inverse Functions

2x (341
- 2x . @)= (_—]
fl.fw)=f( j= - X
( ) 3x-1 3( 2x ]_2 ) 1 ) .
3x-1 (3x+l)+ 3)c+1_3
2x _ - .
= (3x_lj(3x ) _ xl~x _ X
(3(3§i1j—2j(3x—1) (3xx+1_3jx 3x+1-3x
_ 2x .
" 3(20)—2(3x-1) ==
_ 2x _2x . L
T " b. domain of / = range of /' = {x|x # 0}

range of /' = domain of /' = {x | x # —3}

=
H
W | —
%,_/

b. domain of f = range of f ' = {x |

; 61. a. f(x):z’”;l
£f = domain of £~ = {x|x#= T
range of / = domain of /' {x|x 3} 3x44
2x-3
3x+1
60. a. =-
A = 2)} 4 Inverse
3x+1 3
y=- B x(2y-3)=3y+4
3y+1 2xy—-3x=3y+4
XZ_T Inverse 2xy—3y=3x+4
W =-Gy+1) y(2x-3)=3x+4
R :3x+4
xy+3y=-1 gx i
X+
y(x+3)=-1 . ()— 3
y= m Verifying:
x+3 3x+4
f (x)— 3x+4 3 2x-3
-1
x+3 f(f (x)) [2 _3) ) 3x+4
Verifying: 2x—
1
s (x)):f[ij ( 3“4 j(2x 3)
1 -3 =
3( j+1 — 41 3x+4
_ x+f :x+i7, 2 3 -31(2x-3)
) e
x+4)-32x-
:(—_33“].)%3 Ox+12+8x—12 17x
x+ o s | T e
34 d) 6x+8—-6x+9 17
=x
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Chapter 1: Graphs and Functions

2(3x+4)_3
2x-3

(3(3x+4)+4J(2x—3)
B 2x-3
2(3“4)—3 (2x—3)
2x-3
3(3x+4)+4(2x-3)
2(3x +4)—3(2x3)
_Ox+1248x—12 _17x __
6x+8—6x+9 17

3 3x+4 4
3x+4j 2x-3

-1 ol _
)= (2

. _ 3
b. domain of f = range of /' ={xx¢5}

range of /' = domain of /' = {x|x¢%}
2x-3

x+4

_2x-3

x+4

= 2y-3

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

62. a. f(x)=

Inverse

xy—2y=—4x-3
y(x=2)=—(4x+3)
_ —(4x+3) 4x+3

x=2 2-x
Slw=22
2—x
Verifying:
0 4x+3 2(425’}_3
v <x)):f( - j= T

2—x
_2(4x+3)-3(2-x)
T 4x+3+4(2-x)
_8x+6-6+3x

 4x+3+8—4x
L

T
=X

1 o 2x-3
=25

4(2x—3J+3
__\x+4)
2_2x—3
x+4
4(2x—3)+3(x+4)
2(x+4)—(2x-3)
:8x—12+3x+12

2x+8—-2x+3
il

T
=X

b. domain of f = range of f ' = {x|x = —4]
range of /' = domain of /' = {x|x¢2}
63. a. flx)= 23
x+2

_2x+3

x+2

2

o2yl

y+2
xy+2x=2y+3
xy—=2y=—-2x+3
y(x=2)=-2x+3

Inverse

_ —2x+3
- x-=2
—1 _—2x+3
o=
Verifying:
2x+3 2(_2x;3j+3
1 _ - _ X —
v (x))—f( — j— ST
x=2
(2(_2x+3j+3j(x—2)
_ x=2
("ifjuju-@

_2(2x+3)+3(x-2)
C 2x+43+2(x-2)

_ —4x+6+3x-6 —x
T 2x+3+42x-4 -1
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Section 1.7: One-to-One Functions; Inverse Functions

2x+3 _ L (-3x—4
—2(xj+3 ) =1 ‘[—j
f_l(f(x)):f_l 2x+3 _ x+2 x—2
x+2 2x+3 ) (—3x—4j
=0 2 -4
x+2 _ x=2
(—2[2x+3j+3j(x+2) —3x-4 4
x+2 x=2
T (2x+3 C2(Bx—4)-4(x-2)
(x+2 _Zj(”z) T 3x—4+3(x-2)
_ —2(2x+3)+3(x+2) :—6x—8—4x+8
2x+3-2(x+2) 3x—4+3x-6
_—4x—6+3x+6_—_x_x =—10x
2x+3-2x-4 -1 -10
=X

b. domain of f = range of /" = {x|x = -2}

b. domain of f = range of /™' = {x|x %2
range of / = domain of /™ = { x| x = 2} S geof /™ = {x| }

range of /' = domain of /' = {x | x # —3}

64. a. flx)=—2=4 24
x=2 65. a  f(x)="—, x>0
y_—3x—4 2x
= 2
_)36__24 y:—x 24, x>0
x= y2 Inverse 22x
Y- y -4
xX= S >0 Inverse
x(y-2)=-3y-4 2y? g
xy—2x=-3y—-4 s o 1
xy+3y=2x-4 2xy" =y -4, x<5
y(x+3)=2x—4 2 2 1
257 -y =4 -
x4 Wy st xsy
x+3 y2(2x—1)=—4, x<l
—1 2x—4 2
Fw=== 1
o ¥ (1-2x)=4, x<—
Verifying: 2
2x—4 2 _ 4 x<l
f(f‘l(x))=f[ j Y T 2
x+3 2 :
2x—4 = , X<—
—3( j—4 T 2
x+3
=— 2 1
2x—4_2 y: s x<—
x+3 1-2x 2
_ 3Qx-4)-4(x+3) )=, x<l
2x—4-2(x+3) 1-2x 2
_—6x+12—4x-12
2x—4-2x-6
_ —10x
-10
=X
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Chapter 1: Graphs and Functions

Verifying:
(s
f(fl(x))=f( 2 j s
J1-2x [ 2 J
2
1- 2x
4 ( j(l 2x)
_ 1= 2x _
4
2(1_2)6 [ j(l—Zx)
_4-4(1-2x) 4- 4+8x_8_x_
o249 8 8
2_
f“(f(x))=f"(x 24j= 2
2x x* —4
1_2[ j
2x
2 2

b. domain of / = range of f ' = {x| x> 0}

range of / = domain of /' = {x | x < %}

66. a.  f(x)=2 J;3, x>0
3x
2
x“+3
y= , x>0
3x?
y2+3
x==—>5—, y>0 Inverse
3y
1
3xy2=y2+3, x>§
2 2 1
3xy” -y~ =3, x>§
’ 1
y (3x—1)=3, x>§
) 3 1
= ,  X>—
T 3
= 3 x>—
Yo T3
4 3 1
x)= , X>—
/) 3x-1 3

Verifying:

3 2
+3
3 J (3x—lJ
3x—1] 2
3 3
3x-1

3 3 ( 3 +3)(3x—l)
_ 3x—1 _\3x-1

_ 3(3:—1] _ (3(3x3—1)](3x_1)

_3+3(3x-1)

C30)

_3+9x-3

el
9x

9
X

f(f‘l(x))=f(

:|x|=x, x>0

b. domain of f = range of /' = {x|x>0}

oo

range of / = domain of /!

i

67. a. f(x)=x

y=(x+4)-,x2—4
Flx)=(x+4)7,x> -4

Verifying:f(f’l(x)) :f((x+4)%)
=((x+4)%)% _

=x+4-4=x
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Section 1.7: One-to-One Functions; Inverse Functions

M f@)=r" (x-%—4) f’l(f(x)):f’1(3x5—2)
([ =)o) ) -2
:(x%)_:x,sincexzo :W:{/E:x

b. domain of / =range of f ' = {x|x 2 0}
range of /= domain of /' ={x\x2—4}

b. domain of f = range of /' = all real numbers

range of / = domain of /' = all real numbers

68. a. f(x)=x"+5 70. 2. f(x)=3x" +13
y:x?+5 y:5x3+13
= %+5 I
ch y nverse x=3»+13 Inverse
2 oyx—5
yr=x y3:x5—13

y:(x—S)»%,xZS

o 2 y=3x"-13
ST () =(x=5)°,x25

Fx) =% -13

vartin. (17 0) (-5 Vertiog: (1 0) - /(13

~——

=((x—5)-%)%+5 :
=x-5+5=x,sincex>5 =5(3x5—13) +13
S =1 4) = -13) 413 =3 =
=((x%+5)—5)? f_l(f(x))zf_1(5x3+l3)

2
3\3

=(x1) =x,since x >0

b. domain of / =range of /™' = {x|x 2 0}

_sl(3 a3
range of / = domain of /™' = {x| x> 5} —3(x +13) 13=4 =x

b. domain of f = range of /' = all real numbers

69. a. f (x):\/3 X =2 range of f = domain of /' = all real numbers
y=3x5—2
- 71. a. f)=3x-17+2
x=3»" -2 Inverse X )
y5:x3+2 y=3(x—l) +2
5 x=3(y-1)’+2 Inverse
y=x +2 X )
x=2=1(y-1)
f_l(x):\/5 X 42 ’
NIx=2)+1=y
Verifying:f(f—‘(x))=f(5x3+2) y=3Jx—2+1x>2
5 F X)) =3Vx-2+1,x>2
:3(5x3+2) 2
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Chapter 1: Graphs and Functions

Verifying: f(f_l(x)) = f(3\/xj+l)
= @Vx-2+1)- 1] +2

[
[(6Vi=2] +2
[

_ 1
=3
= 1OGx-2)]+2
=(x-2)+2=x
SH@) =1 (3= +2)
=3 (g( —1)2+2)—2+1

=35 (x-1)? +1=3(3)x-D+1

=(x—-1)+1=ux,sincex >1

={x|x21}
:{x|x22}

b. domain of f = range of /'
range of /' = domain of /!

72. a. f(x)=2vx+3-5
y=24x+3-5
x=2{y+3-5 Inverse

x+5=2y+3

2
x+5

=y+3
(2j g

fl(X)=(

Verifying:

f(f’l(x))=f[ xﬂz—s]

2
_5 x+5) _s
2
:2[x+5 _s
2

73.

74.

75.

76.

77.

M (f)

I
~

" (2vx+3-5)
(2vx+3-5)+5

s | -3

=

. domain of /' = range of /' =
range of /' = domain of /! = {x | x> —5}

a. Because the ordered pair (—1,0) is on the
graph, f(-1)=0.

b. Because the ordered pair (1,2) is on the graph,
f=2.

¢. Because the ordered pair (0,1) is on the graph,
rm=o.

d. Because the ordered pair (1,2) is on the graph,
@) =1.

a. Because the ordered pair (2,%) is on the

1
graph, f(2)= 3

b. Because the ordered pair (1,0) is on the graph,
f(=0.

c. Because the ordered pair (1,0) is on the graph,
fO=1.

d. Because the ordered pair (0,—1) is on the
graph, f~'(-1)=0.

Since f(7)=13,wehave f~'(13)=7; the input

of the function is the output of the inverse when the
output of the function is the input of the inverse.

Since g(-5)=3, wehave g~' (3)=-5; the input

of the function is the output of the inverse when the
output of the function is the input of the inverse.

Since the domain of a function is the range of the
inverse, and the range of the function is the domain

of the inverse, we get the following for f~'

Domain: [-2,00) Range: [5,)
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78.

79.

80.

81.

82.

83.

84.

Since the domain of a function is the range of the
inverse, and the range of the function is the domain

of the inverse, we get the following for '

Domain: [5,) Range: [0,0)

Since the domain of a function is the range of the
inverse, and the range of the function is the domain

of the inverse, we get the following for g_1 :

Domain: [0,) Range: (—,0]

Since the domain of a function is the range of the
inverse, and the range of the function is the domain

of the inverse, we get the following for g™
Domain: (0,8) Range: [0,15]

Since f'(x) is increasing on the interval (0,5), it is
one-to-one on the interval and has an inverse,
/7' (x). Inaddition, we can say that /™' (x) is

increasing on the interval [ 7(0),f (5)} .

Since f(x) is decreasing on the interval (0,5), it is
one-to-one on the interval and has an inverse,
/7'(x). Inaddition, we can say that /' (x) is
decreasing on the interval [ £(5), /(0)].

f(x)=mx+b, m=0
y=mx+b
x=my+b Inverse
x—b=my
1
=—(x-b
y=—(x=b)
1
) ==(x-b), m=0
m
f(x)zx/rz—xz, 0<x<r
y=r 52
xz«/rz—y2 Inverse
2= y?
J
y=r?—x?

S0 = -2,

Section 1.7: One-to-One Functions; Inverse Functions

85. If (a,b) is on the graph of £, then (b,a) is on the
graph of f~'. Since the graph of /™' lies in
quadrant I, both coordinates of (a,b) are positive,

which means that both coordinates of (b,a) are

positive. Thus, the graph of /™' must lie in
quadrant I.

86. If (a,b) is on the graph of £, then (b,a) is on the

graph of f'. Since the graph of flies in quadrant

II, @ must be negative and b must be positive.
Thus, (b,a) must be a point in quadrant IV, which

means the graph of /™' lies in quadrant IV.

87. Answers may vary. One possibility follows:
f(x)= | X |, x>0 is one-to-one.

Thus, f(x)=x,x>0
y=x,x20
M x)=x, x>0

88. Answers may vary. One possibility follows:
f(x)=x", x>0 is one-to-one.

Thus, f(x)=x* x>0
y=x4, x20
x:y4 Inverse
yz(‘/;, x>0

=%, x20

89. a. d =6.97r—90.39
d+90.39=6.97r
d+9039 _

6.97
Therefore, we would write
r(d) _ d +90.39
6.97

6.97r —90.39) +90.39

b. r(d(r))z(

6.97
_6.97r+90.39-90.39 6.97r
6.97 6.97

=r
d(r(d))= 6.97(%]—9039

=d +90.39-90.39
=d
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Chapter 1: Graphs and Functions

c. r(300)= w ~56.01

If the distance required to stop was 300 feet,
the speed of the car was roughly 56 miles per
hour.

90. a. H(C)=2.15C—10.53
H=2.15C-10.53
H+10.53=2.15C
H +10.53 _C
2.15

H +10.53
C(H)="71

b. H(C(H))zZ.lS[%IOS'%j—IO.SZ’
= H +10.53-10.53
=H
2.15C-10.53)+10.53

C(H(C))z( 215

_2.15C-10.53+10.53

2.15
_ 2.15C —C
2.15

. C(26)= 26;—11(;53 ~16.99

The head circumference of a child who is 26
inches tall is about 17 inches.

91. a. 6 feet="72 inches
W (72)=50+2.3(72-60)
=50+2.3(12)=50+27.6=77.6
The ideal weight of a 6-foot male is 77.6
kilograms.
b. W =50+23(h-60)
W —-50=2.3h-138
W +88=2.3h
W +88

2.3
Therefore, we would write

W +88
h(w)= 23

=h

92.

93.

(50+2.3(h—60))+88
h( ay) - 22200
_50+2.3h-138+88 23h _
2.3 2.3

w (h(w)) =50+ 23 58 60
23
=50+ +88—138 =V

n(80)=20F88 168 5304
2.3 23
The height of a male who is at his ideal weight

of 80 kg is roughly 73 inches.

h

F:2C+32
5

F—32=2C
5

5
—(F-32)=C
>(F-32)

Therefore, we would write

c(F)zg(F_az)

C(F(C)) =§[@C+3zj—32j

=2.2c=C
95

F(C(F)):%(g(F—32)j+32

=F-32432=F
5 5 .
C(70)=5(70-32) =(38) = 21.1°C

From the restriction given in the problem
statement, the domain is
{g138,700 < g <82,500} or [38700,82500] .

7(38,700) = 4453.50+0.22(38,700 - 38,700)
=4453.50

T(82, 500) =4453.50+0.22 (82, 500-38, 700)
=14,089.50

Since T 'is linear and increasing, we have that

the range is {7 |4453.50 <T <14,089.50} or

[4453.50,14089.50] .
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94.

95.

T = 4453.50+0.22(g —38,700)
T —4453.50 = 0.22(g —38,700)

T-445350 _ 50 700
0.22

T —4453.50

0.22
Therefore, we would write
T —4453.50

g(r) =T

Domain: {7 |4453.50 <T <14,089.50}
Range: {g 38,700 < g <82,500}

+38,700 = g

+38,700

From the restriction given in the problem
statement, the domain is

{£119,050 < g < 77,400} or [19050,77400] .

T(19,050) = 1905 +0.12(19,050 ~19,050)
=1905
T(77,400) = 1905 +0.12(77,400 - 19,050)

=8907
Since T 'is linear and increasing, we have that
the range is {T [1905<T < 8907} or

[1905,8907].

T =1905+0.12(g ~19,050)
T-1905=0.12(g —19,050)
T-1905

0.12
T-1905

= g—19,050

+19,050=g

_ T-1905

We would write g(T)= +19,050.

Domain: {T'[1905< 7T <8907}
Range: {g]19,050 < g < 77,400}

The graph of H is symmetric about the y-axis.
Since ¢ represents the number of seconds after
the rock begins to fall, we know that £ >0 . The
graph is strictly decreasing over its domain, so it
is one-to-one.

117

Section 1.7: One-to-One Functions; Inverse Functions

96.

H =100-4.9¢
H+4.9¢ =100
491> =100- H
, 100-H
t° =
49
100— H
49

Therefore, we would write 7(H ) =, /IOZ;H .

(Note: we only need the principal square root
since we know ¢>0)

=

H(t(H)):100_4'9[ IOO_HT

4.9
IOO—HJ

:100—4.9(

=100-100+H
=H

\/100—(100—4.9#)
4.9

2
_ 49 _J7

49

t(80) = /103;80 ~2.02

It will take the rock about 2.02 seconds to fall
80 meters.

/ /
T(l)—ZTC E

t((H(t))=

(since ¢ > 0)

, I'>0

3

[(3)=322:| —| =734
() (2)

A pendulum whose period is 3 seconds will be
about 7.34 feet long.
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Chapter 1: Graphs and Functions

97. f(x)= ax+b oo ax+b
cx+d cx+d
Interchange x and y, and then solve for y:
O +b
cy+d

x(cy+d)=ay+b
cxy+dx=ay+b

cxy—ay =b—dx
y(ex—a)=b—dx
_b—dx
ox—a
Soffl(x) _ —dx+b
cx—a
Now,
f=r"=

ax+b —dx+b

cx+d  cx—a
(ax+b)(cx—a):(—dx+b)(cx+d)
acx® —ax +bex —ab = —cdx* —d* x + bex + bd
acx® —(a2 +bc)x—ab = —cdx* +(—a’2 +bc)x+bd
So ac = —cd;—a* +bc = —d* +bc;—ab = bd, which

means a =—d.

98. h(x)=f(g(x)).
y=/(gx)
Interchange x and y, and then solve for y:

x=f(g(»)
=g =eg'(f'x)=y

So, i (x) =g (/' (%)

99. a.The domain of f is (—w0,0). From y =2x+3,
x<0,theny <3, From y=3x+4,
x>0, then y > 4. The range of f is
(—0,3)U[4,).
b. Consider the piece
f(x)=2x+3,x<0=y=2x+3,x<0
Interchange x and y:
x=2y+3,y<0<> Note:Ify <0 then x <3 so

x—3:2y,x<3:>xT_3=y,x<3

f"(x)=x;3,x<3

100.

101.

102.

103.

Now consider the piece

f(x)=3x+4,x>20= y=3x+4,x>0.
Interchange x and y:
x=3y+4,y>20< Note:If y >0, thenx > 4 so

x—4:3y,x24:>xT_4:y,x24

=z

Putting the pieces together we have
al ; 3 ,x<3

)=
x—4
—.,x24

¢. The domain of /™" is (—0,3)U[4,0), the
range of f.
The range is f~' is (—90,%), the domain of f.

Yes. In order for a one-to-one function and its
inverse to be equal, its graph must be symmetric
about the line y = x. One such example is the

function f(x) = l
x

Answers will vary.

Answers will vary. One example is

if x<0

1
f(x)=9x

if x>0

This function is one-to-one since the graph passes
the Horizontal Line Test. However, the function is
neither increasing nor decreasing on its domain.

No, not every odd function is one-to-one. For
example, f(x)=x’—x is an odd function, but it is
not one-to-one.

Copyright © 2020 Pearson Education, Inc.

Trigonometry 11th edition Sullivan Solutions Manual


https://testbank.online/books/9780135181133-solutions

104. C'(800,000) represents the number of cars
manufactured for $800,000.

105. If a horizontal line passes through two points on
a graph of a function, then the y value associated
with that horizontal line will be assigned to two
different x values which violates the definition of
one-to-one.

106. Answers may vary.

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

a. d(R.B)=\(4-0) +(2-0)
=V16+4 =20 =25

b. The coordinates of the midpoint are:

X +tX Vit
X, =T
(x,») [ 2 2 J

e e
2. B=(1,-1) and P, =(-2.3)
a d(R.R)=\(-2-1)+(3-(-1))
=J9+16=~/25=5

b. The coordinates of the midpoint are:

(x y):(xl—i—xZ y1+y2j

2 2

=(1+(2—2)’_12+3J

e

3. B=(4,-4)and P, =(4,8)

a. d(B.B)=(4-4) +(8-(-4))
=\0+144 =144 =12

b. The coordinates of the midpoint are:

X t+tX Nt
X, =l T T
(x,») [ 2 2 J

{5438 g

Chapter 1 Review Exercises

1 S
-5 Ik 5%

5. x-intercepts: —4, 0, 2 ; y-intercepts: —2, 0, 2
Intercepts: (-4, 0), (0, 0), (2,0), (0,-2), (0, 2)

6. 2x=3)°
x-intercepts: y-intercepts:
2x =3(0)° 2(0) = 3y?
2x=0 0=y’
x=0 y=0

The only intercept is (0, 0).

Test x-axis symmetry: Let y =—y
2x=3(-y)’

2x=3 y2 same

Test y-axis symmetry: Let x =—x
2(-x) =3y?
—2x =3y different
Test origin symmetry: Let x=—x and y=—y.
2(-x) =3(-y)’
—2x=3y* different
Therefore, the graph will have x-axis symmetry.

7. x*+4y*=16
x-intercepts:
X2 +4(0)* =16

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

x* =16 4y’ =16
x=14 Y =4
y=12

The intercepts are (—4,0), (4,0), (0,-2), and
(0,2).
Test x-axis symmetry: Let y=—y
X +4(-y)’ =16
x* +4y*=16 same
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Chapter 1: Graphs and Functions
Test y-axis symmetry: Let x = —x Test y-axis symmetry: Let x = —x
(—x)* +4y2=16 y=(=x)" =(=x)
x* +4)?=16 same y=—x"+x different

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

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

(—x)2+4(—y)2 =16 -y =( 3;) (=x)

—y=—x"+x

y=x’-x same

x? +4y2 =16 same

Therefore, the graph will have x-axis, y-axis, and

origin symmetry. Therefore, the graph will have origin symmetry.
8. y=x'+2x’+1 10, x> +x+y*+2y=0
x-intercepts: y-intercepts: x-intercepts: x* +x+(0)’ +2(0)=0
0=x*+2x*+1 ¥ =(0)*+2(0)*+1 X +x=0
0=(x2+1)(x2+1) =1 x(x+1)=0
) x=0,x=-1
x“+1=0
2= y-intercepts: (0)> +0+y> +2y =0
no real solutions Y +2y=0
The only intercept is (0, 1). y(y+2)=0
Test x-axis symmetry: Let y =—y y=0,y=-2
—y=x*+2x7 +1 The intercepts are (-1, 0), (0, 0), and (0,-2).
y=- Xt —2x% —1 different Test x-axis symmetry: Let y =—y
Test y-axis symmetry: Let x = —x 4 x+ (=)’ +2(-y)=0
y=(=x)t +2(=x) +1 X +x+y? —2y=0 different

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

y:x4+2x2 +1 same

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

x> —x+)y*+2y=0 different

-y= (—x)4 + 2(—x)2 +1 Test origin symmetry: Let x=—x and y=—y.

y=x" 25 11 (=) +(=0)+ (=) +2() =0
y=-xt-2x"-1 different

x? —x+y2 -2y =0 different

Therefore, the graph will have y-axis symmetry. The graph has none of the indicated symmetries.

9. y=x’-x 11. (x=h)?+(y-k)?* =r*
x-intercepts: y-intercepts: ( x— ( _2))2 + ( y— 3)2 =42
0=x’—x y=(0)3—0 2 2
+2) +(y-3) =16
0=x(x2—1) -0 (x+2)"+(y-3)
0=x(x+1)(x-1) 12. (x=h)’ +(y=k)* =72
¥=0x=-lx=l (=) +(r-(2)) =

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

—y=x—x 13. 2 +(y-1) =4
y:—x3+x different 2 2_»n2
x+(y-1)7 =2

Center: (0,1); Radius =2

120
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x-intercepts: x* +(O—l)2 =4
X’ +1=4
x* =3
x:i\/g
y-intercepts: 0% +(y —1)2 =4
(y-1*=4
y—1=12
y=1£2
y=3 or y=-1
The intercepts are (—\/g, O), (\/g, 0), (0,-1),
and (0,3).

14. X +y?—2x+4y—-4=0
x2—2x+y2+4y:4
(x* —2x+1)+ (3" +4y+4)=4+1+4
(x=1)" +(y+2)° =3
Center: (1,—2) Radius=3

y
5
i a TN X
=5 5
(1,-2)

x-intercepts: (x—l)2 +(O+2)2 =32
(x=1) +4=9
(x-1)" =5
X—lzi\/g
lei\/g

15.

Chapter 1 Review Exercises

y-intercepts: (0—1)2 +(y+2)2 =32
1+(y+2)2 =9
(y+2)2 =8
y+2:ix/§
y+2=422
y=-2+22
The intercepts are (l —\/g, O), (l + \/g, 0),

(0,—2—2«/5), and (0,—2+2J§).

3x?+3y* —6x+12y=0
x*+y? —2x+4y=0
x*=2x+y +4y=0
(x° —2x+1)+ (7 +4y+4)=1+4
2
(x=1)"+(y+2)" =(+5)

Center: (1,-2) Radius = NG

y
5_
Lt g g 111 X
=5 - 5
o
~ 1, -2)
_5_

x-intercepts: (x—l)2 +(0+2)2 = (JE)Z

y=-2%2
y=0 or y=-4
The intercepts are (0,0), (2,0), and (0,—4).
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Chapter 1: Graphs and Functions

16.

17.

18.

Find the distance between each pair of points.

d; g =\1-3) +(1-4) =4+9 =13
dye 2= (1 =044 =13
dyc =C2=3)7 +(-4) =25+1=26

Since AB = BC, triangle ABC is isosceles.

Endpoints of the diameter are (-3, 2) and (5,-6).

The center is at the midpoint of the diameter:
— 2+(-6
Center: ﬂ,ﬁ =(1,-2)
2 2
Radius: r=1/(1-(=3))> +(-2-2)
=+16+16
-4

Equation: (x—l)2 +(y+2)2 = (4\/5)2
3

(x=1 +(y+2)" =32
a. Domain {8, 16, 20, 24}
Range {$6.30, $12.32, $13.99}

b.  {(8,$6.30), (16,$13.99), (20,$12.32),
(24,813.99)}

Batteries, x Price, y
8 ——— $6.30
16

$12.32
20

3(2) 6

6
a. f(2):(2)2_1:H:§_2
_ 32 _ 6 _-6__
b. f(—2)_(_2)2_1_4_1_ 3 =2
= 3(=x) _ -3x
¢ S (-x)* -1 x*-1
_ [ 3x )_ 3x
d —f(x)= (xz—lj ey
gy =2
e. f(x=2) 2
_ -6 _ 3(x-2)
x*—dx+4-1 x*—4x+3
. fx)= 32x)  6x

Qx)? -1 4x* -1
22, f(x)=Vx* -4
a fQ) =N —4=VA—a=\0-0

b. f(-2)=y(-2)’~4=v4-4=\0=0
¢ fEx)=y(x)? -4 =4
d. —f(x)=—x" -4

e f(x-2)=y(x-2)"-4

O R - P ariia
d e
y
o T f. fQ2x)=@2x)} -4 =+4x* -4
(16, 13.99) =5 2"
getamy =42 -1) =20 -
10 (20, 12.32)
|
:\ ?’\6\3(0‘\) 2
10 20 «x 23. f(x) _ X ;4
X
19. This relation represents a function. 2_4 44 0
Domain = {-1, 2, 4}; Range = {0, 3}. a. f(Q2)= o :T:ZZO
20. This relation does not represent a function, since )
4 is paired with two different values. _ (-2) -4 _4-4 0
b. f(-2)=~—~5—=——=,=0
3 (_2) 4 4
X
21. f(x):xz_l . f(_x)_(_x)2_4_x2_4
: (_x)z 2

122
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24.

25.

26.

27.

28.

_(x=2 -4 _x’-4x+4-4

e. f(x-=2)

_ x2—4x :x(x—4)
(x-2)*  (x-2)

(2x)° -4 4x* -4

f. f(2x)=

(2x)* 4x*
2
4(x* -1) 2o
4x? x?
X
(x)=
S x2-9
The denominator cannot be zero:
x*=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 (—00,2]
_Ix]
g(x)

x

The denominator cannot be zero:
x#0
Domain: {x| X # 0}
X
f@)= x> +2x-3
The denominator cannot be zero:
x*+2x-3#0
(x+3)(x—1) =0
x#-3orl

Domain:{x|x #-3, x# 1}

Vx+1

x* —4

fx) =

(x-2)° (x-2)°

29.

30.

31.

Chapter 1 Review Exercises

The denominator cannot be zero:
x*—4%0

(x+2)(x-2)#0

x#-2or2

Also, the radicand must be non-negative:
x+120

x=>-1
Domain: [-1,2)U(2,)

X

f(x):\/m

The radicand must be non-negative and not zero:
x+8>0

x> -8
Domain: {x| x> —8}

f(x)=-2x" +x+1
f(x+h)—f(x)
h
—2(x+h)2+(x+h)+1—(—2x2+x+l)
h
—2<x2+2xh+h2)+x+h+1+2x2—x—l
h
“2x% —4xh-2h* +x+h+1+2x> —x—1
h
—4xh—2h* +h  h(—4x—2h+1)
h - 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}
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Chapter 1: Graphs and Functions

32.

To graph y = f(x—3) , shift the graph of f
horizontally 3 units to the right.

¥
[}

rTT 1T

y=f(x=3)

o/
||||||_|(3|”0)||| X

N ?({1) °

-1, —3)/

-6

To graph y = f (%xj , stretch the graph of

fhorizontally by a factor of 2.

YA
6_
- (6,3)
||||||||||_ L g
-8 (0, 0) 6
(_45_1) —
(_8!_3) —
-6

To graph y =—f'(x) , reflect the graph of f

vertically about the y-axis.

y
or
(-4, 3) - y=-0)
|(_|2’|IR| g X
—6 (0, 0) ™
B 3,-3)
o

Domain: (—o0,4]

Range: (—,3]

Increasing: (—oo, —2) and (2,4);
Decreasing: (-2,2)

Local minimum is —1 at x=2;
Local maximum is 1 at x =2

No absolute minimum,;
Absolute maximum is 3 at x=4

The graph has no symmetry.

33.

f.  The function is neither.
g. x-intercepts: -3,0,3;
y-intercept: 0
f(x)=x"—4x
f(=x)=(-x)* —4(-x) = —x° +4x
= —(x3 —4x) =—f(x)

f is odd.
4+ x*
34, g(x)=
& 1+x*
4+(-x)"  4+x
—X)= = =g(x
£(=) 1+(-x)*  1+x* £(x)
g iseven.
35. G(x)=1-x+x

G(-x) =1-(-x)+(-x)’
=1l+x-x" #-G(x) or G(x)
G is neither even nor odd.

36. ==
J@=12
- _T* __
f(_x)_1+(—x)2 e W
f is odd.
37. f(x)=2x"—5x+1 on the interval (-3,3)

Use MAXIMUM and MINIMUM on the graph

of y, =2x° —5x+1.
20

20
3 /"* ’\[ / 33 / qx/ 3
Haxiraum ' Hiniriur
W=-81zB716 I'r=4.04280Z21 WEB1zATOEE IY=-Z.04ZE0Z
20 20
local maximum: 4.04 when x ~ —0.91
local minimum: -2.04 when x =0.91

fis increasing on: [-3,-0.91] and [0.91,3];
fis decreasing on: [-0.91,0.91] .
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38. f(x)=2x*-5x’+2x+1 on the interval (-2,3)
Use MAXIMUM and MINIMUM on the graph

of y, =2x* =5x" +2x+1.

20 20
-2 —|3 2
Hinirau e Haxirur
W=mZ2E2hll Y= ENFIERDR W= h1ze0zAE Y=1.5x19641
-10 -10
20
-2 \— / 3
__ T
Hinirum
W=1.7EFEEF1 Y= -r EE4BEE
-10

local maximum: 1.53 when x =0.41

local minima: 0.54 when x =—-0.34, —3.56 when

x=1.80
fis increasing on: [—0.34, 0.41] and [1.80, 3] ;

fis decreasing on: [-2,-0.34] and [0.41,1.80].

39. f(x)=8x*—x
S -f() 82 —2-[81)° 1]
2-1 1
=32-2-(7)=23

SA-/0) _ 8(1)> —1-[8(0)* = 0]
1-0 1
=8-1-(0)=7

S@)-f(2) _8(4)° -4-[8(2)*-2]
4-2 2

_128-4-(30) 94

e

a.

b.

C.

47

40. f(x)=2-5x
@)~ _[2-503)]-[2-5(2)]

3-2 3-2
(2-15)-(2-10)
— =
= —13-(-8)=-5

41.

42.

43.

44.

45.

Chapter 1 Review Exercises

(x) =3x—4x*

) -1 _ [3(3)—4(3)2}—[3(2)—4(2)2}
3-2 3

2
(9-36)—(6-16)
1

=27+410=-17

The graph does not pass the Vertical Line Test
and is therefore not a function.

The graph passes the Vertical Line Test and is
therefore a function.

f(x)=|
YA
5_
=2, 2) A
Ll NA 111 &
-5 0,0
[
fx)=x
.l"ll.'
:‘1_
[ (1.1)
- (4.2)
I N T .
-5 (0.0 5
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46. F(x) :| x|—4. Using the graph of y :| X
vertically shift the graph downward 4 units.

YA
5

B

Intercepts: (—4,0), (4,0), (0,—4)
Domain: {x| x is any real number}

Range: {y|y=-4} or [-4,)

47. g(x)= —2| x | . Reflect the graph of y = | x|

about the x-axis and vertically stretch the graph

by a factor of 2.
YA
002_
|||(|’|)_| L1l gt
-5 5
20 L e
_8

Intercepts: (0, 0)
Domain: {x| X is any real number}

Range: {y| y< O} or (—,0]

48. h(x)=~/x—1. Using the graph of y=+/x ,

horizontally shift the graph to the right 1 unit.

YA
5_
B (5.2)
_V
||__|||||||;x
-2 (1,0 8
SF

Intercept: (1, 0)
Domain: {x| x> 1} or [1,0)

Range: {y| y = O} or [0, »0)

49. f(x)=+1-x=4—(x—1). Reflect the graph of

y= Jx about the y-axis and horizontally shift

the graph to the right 1 unit.
YA
5

(=3.2)

|||||\_||||g

-5
Intercepts: (1, 0), (0, 1)
Domain: {x|x£1} or (—oo, 1]

Range: {y| y= 0} or [0, )

h(x) = (x—1)* +2 . Using the graph of y=x",
horizontally shift the graph to the right 1 unit and
vertically shift the graph up 2 units.

Y
©.3)

I |
-5

-5
Intercepts: (0, 3)
Domain: {x| X is any real number}

Range: {y| y= 2} or [2,)

g(x)=—-2(x+2)’ -8
Using the graph of y = X, horizontally shift the

graph to the left 2 units, vertically stretch the
graph by a factor of 2, reflect about the x-axis,
and vertically shift the graph down 8 units.
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Intercepts: (0,-24), (—2 - \3/1, 0) ~ (—3.6, 0)
Domain: {x| x is any real number}

Range: { y| y is any real nurnber}

52 f(x)= 3x if —2<x<1
R P ifx>1

a. Domain: { x| x>-2 } or (-2, )

b. Intercept: (0,0)

c¢. Graph:

2.3)

I T Y T T T
-5 5

(=2.-06)
d. Range: {y|y>-6} or (-6,)
X if —4<x<0

53. f(x)=11 ifx=0
3x  ifx>0

a. Domain: {x| x2—4} or [-4, )

54.

55.

56.

Chapter 1 Review Exercises

b. Intercept: (0, 1)

c¢. Graph:
y
5
(1,3)
0,1
|||(|’|) [
-5
- 5

d. Range: {y|y2—4, y;tO}

Ax+5
f(X)—6x_2
A)+5 _4
6(1)—2

A+5
4
A+5=16
A=11

andf(1)=4

=4

a. The function is one-to-one because there are
no two distinct inputs that correspond to the
same output.

b. The inverse is {(2,1),(5,3),(8,5).(10,6)}.

The function f'is one-to-one because every
horizontal line intersects the graph at exactly one
point.

y y=x,
/
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57. f(x)=5x-10;g(x) =%x+2

58.

59.

Lﬂg@D=1{%X+2j

=5(%x+2j—10=x+10—10=x

g(f(x)) = g(5x~-10)

zé(Sx—10)+2=x—2+2=x

Thus, fand g are inverses of each other.

4

- X

F0=""2 60 =
X 1

f@@»=f&i€
—X
4

x4 4-a0-x)

:ﬂ:x,x;to
4

Thus, fand g are inverses of each other.

2x+3
5x=2

_ 2x+3
5x=2
2y+3
5y-2
x(5y-2)=2y+3
Sxy—-2x=2y+3

Jf(x) =

Inverse

Sxy—2y=2x+3
y(5x—=2)=2x+3
2x+3
5x-2
2x+3
5x-2

Domain of f = Range of [~
= All real numbers except %
Range of / = Domain of /'

= All real numbers except %

X
1
Y
1
x=——Inverse
y—1
x(y=1)=
xXy—x=
xy=x+1
_x+1
T ox
=2t

Domain of / =Range of /'
= All real numbers except 1
Range of ' = Domain of f_1
= All real numbers except 0
61. f(x)=Jx-2
y=+x-2
x=4y—-2 Inverse
x? = y-2 x20
y=x’*+2 x>0
) =x*+2 x>0
Domain of f=Rangeof /™' ={x|x22} or [2,0)
Range of f = Domain of /™' ={x|x20} or [0,)

62. f(x)=x"+1
y= X +1
X = y”3 +1 Inverse
Y3 —x1
y=(-1
@)= =1
Domain of f = Range of [~

= All real numbers or (—o0,)
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Chapter 1 Test

Range of f = Domain of f_1 X2 +0=9 (())2 +y=9
= All real numbers or (—o0,) 2 =9 y=9
x=13

Chapter 1 Test

1. d(B,P)=(5-(-1) +(-1-3)’

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

x> —y =9 different

- 62 +(_4)2 Test y-axis symmetry: Let x =—x
2
- =9
=36+16 ( x)2+y_
NN X" +y=9 same

2. The coordinates of the midpoint are:

(x y):[xl+x2 y1+y2j

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

() +(-3)=9

x> —y=9 different

2 2 Therefore, the graph will have y-axis symmetry.
(=145 3+(=]
‘( 27 2 j 6. (x=h)’+(y=k)* =/’
-(3.3) (=4)" +(r=(3) =5
=(2,1) (x—4)2+(y+3)2:25
General form: (x—4)2 +(y+3)2 =25
3. y= x> -9

|
o
TIT T TTTTT

(0. -9)

x* —8x+16+y* +6y+9=25
x2+y2—8x+6y=0

x*+y P +4x-2y—-4=0
X’ +4x+y -2y=4

(X +4x+4)+(* =2y +1)=4+4+1
(x+2)* +(y-1)*=3*

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

Y
4. y*=x 5k
y L
S5F 2,1
:(11W2 S&TI/;IHH
L (1, yo=x - 5%
P B
(0, DN 10 * B
— 7\ -5+
e
T 8. a. {(2,5).(46),(6,7).(8.8)}
5 This relation is a function because there are
5. x*+y=9

x-intercepts: y-intercept:

no ordered pairs that have the same first
element and different second elements.
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9.

10.

11.

Domain: {2,4,6,8}
Range: {5,6,7,8}

b {(13).(4-2).(3.5).(17)

This relation is not a function because there
are two ordered pairs that have the same
first element but different second elements.

¢. This relation is not a function because the

graph fails the vertical line test.

d. This relation is a function because it passes

the vertical line test.
Domain: {x| X is any real number}

Range: {y|y>2} or [2,)

f (x) =+4-5x
The function tells us to take the square root of
4 —5x . Only nonnegative numbers have real
square roots so we need 4—5x>0 .

4-5x20

4-5x-4>0-4
—5S5x>-4
Sr A
-5 -5

x < %} or (—oo, %}

f(-1)=4-5(-1)=V4+5=9 =3

TN

x <

Domain: {x

x+2
g

The function tells us to divide x+2 by |x+ 2| .

Division by 0 is undefined, so the denominator
can never equal 0. This means that x = -2.

Domain: {x|x# -2}

(-)+2 1
g(- ):|(—1)+2|:ﬂ:

x—4
h(x)=—""—"—
( ) x* +5x-36
The function tells us to divide x—4 by
x* +5x—36. Since division by 0 is not defined,
we need to exclude any values which make the
denominator 0.

X +5x-36=0
(x+9)(x—4):O
x=-9 or x=4
Domain: {x|x#-9,x # 4}

(note: there is a common factor of x—4 but we
must determine the domain prior to simplifying)

I ) et - N |
"= (-1) +5(-1)-36 —40 8

12. a. To find the domain, note that all the points
on the graph will have an x-coordinate
between —5 and 5, inclusive. To find the
range, note that all the points on the graph
will have a y-coordinate between —3 and 3,
inclusive.

Domain: {x |-5<x< 5} or [—5, 5]

Range: {y |-3<y< 3} or [—3, 3]

b. The intercepts are (0,2), (-2,0), and (2,0).
x-intercepts: -2, 2
y-intercept: 2

c. /(1) is the value of the function when

x=1. According to the graph, f(1)=3.

d. Since (-5,-3) and (3,-3) are the only
points on the graph for which
y=f(x)=-3,wehave f(x)=-3 when

x=-5and x=3.

e. Tosolve f(x)<0,wewant to find x-

values such that the graph is below the x-
axis. The graph is below the x-axis for
values in the domain that are less than —2
and greater than 2. Therefore, the solution
setis {x|-5<x<-2 or 2<x<5}.In
interval notation we would write the
solution set as [-5,-2)U(2,5].

13, f(x)=-x'+2x" +4x" -2
We set Xmin = —5 and Xmax = 5. The standard

Ymin and Ymax will not be good enough to see the
whole picture so some adjustment must be made.

Flotl Flatz Flakz THOOL
SWMAB R ZR I3 | Bmin= oS
z—2 HMax=o
w = mecl=1
M= Ymin=-1A
wWMy= “Wmax=26
wNo= Weol=2
M E= Ares=1
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AL/

Ill,un_
Haaxiraur Hiniraura 1
W= -.BE0FPAE? |Y=-.BA0ZEZD n=n Y=z

__

W=E ZEOFERE 1V=1E.E47PEE

We see that the graph has a local maximum of
—0.86 (rounded to two places) when x =—0.85
and another local maximum of 15.55 when

x =2.35. There is a local minimum of —2 when
x =0. Thus, we have

Local maxima: f(-0.85)~ -0.86
/(235)~15.55
Local minima: f(0)=-2

The function is increasing on the intervals
(—5,—0.85) and (0,2.35) and decreasing on the

intervals (—0.85,0) and (2.35,5).

2x+1 x<-1

=

To graph the function, we graph each
“piece”. First we graph the line y =2x+1

but only keep the part for which x <—1.
Then we plot the line y = x—4 but only

keep the part for which x> —1.
y

3F y=x—4x=-1

7

_7_
y=2x+ 1Lx< -1

b. To find the intercepts, notice that the only
piece that hits either axisis y =x—4.

y=x-4 y=x-4
y=0-4 0=x-4
y=—4 4=x

The intercepts are (0,—4) and (4,0).

Chapter 1 Test

c¢. To find g(-5) we first note that x =5 so

we must use the first “piece” because —5 < —1.
g(-5)=2(-5)+1=-10+1=-9

d. To find g(2) we first note that x =2 so we

must use the second “piece” because 2> —1.
g(2)=2-4=-2

15. The average rate of change from 3 to 4 is given by

Ay _f(4)-7(3)

Ax 43
) (3(4)2 —2(4)+4)—(3(3)2 —2(3)+4)
4-3
e,

3

16. a. The basic functionis y =x~ so we start with

the graph of this function.

Next we shift this graph 1 unit to the left to
obtain the graph of y =(x+ 1)3 .

¥ y:(x+l)3

Next we reflect this graph about the x-axis
to obtain the graph of y = —(x+ 1)3 )

Next we stretch this graph vertically by a
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factor of 2 to obtain the graph of y = -2(x+ 1)3 . the graph of y =[x +4[+2.
y y:‘x+4‘+2

2
The last step is to shift this graph up 3 units 17. f(x)= 3x_5
to obtain the graph of y =-2(x+ 1)3 +3. )
T
2
x=——Inverse
3y-5
x(By-5)=2
3xy—-5x=2
3xy=5x+2
S5x+2
7= 3x
_ 3
y= 2(x+1) +3 » 5y 42
, o /)=
b. The basic function is y = |x| so we start 3x
with the graph of this function. Domain of f = Range of /'
— 5
= {x | x # 3} .
Range of / = Domain of /'
= {x | x # O}

18. Ifthe point (3,—5) is on the graph of £, then the
point (=5, 3) must be on the graph of .
Next we shift this graph 4 units to the left to
obtain the graph of y = |x + 4| .

y y:‘x+4‘

Chapter 1 Projects

Project I — Internet-based Project — Answers will
vary

Next we shift this graph up 2 units to obtain
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Project I1

1. Silver: C(x)=20+0.16(x—200)=0.16x 12
20 0<x<200

Clx)=
0.16x—-12  x>200

Gold: C(x)=50+0.08(x~1000) = 0.08x —30
50.00  0<x<1000

Cx) =
0.08x—30 x>1000

Platinum: C(x) =100+ 0.04(x—3000)
=0.04x-20
C(x) = [100.00 0< x <3000
{0.04x— 20 x>3000

C(x)

Silver
- 3007 Gold
e i
= 200
? ) Platinum
& 100
U -
0 " " "j000 2000 3000 4000 x
K-Bytes
3. Lety=#K-bytes of service over the plan
minimum.
Silver: 20+0.16y <50
0.16y <30
y <1875

Silver is the best up to 187.5+ 200 =387.5
K-bytes of service.
Gold: 50+0.08y <100
0.08y <50
y <625
Gold is the best from 387.5 K-bytes to
625+1000=1625 K-bytes of service.

Platinum: Platinum will be the best if more than
1625 K-bytes is needed.

4. Answers will vary.

Chapter 1 Projects

Project 111

1.

t

Driveway
2 miles

Cable box
< 5.miles >

Possible route 2

Possible route 1

Highway
House
b
", $140/mile
M L=yJ41(Gx)
2 miles \"\\
b
.
b
\",
. . Cable box
[

5 miles $100/mile

C(x) =100x +140L
C(x) = 100x +1404/4 + (5 - x)?

X C(x)

0 | 100(0)+140/4 +25 ~ $753.92
1 [100(1)+140v4+16 ~ $726.10
2| 100(2)+140v4+9 ~$704.78
3 [100(3)+140v4+4 ~ $695.98
4 1100(4)+140v4+1~$713.05
5| 100(5)+1403/4 +0 = $780.00

The choice where the cable goes 3 miles down
the road then cutting up to the house seems to
yield the lowest cost.

Since all of the costs are less than $800, there

would be a profit made with any of the plans.
C(x) dollars

800

600

0 5 xmiles

Using the MINIMUM function on a graphing
calculator, the minimum occurs at x ~ 2.96 .

C(x) dollars
Hinirura
i

800
600 : =:HEBFEEE Y=GHE.OSOLA

5 xmiles

The minimum cost occurs when the cable runs
for 2.96 mile along the road.
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6. C(4.5)=100(4.5) + 140\/4 + (5—4.5)
~$738.62

The cost for the Steven’s cable would be
$738.62.

7. 5000(738.62) = $3,693,100 State legislated
5000(695.96) = $3,479,800 cheapest cost
It will cost the company $213,300 more.

Project IV

1. A=’

2. r=22t

3. r=22(2)=441t
r=22(25)=55ft

4. A=rn(44)7° =60.82 ft>
A=7r(5.5) =95.03 ft

5. A=n(22t)" =4.84xt*

6. A=4847(2)" =60.82 ft*
A=4847(2.5)* =95.03 ft*

A(2.5)- A(2) _ 95.03—60.82
25-2 0.5

=68.42 ft/hr

A(3.5)— A(3) _186.27-136.85
35-3 0.5

=98.84 ft/hr

9. The average rate of change is increasing.
10. 150 yds =450 ft
r=2.2¢

t= ﬂ =204.5 hours
22

11. 6 miles = 31680 ft
Therefore, we need a radius of 15,840 ft.
‘e 15,840

=7200 hours
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