Chapter 1
Graphs

Section 1.1 () Quadrant IV
Vi
1.0 6~ D=5
— )
2. [5-(-3)|=[¢|=38 A= L
. —
L B=(6,0)
3. V32+42 =25=5 ?6|_|_|_|_|_|__|_|_|_|_|_‘|6,_,x
4. 112 +602 =121+3600 = 3721 = 61° C=2Me [ R
Since the sum of the squares of two of the sides =0, F=(6,-3)
of the triangle equals the square of the third side, C
the triangle is a right triangle. -6
5 Lpn 16. (a) Quadrant |
"2 (b) Quadrant Il
(¢) Quadrant Il
6. true (d) Quadrant |
7. x-coordinate or abscissa; y-coordinate or (fe) y-axis
ordinate (f) x-axis
YA
8. quadrants C=(3.9 5[ A=(1,49
] — @
9. midpoint - E=(01)
.y -y Fea0 7 pee
10. False; the distance between two points is never N S O O .
negative. -5 = 5
11. False; points that lie in Quadrant IV will have a B =(3,-4) B
positive x-coordinate and a negative y-coordinate. . i
The point (-1,4) lies in Quadrant II. -
Y 4 x + 17. The points will be on a vertical line that is two
12. True; M =(%y1—2y2j units to the right of the y-axis.
Yh
13. b T e
14. a B (2,1)
L (2.0
15. (a) Quadrant 1l T T [
(b) x-axis -5 N 10 _1)5
(c) Quadrant I -
(d) Quadrant | R
(e) y-axis sl

1
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Chapter 1: Graphs

18. The points will be on a horizontal line that is
three units above the x-axis.

Y

5_
(32,3 1.3 5,3
~— 90>

(0,3)
|||||_|||||,{C

-5 | 5
5L

19. d(P,P,)=+/(2-0)2+(1-0)?
=22 +12 =J4+1=15

20. d(P,P,) =+/(-2-0) +(1-0)?

=J(-2?+12 =\a+1=+5

21, d(R,P) =(2- (1)) + (2-1)

=V32+12 =\9+1=110

22. d(P,Py) =+/(-2-1) +(2-1)>

=y(-3) +1* =\/9+1=+10

23. d(R,P) =637 +(4—(~4))

=22 +(8)° =/4+64 =+/68 = 2J17

24, d(RLPy) = (2-(-1)) +(4-0)
=J(3) +4* =916 =25 =5

25. d(R,P) =\(4-2)" +(2-(-3))’

=22 452 =4+ 25=/29

26. d(R,Py) =(6—(-3))* +(0-2)?

=92 +(-2)? =\BL+4 =185

27. d(R,P,) =(6-(-4))* +(2-(-3))°
=+10? +52 =100+ 25

=125 =55

28.

29.

30.

31.

d(R,Py) =/ (6-4) + (4-(-3))°

=N22+7% =J4+49 =53

d(P.P,) =/(0-2)* +(0-a)?
=(-a)* +(-a)*
—Va?+a? =23 =|a|\2

d(R,P,) =+/(0-2)° +(0-b)*

= J(-a)? +(-b)? =+a? +?

A=(-2,5), B=(13), C=(-10)
d(A,B) = (1~ (-2))* + (3-5)°
=3 +(-2)* =/9+4 =13
d(B,C) =(-1-1)° + (0-3)?
d(A,C) = /(-1-(-2))? + (0-5)°
= I’ +(-5)* =1+25 = /26

Yi

?B=(1,3)

C=(-1,0 -
(II) IIIII.;x

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

[d(AB)] +[d(B,C)] =[d(AC)
(i3 +(i3) = (Va8
13+13=26
26=26
The area of a triangle is A=%-bh. In this

problem,
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A:%.[d(A,B)]-[d(B,C)]
:%.@-Jﬁz%m

= % square units

32. A=(-2,5), B=(123), C=(10,~11)
d(A B) = /(12— (-2))* + (3-5)?
=196+ 4 = /200
~10v2

d(B,C) = /(10-12)° + (-11-3)?
=(=2)% +(~14)?
=/4+196 = /200
=102

d(A,C) =(10 (-2))* + (-11-5)?

=122 + (~16)?
=144 + 256 = /400

=20
YA
A:(—2,5)T6: B=(12,3)
-6 N 14
- C=(0,-11
_1al (10, -11)

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

[d(AB)]* +[d(B,C)] =[d(AC)[
(10v2) +(10V2)" = (207
200+ 200 = 400
400 =400
The area of atriangle is A= %bh . In this

33.

Section 1.1: The Distance and Midpoint Formulas

problem,
1
A:?[d(A, B)]-[d(B,C)]

_Liovz10v2

N

==-100-2 =100 square units

N

A=(-6,3), B=(3,-5), C=(-15)
d(AB) = /(3 (-6))" +(-5-3)°
= /9 +(-8)" =VBL+64
— J145
d(B,C) = (-1-3)* + (- (-5))°

= J(-4)? +10% =16 +100
=116 = 24/29

d(AC) = (-1~ (-6))* + (5-3)°

=52 +22 =\/25+4
=29

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

[d(A,C)" +[d(B,C)] =[d(AB)]’
(V28] + (2420 (<555
29+ 4.29 =145

29+116 =145
145 =145

The area of a triangle is A= %bh . In this
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Chapter 1: Graphs

problem,
A:%-[d(A,C)]-[d(B,C)]

=%-@-2@
1
_5.2.29
= 29 square units
34. A=(-5,3), B=(6,0), C=(5)5)

d(AB) = /(6 (-5))* +(0-3)?

=122 +(-3)? =121+ 9

=+/130

d(B,C) =4/(5-6)’ +(5-0)?
= JC)?+5? =14 25
%

d(AC) =(5-(-5)) +(5-3)
—V10% +22 =\100+4

=+/104
=226
YA
6 C:(S,S)
A=(-5,3)
Ll [ Y
-6 B =6, 0)

-6

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

[d(A.C)]* +[d(B,C)] =[d(A B)T
(i -
104+ 26 =130
130 =130

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

4

problem,
1
A:E-[d(A,C)]~[d(B,C)]

:%-\/104-\/%
:%-2\/%-\/%

1.2

N

= 26 square units

35 A=(4,-3), B=(4,1), C=(2,)

d(A B) =(4-2) +(1-(-3))?
=0% +42
_J0+16
=16
—4

d(B,C) = \/(2-4)" +(1-1)*
=J(-2)2+0% =\/4+0
i
—2

d(AC) = J2- 4 +(1-(-3))’
=J(-2)?+4% =/4+16
=20
=25

y

P,

T T T 17

C=@2,1)
B=@ 1

IIIIIII'(II}{C

=5 5

A=4,3)

-5

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:
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[d(AB)] +[d(B,C)] =[d(AC)T
42 402 = (2{)
16+4 =20
20 = 20

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

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

1
_5.4.2

= 4 square units

36. A=(4,-3), B=(0,-3), C=(4,2)

d(A,B) = /(0- 42 + (-3 (-3))’

=\(~4)? +0% =16+0

=41

S

4

d(B,C) =(4-0)* +(2-(-3)°
=4? +5% =16+ 25
Jai

d(A,C)=\/(4 4) +(2-(-3))?
02 +5% =/0+25

A=, -3)

|
N
I

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

Section 1.1: The Distance and Midpoint Formulas

[d(AB)] +[d(AC)] =[d(B,C)T
4? 452 =(Jﬁ)2
16+25=41
41=41
The area of a triangle is A= %bh . In this
problem,
=2 [d(AB)][d(AC)]

1
==.4.5
2

=10 square units

. The coordinates of the midpoint are:

2 2

_(3+5 —-4+4
L2 2

9

—(4,0)

(x y):(xﬁ'xz Y1+y2)

. The coordinates of the midpoint are:

2 2

(%)
( )

(X y):(xl+x2 y1+y2j

. The coordinates of the midpoint are:

(X, y) = (X1+X2 Y1+y2)

:(2+4 3+22)
3
=
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Chapter 1: Graphs

40. The coordinates of the midpoint are:

2 2
_(—3+6 2+0)

oy
&)

(x y):(xﬁfxz y1+y2j

i N

41. The coordinates of the midpoint are:

(XX Nty

(23
33
1=

42. The coordinates of the midpoint are:

_[XtX Nty
O

_(4+6 -3+1
L2 2

23

~(5,-1)

43. The coordinates of the midpoint are:

(X,y)Z(X1+X2, y1+y2]

2 2
_(a+0 a+0
L2 2

(33

44. The coordinates of the midpoint are:

_[XtX Nty
N

45,

46.

47.

48.

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

point would be (5,3).

The new x coordinate would be —-1-2 =-3and
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:

52 +b% =132

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 = ~5%)° +(, )’
— B2 +(-1-y)
= (5 (1)

13=4/y* +2y+26

2
132 =(\/y2+2y+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) area
distance of 13 units from the point (-2,-1).

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:
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49.

Section 1.1: The Distance and Midpoint Formulas

82 +h% =172 6=+x2—-8x+25
64 +b? = 289 2
* 62 :(\/x2—8x+25)
b? =225
b=15 36 = x> —8x+25

2

Thus the coordinates will have an x value of 0=x"-8x-11

1-15=-14 and 1+15=16. So the points are . ~(-8)+ /(—8)2 —4(1)(-12)

(-14,-6) and (16,-6). 20)
_8x+/64+44 8x4/108
- 2 2

b. Consider points of the form (x,—6) that are
a distance of 17 units from the point (1,2).

d :\/(x2 —x1)2 +(Y, —yl)2
= ()" +(2-(-6))
=X —2x+1+64
—x? —2x+65
17 =/x* —2x+65

172=(\/M)2

289 = x* —2x+65
0=x*-2x-224
0=(x+14)(x-16)

X+14=0 or x-16=0

=8i6x/§=413\/§

2
X=4+3J3 or x=4-33
Thus, the points (4+3J§,0) and (4—3\/5,0) are

on the x-axis and a distance of 6 units from the
point (4,-3).

50. 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).
a =06 -x)" +(y2 - )

=\(4-0)" +(-3-y)’

= \16+9+6y+y?

B e

x=-14 x=16
|2
Thus, the points (~14,-6) and (16,~6) are a 6=y +6y+25
2
distance of 13 units from the point (1,2). 6° = (Jy2 +6y+ 25)
Points on the x-axis have a y-coordinate of 0. Thus, 36=y? +6y+25
we consider points of the form (x,0) thatare a 0=y2+6y—11
distance of 6 units from the point (4,-3).
point (4.3) ,_ 026 —40C1D
2 2 -
d=\/(X2—X1) +(¥2 — 1) 2(1)
_ Ja—xf+(-3-0p _—6+/36+44 _—6++/80
2 2
= 16 -8x+ X% +(-3)° 6+
V16-8xc+ X7 +(-3) 645 540

=16-8x+ x> +9
=x* -8x+25

y=-3+2/56 or y=-3-25
Thus, the points (0, 3+ 2\/5) and (0, —3—2\/5)

7
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Chapter 1: Graphs

51

52.

53.

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

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

(2-35-4)=(-11)

b. To shift left 2 units and up 8 units, we
subtract 2 from the x-coordinate and add 8 to
the y-coordinate.

(2-2,5+8)=(0,13)

Let the coordinates of point B be (X, y). Using
the midpoint formula, we can write
(2,3) — ﬂ’SJr_y )
2 2
This leads to two equations we can solve.
—lrx_ 2 8+y _ 3
2 2
-1+x=4 8+y=6
X=5 y=-2
Point B has coordinates (5,-2) .

M :(X,y):(xlzxz,)ﬁ;bj'

P =(%,y:)=(-3,6) and (x,y)=(-14),s0

X, + X,
X=—7—=
-3+ X,
2
—2=-3+X,
1=x,

1=

Thus, P, =(1, 2).

54, M :(x,y):(

_ Nty
2
6+Y,
2
8=6+Y,

2=y,

4:

1 2 .

P, =(%,Y,)=(7,-2) and (x,y) =(5-4), so

55.

56.

_Xlzxz nd _)ﬁ;yz
%47 L %H(D)
2 2
10=x+7 -8=y,+(-2)
3=% 6=y

Thus, B =(3,-6).

The midpoint of ABis: D= (—

The midpointof ACis: E =

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

=y(=4)?+(-1)? =16+1=\17

d(B,E) =4/(2-6)" +(2-0)?
= a7 2 = Vi6+a
=20 =25
d(A F)=+/(2-0)% +(5-0)?
NN
=29
Let B =(0,0), P,=(0,4), P=(x,Y)
d(R, Py) = /(0-0)" +(4-0)"
=16 =4
d (R, P)=+/(x-0)2 +(y-0)?
— eyt =4
> x*+y?=16
d(Py, P)=+/(x=0)? +(y—4)’
=+ (y-2)? =4

— x> +(y-4)?=16
Therefore,
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57.

58.

Section 1.1: The Distance and Midpoint Formulas

2 _(y_a) same constant value.
y (y ) 2 2
y? =y?-8y+16 d(Pl’PZ):\/(XZ_Xl) +(¥2 - V1)
8y =16 —J(a=0) +(0-0)* =\/a? =a|
y:2 2 2
which gives d(PZ'PS):\/(XZ_Xl) +(Y2— Y1)
x> +22=16 2 2
a 3a
X2:12 = (E—aj +(T—O]
X =+2/3 2 2 2
Two triangles are possible. The third vertex is z\/a_+3i=\/4i=\/a72=|a|
4 4 4

(-2v3,2) or (243,2).

a? 3a’ [4a® >
I T
Since all three distances have the same constant
value, the triangle is an equilateral triangle.
Now find the midpoints:

Let P, =(0,0), P,=(0,s), P,=(s,0), and 0+a 0+0) (a
Py =Mgp, =| —— ——|=| 5.0
P, =(s,8). 2 2 2
y
a 3a
0, 5) ) R =Mgs =|2"5 0+~ :[3_3,@]
2 S 4" 4
2 2
a 3a
(S,O) P _M ~ 0+§ O+T ~ a \/§a
o X A v
The points B, and P, are endpoints of one

diagonal and the points P, and P, are the

endpoints of the other diagonal. 2 2
y _(O+s O+sj_[§ E] d(P4,P5)=\/(%a—%j +(%_0J
Mol 2 )22

0+s s+0 S S
M2’3 =l Ty |7 < =
2 2 22
The midpoints of the diagonals are the same.

Therefore, the diagonals of a square intersect at a’ 3a’
their midpoints. 16 16

Let B, =(0,0), B, =(a,0), and

P3 :(21&

form an equilateral triangle, we need to show
that the distance between any pair of points is the

J . To show that these vertices

9
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Chapter 1: Graphs

59.

Since the sides are the same length, the triangle
is equilateral.

d(R,Py) =/(-4-2)% + (1-1)?

(R, Py) =/(-4—-2)? +(-3-1)2

V6 + (-4
=+/36+16

=2413
since [d(R, P,)]" +[d (R, P)]" =[d(R,R)T’,
the triangle is a right triangle.

a

60.

61.

d(RLPy) = (6 (D) +(2-4)
=J7? +(-2)
&
d(P,,Py) =(4-6)° + (-5-2)?

22+ (-7

d(PLPy) = (4 (D) +(-5-4)
= 5%+ (-9
=+/25+81
=+/106
since [d(P, P +[d(P,, B)]* =[d(R. )],
the triangle is a right triangle.
Since d (R, P,)=d(P,, By), the triangle is
isosceles.

Therefore, the triangle is an isosceles right
triangle.

H

d(R,P,) = (0- (-2 +(7- (D)’
=22 +8 =/4+64 =68
=217

d(P,,Py) = /(3-0)° +(2-7)?

=3 +(-5)%? =9+25
e
d(R,P) =(3-(-2))° +(2-(-D))’
=52 +3% =/25+9
:\/a
Since d(P,,P;) =d (PR, R;) , the triangle is
isosceles.
since [d(R, )" +[d (P, P)]" =[d(RLP)T",
the triangle is also a right triangle.

Therefore, the triangle is an isosceles right
triangle.
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62. d(Pl,Pz):\/(—4—7)2+(O—2)2
=V121+4 =125
=55

d(P,,Py) = /(4-(=4))* +(6-0)°
— 8% +6% = /64+36
- 100
~10
d(R,By) = (4-7) +(6-2)
~ (342 =\o+i16
J25

5

since [d(R, P)]* +[d(R, R)] =[d (R, R)T

the triangle is a right triangle.
63. Using the Pythagorean Theorem:
90% +90° = d?
8100+8100=d?
16200 = d?

d =+/16200 = 90+/2 ~ 127.28 feet

90, 90

90 90

64. Using the Pythagorean Theorem:
60 +60° =d?
3600+3600 = d? — 7200 = d?
d =+/7200 = 60+/2 ~ 84.85 feet

60 60

60 60

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

Section 1.1: The Distance and Midpoint Formulas

66.

67.

(0,90) (90,90)

X

(0,0) (90,0)

b. Using the distance formula:
d =4/(310-90)% + (15— 90)°

=/220? + (-75)? =/54025

=5+2161 = 232.43 feet

c. Using the distance formula:
d =+/(300—0) + (300 —90)>

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

= 30+/149 ~ 366.20 feet

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

Third: (0, 60)
Y1(0.60) (60,60)
X
0,0) (60,0)

b. Using the distance formula:
d =+/(180—60)? + (20 60)°

=/120% + (—40)? =+/16000

= 40410 ~126.49 feet

c. Using the distance formula:
d =4/(220—0)? + (220 - 60)°

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

= 20~/185 =~ 272.03 feet

The Focus heading east moves a distance 30t
after t hours. The truck heading south moves a
distance 40t after t hours. Their distance apart
after t hours is:
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Chapter 1: Graphs

d =+/(30t)2 + (40t)?
=+/900t? +1600t>
=+/2500t?

=50t miles
30t

40t

15 miles 5280 ft 1hr
68. 1hr  1mile 3600 sec 22 fusec

d = /1002 +(22t)?
=+/10000 + 484t> feet

22t

100 d

69. a. The shortest side is between P, =(2.6,1.5)
and P, =(2.7,1.7) . The estimate for the
desired intersection point is:

X{+X Yi+Y,) (26+27 15+1.7
2 2 ) 2 2

@2

=(2.65,1.6)

b. Using the distance formula:

d =/(2.65-1.4)2 + (1.6-1.3)
=,/(1.25)% +(0.3)°
=/1.5625+0.09
=+/1.6525

~1.285 units

70. Let P, =(2007,345) and P, = (2013, 466). The
midpoint is:

(X 1T X y1+y2j

( 2007 + 2013 345+ 466)
2

[4020 811)

— (2010, 405.5)

The estlmate for 2010 is $405.5 billion. The
estimate net sales of Wal-Mart Stores, Inc. in
2010 is $0.5 billion off from the reported value
of $405 billion.

71. For 2003 we have the ordered pair
(2003,18660) and for 2013 we have the ordered
pair (2013,23624) . The midpoint is

2003+ 2013 18660 + 23624
(year, $) = ,
2 2
[4016 42284]

2" 2
= (2008,21142)

Using the midpoint, we estimate the poverty
level in 2008 to be $21,142. This is lower than
the actual value.

72. Answers will vary.

Section 1.2

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

2(x+3)=-6
X+3=-3
X=-6

The solution set is {-6} .

2. x2-9=0
x> =9
X =449 = +3

The solution set is {-3,3} .

3. intercepts
4. y=0

5. y-axis

Copyright © 2018 Pearson Education Ltd.



12.

13.

14.

15.

16.

17.

18.

4
(-3.4)

True

False; the y-coordinate of a point at which the

graph crosses or touches the x-axis is always 0.
The x-coordinate of such a point is an

x-intercept.

c

y=x*—Vx

0=0°-0 1=1-1 4=(2'-2
0=0 120 42162
The point (0, 0) is on the graph of the equation.
y=x3—2Jx

0=0°-200 1=*-21 -1=1*-2\1
0=0 1#-1 -1=-1

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

y?=x*+9
F=0°+9 0°=3*+9 0°=(-3)°+9
9=9 0+18 0+18
The point (0, 3) is on the graph of the equation.
y2=x+1
22=141 1*=0+41 0°=-1+1
8#2 1=1 0=0

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

X2+y’=4
+22=4 (-22+22=4 (V2) +(~2) =4
4-4 84

4=4
(0, 2) and (\/5 «/5) are on the graph of the

equation.

X2 +4y% =4
0 +4-12=4 22+4.0°=4 22+4(1) =4
4-4 4=4 524

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

Section 1.1: The Distance and Midpoint Formulas

10.

11.

19.

20.

21.

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

For example: x? +y% =1

d

y=X+2

x-intercept: y-intercept:
0=x+2 y=0+2

—-2=X y=2

The intercepts are (—2,0) and (0,2).
-vn y =x+ 2

S_

0,2)

(
%(_|2iu}/_| L1l X
—/ B 5

_5 -
y=x-6
X-intercept: y-intercept:
0=x-6 y=0-6
6=x y=-6
The intercepts are (6,0) and (0,-6).
_}'!J\
3 -
B (6,0)
[
=3
/
y=2X+8
X-intercept: y-intercept:
0=2x+8 y=2(0)+8
X=-4
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Chapter 1: Graphs

The intercepts are (—4,0) and (0,8). The intercepts are (-1,0), (1,0), and (0,-1).
,vﬂ ); = 2_r + 8 }’ y = xz - l
10 (U, 8) S
(—4,0) / | B
" 4 1111 .
—10 L 10 =5 (-1,0)\Z (1,0) 5
~ (0,-1)
=10 -5 :
24. y=x*-9
22. y=3x-9 x—inter(;epts: y—integcept:
x-intercept: y-intercept: 0=x"-9 y=0"-9
0=3x-9 y=3(0)-9 x> =9 y=-9
3X = 9 y = —9 X= i3
Xx=3 The intercepts are (-3,0), (3,0), and (0,-9).
The intercepts are (3,0) and (0,-9). .

vi
10~

L1111 I
—10 (3.0) 10
y=3x—9
(0, —9);_ 7
25. y=—x*+4
23. y=x*-1 x-intercepts: y-intercepts:
x-intercepts: y-intercept: 0=-x*+4 y= —(0)2 +4
_y2 _ _n2_
0=x"-1 y=0"-1 X2 =4 y=4
x* =1 y=-1 X=42
X==+1 The intercepts are (—2,0), (2,0), and (0,4).
y
S (0, 4)
y=—x+4 /1L
2,0 — 2,0
E L1 ) ! ( L 1) |
-5 | 5
_5 -

14
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Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

26. y=-x*+1 The intercepts are (2,0) and (0,5).
x-intercepts: y-intercept: Y
0=-x%+1 y=—(0)*+1 -
x> =1 y=1 (0,5)
x==+1 5x + 2y =10
The intercepts are (-1,0), (1,0), and (0,1).
; (2,0)
B 3 .
L1111 L1l X
5 - -5 n 5
—y=-x"+1 AL
0,1 .
L 111 /\1 I T
=5(-1,0)/ L\(10) 5 29. 9x? +4y =36
- x-intercepts: y-intercept:
B ox2+4(0)=36  9(0)’ +4y=36
-5 9x* =36 4y =36
X2 =4 y=9
217. 2)_(:3y=t6 - t X =42
x-intercepts: y-intercept: .
The intercepts are (-2,0), (2,0), and (0,9).
2x+3(0)=6 2(0)+3y =6 Prs (-2,0), (2,0),and (0,9)
2x=6 3y=6 10 (0,9)
X=3 y=2
The intercepts are (3,0) and (0,2).
P y (3.0) (0.2) (—2,0) (2,0) )
YA L1111 I
5 —10 L 10
f— zx + 3}1 — 6 L 9.&‘2 + 4}' = 36‘
(0,2) \ —
I T T L 1gx
- - (3,0 2
n ( \ 30. 4x*+y=4
— x-intercepts: y-intercept:
sk 452 +0=4 4(0) +y=4
4x? =4 y=4
28. 5x+2y=10 W2 =1
X-intercepts: y-intercept: X =+1
5x+2(0)=10 5(0)+2y =10
5x =10 2y =10
X=2 y=5

15
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Chapter 1: Graphs

The intercepts are (-1,0), (1,0), and (0,4).
";..'
5+

(0,4)

Il
.

4x7 + y

L\ (1,0

£_|1'|U) L1l

|
=
¥

31. ¥y

®=(3,49 5
L]

—

(€)=(-3,~4) -5

32. yj
5
(b)=(-5,3)
®

L L
—
n
LM
b
e

[ 5
=5 5

. .
(©)=(-5.-3) @=(5-3)

=5

33. YA

5_

cnFm=an
[ ] p— [ ]
L 11 1 1 L1 1 11

-5 [ - @ 5
@=02-1) - (©=@2,-1)

¥

16

34.

35.

36.

37.

38.

YA
S_
©=42 - @=#2)
L] — L
A I B R
-5 N
L ] - L]
(b) = (_4s _2) — (45 _2)
5+
y
57
(©)=(52) - @=62
\\\\\\7\\\\\\
-5 B 5 x
b)=(5-2 [ (5,-2)
5
Yi
S_
(@=0-11) =11
e -0
I T T T I .5
-5 e ] 5
(-1,-1) ~{by=(1,-1)
sk
YA
@=3.9 S ©=6.9
L] — L]
||1||_|1||1,-’_C
-5 L 5
L] : L]
3.-4) S5-0b)=3.-49)
YA
S_
©=0 [@=¢0
=40 L 4.0
Y T T Y N .
-5 | 5
sk
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39.

40.

41.

42,

43.

44,

45,

46. a. Intercepts: (-2,0), (0,2), (0,-2),and (2,0)
Symmetric with respect to the x-axis, y-axis,
and the origin.

47. a. Intercepts: (-2,0), (0,0), and (2,0)

48.

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

yﬂ
S_
@=(03) [
(©)=(0,3) L
IIIII_[IJII;}
-5 B 5
0,-3) [
=03 T
_S_
Yi
5—
@=(3,0 [(©=0G0
(3,00 LM®=(30
Ll gd 1]
-5 B 5
o
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: (—%,0), (0,1), and (%O)

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.

Symmetric with respect to the origin.

a. Intercepts: (—4,0), (0,0),and (4,0)

Symmetric with respect to the origin.

49.

50.

51.

52.

53.

54.

55.

17

a. x-intercept: [-2,1], y-intercept 0
b. Not symmetric to x-axis, y-axis, or origin.
a. x-intercept: [-1,2], y-intercept0
b. Not symmetric to x-axis, y-axis, or origin.
a. Intercepts: none
b. Symmetric with respect to the origin.
a. Intercepts: none
b. Symmetric with respect to the x-axis.
.v
llklll_llrll_ X
-2 | J
(-2 - f-s)
(0.-9)
.‘!
‘-Tj_
- (5.3)

— (5,-3)
y
=
[ (3.9
(=m 0) (0,0) (7. 0)
I I " .V S .
5 [ 5
32
5k
y
5[0, 4)
(-2, 2)<‘E>(2. 2)
1111 PARNEE
- (0,0) °
sf
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Chapter 1: Graphs

57.

58.

59.

y2=x+4

X-intercepts: y-intercepts:

02 =x+4 y2=0+4

—_4=x y2 -4
y==2

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

y? =x+4 same

Test y-axis symmetry: Let x = —x
y? = —x+4 different

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

(—y)2 =—X+4
y? =—x+4 different

Therefore, the graph will have x-axis symmetry.

y2 =x+9

x-intercepts: y-intercepts:

(0) =—x+9 y2=0+9
0=—x+9 y? =9
x=9 y=13

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

y? =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 =—Xx+9
y? =—x+9 different

Therefore, the graph will have x-axis symmetry.

y=3x

x-intercepts: y-intercepts:
0=%x y=30=0
0=x

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

60.

61.

62.

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

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

~y =¥-x=-3x
y=%/x same
Therefore, the graph will have origin symmetry.
y=3x
x-intercepts: y-intercepts:
0=3x y=%0=0
0=x

The only intercept is (0,0).

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

y =%—x =-¥x different

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

—y =%x=-%x
y=%/x same

Therefore, the graph will have origin symmetry.

x> +y-9=0

x-intercepts: y-intercepts:

x> -9=0 0°+y-9=0
x> =9 y=9

X=13
The intercepts are (-3,0), (3,0), and (0,9).
Test x-axis symmetry: Let y=-y
x2—y-9=0 different
Test y-axis symmetry: Let x = —x
(—x)*+y-9=0

X2 +y—-9=0 same

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

x2—y-9=0 different
Therefore, the graph will have y-axis symmetry.

x2—y-4=0

x-intercepts: y-intercept:

Copyright © 2018 Pearson Education Ltd.



63.

64.

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

x?-0-4=0 0°-y—-4=0
X =4 -y=4
X =42 y=-4

The intercepts are (-2,0), (2,0), and (0,-4).
Test x-axis symmetry: Let y =y
x> —(-y)-4=0
x2+y—4=0 different
Test y-axis symmetry: Let x =—x
(—x)2 -y-4=0
x2—y—-4=0 same

Test origin symmetry: Let x=—x and y=-y
2
()" ~(~y)=4=0
x?+y—-4=0 different
Therefore, the graph will have y-axis symmetry.

9x% +4y? =36
X-intercepts:
9x2 +4(0)* =36

y-intercepts:
9(0)" +4y? =36

9x2 =36 4y* =36
X2 =4 y2=9
X =2 y=43
The intercepts are (-2,0),(2,0), (0,-3), and

(0,3).
Test x-axis symmetry: Let y=-y
9x2 +4(-y)* =36

9x2 +4y? =36 same

Test y-axis symmetry: Let X = —x
9(-x)* +4y> =36
9x2 +4y? =36 same

Test origin symmetry: Let x=—x and y=-y
9(-x)* +4(-y)* =36
9x2 +4y% =36 same

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

4x2 +y? =4
x-intercepts: y-intercepts:
4x2+0% =4 4(0) +y? =4
4x* =4 y> =4
x2 =1 y=1+2
x==1

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 +y?> =4

4x% +y® =4 same

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

40"+ ()’ =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=x3-27 y=0%-27

X =27 y=-27
Xx=3

The intercepts are (3,0) and (0,-27).
Test x-axis symmetry: Let y=-y
—y =x3-27 different

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

x-intercepts: y-intercepts:
0=x*-1 y=0%-1

x4 =1 y=-1
Xx==1

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

Test x-axis symmetry: Let y=-y

—y =x*-1 different
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Chapter 1: Graphs

67.

68.

Test y-axis symmetry: Let x = —x
4

y=(-x) -1

y=x*-1 same

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

—y=(-x)"-1

-y =x*-1 different

Therefore, the graph will have y-axis symmetry.

y=x*-3x-4

X-intercepts: y-intercepts:
0=x*-3x-4 y=0?-3(0)-4
0=(x—4)(x+1) 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
2

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

69.

70.

Therefore, the graph will have y-axis symmetry.

3
X249
x-intercepts: y-intercepts:
o a0 o
X249 y_02+9_9_
3x=0
x=0

The only intercept is (0,0).

Test x-axis symmetry: Let y=-y

_y= 3X
X2 +9

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

=— different
y X% +9

different

y:

Test origin symmetry: Let x=—x and y=-y
3(=x)
(—x)2 +9
3x
X249

-y =

-y =

> same
X“+9

Therefore, the graph has origin symmetry.

- X2 —4
2X
x-intercepts: y-intercepts:
X2 —4 0’-4 -4
0=—— y= =—
2X 2(0) o0
x> -4=0 undefined
X2 =4
X=12

The intercepts are (—2,0) and (2,0).
Test x-axis symmetry: Let y=-y
X2 —4

-y= different
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71.

Section 1.2:

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

2

y=- X -4 different
2X

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

2
-X) -4
L,
2(-x)
x4
y= —2X
X2 —

= same
y 2X

Therefore, the graph has origin symmetry.

3

=X
Y= e
X-intercepts: y-intercepts:
-3 0 0
0:x2—9 y:mz__gzo
-x¥=0
x=0

The only intercept is (0,0).

Test x-axis symmetry: Let y =y

_y = —X
X% -9
XS
= different
Y X2 -9

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

y:

different

yo X
x? -9

21

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

(=)’

-y=
(-x)* -9
X3
B x? -9
_ 3
= same
y X% -9

Graphs of Equations in Two Variables; Intercepts; Symmetry

Therefore, the graph has origin symmetry.

x4 +1

2x°
x-intercepts:

y:

4
0:x J;l

2X
xt=-1

y-intercepts:

_ 0% +1 _1
200 0
undefined

no real solution

There are no intercepts for the graph of this
equation.

Test x-axis symmetry: Let y=-y

! different

+
R 2x°
Test y-axis symmetry: Let x = —x
(—x)4 +1

2(~—x)’

x*+1

—2x°
Test origin symmetry: Let x=—x and y=-y
(—@4+1

2(~x)

x4l

—2x°

y—X4+1same
2x°

Therefore, the graph has origin symmetry.

y= different
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Chapter 1: Graphs

73.

74,

75.

76.

y=x
v/
S_
(1,1
L 11 11 L1111
=S5 = 0,0) 9
(—1,-1) B
5L
X =y?
Vi
5_
(1, 1)
| _I | |
-5 (0,0)D 5
[(1,-1)
5L
y=+/x
Jr"ll
S_
B 4.2
:(1,1)( )
L 111 |m
-5 (0,0)F 5
5L
1
y:_
X
y
5
Ly
5

22

77.

78.

79.

80.

81.

82.

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

0=a’+3a-4

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

a+4=0 or a-1=0

a=-4 a=1
Thus, a=-4 or a=1.

If the point (a,-5) is on the graph of
y = x? +6Xx, then we have
—5=a%+6a

0=a’+6a+5

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

a+5=0 or a+1=0

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

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

(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.

8. a (X+y’-x) =x+y?

x-intercepts:
2
(x2 +(0)° - x) = x2+(0Y’
(x2 - x)2 = x?

x4 —2x3 + x% = x?

x*—2x*=0
x*(x-2)=0
x*=0 or x-2=0
x=0 X=2

y-intercepts:
2
((0)° +y?~0) =(0)*+y*

y
The intercepts are (0,0), (2,0), (0,-1),
and (0,1).
b. Test x-axis symmetry: Let y=-y
2
(x2 +(-y)° —x) =x2+(-y)

2
(x2 +y? —x) =x*+y? same

Test y-axis symmetry: Let x =—x
2
(X +y2 () =(20" ¥

2
(x2 +y2 + x) =x*>+y? different

84.

85.

Test origin symmetry: Let x=—x and y=-y
2
(%)% (=9) =(=x)) = (%) +(~y)?

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

Thus, the graph will have x-axis symmetry.

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

16y® = -225
16

no real solution
y-intercepts:
16(0)° =120x - 225

0=120x-225
—120x =-225
(22515
-120 8

The only intercept is (%Oj :

Test x-axis symmetry: Let y=-y
16(~y)* =120x-225
16y% =120x—225 same
Test y-axis symmetry: Let x =—x
16y? =120(-x)-225
16y® = —120x—225 different
Test origin symmetry: Let x=—x and y=-y
16(~y)? =120(~x)-225
16y2 =-120x—225 different

Thus, the graph will have x-axis symmetry.

YA
S—
n y=vxZ
B y=|x|
| I I I | it
5 [ 3
_5—
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Chapter 1: Graphs

=
rrrrTr

L1111
-5

L1111 g

wn

-5

I P O O T O

-2 8
-2

b. Since \/x7:| x| forall x, the graphs of

y:JxTandy:|x| are the same.

c. Fory= (ﬁ)z , 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. Fory =\/x_2 , the range of the variable vy is
y >0; for y = x, the range of the variable
y isall real numbers. Also, \/x_zz X only

if x>0. Otherwise, \/x_2 =-X.

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

87. Answers will vary. One example:
y

88. Answers will vary

24

89.
90.

91.

Answers will vary

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

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph — (—x,—y) on graph

(from y-axis symmetry )

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

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

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph —(-x,y) on graph

(from origin symmetry)

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

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

(x,y) on graph — (—x, y) on graph

(from y-axis symmetry )

(=x,y) on graph — (x,—y) on graph

(from origin symmetry)

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

Answers may vary. The graph must contain the
points (-2,5), (-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), (0,-2), (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.
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Section 1.3: Lines

14. a. Slope = 1=0 1
-2-0 2
b. If x increases by 2 units, y will decrease
Section 1.3 by 1 unit.
1. undefined; 0 _
15. a. Slope= -2 1
2. 32 1-(=2 3
x-intercept: 2x+3(0) =6 b. If x increases by 3 units, y will decrease
2x=6 by 1 unit.
x=3
y-intercept: 2(0)+3y =6 16. a. Slope = 2-1 :l
3y=6 2-(-1) 3
y=2 b. If x increases by 3 units, y will increase
3 True by 1 unit.
- 0-3 3
: is 3 17. Slope=J2"%n _2=°_ 2
4. False; the slope is 5 p X, — ¥ 4-2 >
2y =3x+5 A
3 5 =
=—X+— B
y 2 2 \
?
5. True; 2(1)+(2)=4

10.
11.
12.

13.

?

2+2=4 ,

4=4 True -2

m, =m, ; y-intercepts; m, -m, =-1

2 18. Slope =
1 )
-5 3

False; perpendicular lines have slopes that are
opposite-reciprocals of each other.

d
|
-2
c
b
a. Slope:ﬂ:i
2-0 2
b. If x increases by 2 units, y will increase
by 1 unit.

25
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Chapter 1: Graphs

19. Slope=J2z=%_ 13 -2 1 23, Slope= Y2~V _ —2-2
,—% 2-(-2) 4 2 R

¥

= _—4 undefined.
0

Y

h
5r 5
‘A_ (_ 1 , 2)

(2, 1)
|||||ﬁr\||3t L 111 [ B

-5 B I -5 B 5
- ~1,-2)¢
sk sk
20. Slope =2~ % _ 3-1 _2 24, Slopezyz_yl:ﬁ:g undefined.
X, =% 2-(-1) 3 X,—% 2-2 0
YA A
5_
L 322
LT [ X L el o
y B 5 -5 I () I
5 sk I
1. Slope:yz—ylz—l—(—l)zgzo 25. P=(12);m=3;y-2=3(x-1)
X, =% 2—-(-3) 5 A
y.il 8
5¢ B
B - 42,9
L Py B
- " > =(1,2)
N - - - 111 1 1 11
S ) =5 1 5
o /

26. P=(21);m=4;y-1=4(x-2)

22. Slope=22_L_-2"% _ "~ _
X, =% —5-4 -9
YA
S_
(-5.2) B (4,2)
L P=(2.1)
I I I | L1111 x
5 B 5 L L1l
sk

26
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Section 1.3: Lines

31. P=(0,3); slope undefined ; x=0
y
5

P=(0,3)

T Y O .
=5 5

-2,

(note: the line is the y-axis)

28. P=(L3)m= 2 Sy 3= —g(x—l) 32. P =(-2,0); slope undefined x = -2
5 5 )

-S

L1111
5

4 .
33. SI =4=—; t: (1,2
29. P:(—1,3);m:0;y—3=0 ope 1 poin ( )

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

\F
;k_ units.
- Answers will vary. Three possible points are:
oLy > X=1+1=2 and y=2+4=6
I BRI, (2.6)
- = > x=2+1=3 and y=6+4=10
- (3,10)
sl x=3+1=4 and y=10+4=14
(4,14)

30. P=(2,-4);m=0;y=-4 )
34. Slope=2 =1 ; point: (-2,3)

v
-;: If x increases by 1 unit, then y increases by 2
L units.
- Answers will vary. Three possible points are:
Ll t il x x=-2+1=-1and y=3+2=5
B - ’ (-15)
P =(2,-4) x=-1+1=0 and y=5+2=7
5 (0,7)
x=0+1=1and y=7+2=9
(L.9)

27
Copyright © 2018 Pearson Education Ltd.



Chapter 1: Graphs

35.

36.

37.

38.

3 .
Slope = —>=—>: t: (2,-4
ope > > poin ( )

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

Answers will vary. Three possible points are:

x=2+2=4 and y=-4-3=-7
(4-7)

Xx=4+2=6 and y=-7-3=-10
(6,—10)

Xx=6+2=8 and y=-10-3=-13
(8,-13)

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

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

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

(0.6)
x=0+3=3 and y=6+4=10
(3,10)
Xx=3+3=6 and y=10+4=14
(6,14)

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

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

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

(-1-5)

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

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

Slope=-1= _Tl ; point: (4,1)

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

39.

40.

41,

Answers will vary. Three possible points are:

x=4+1=5 and y=1-1=0
(5.0)

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

Xx=6+1=7 and y=-1-1=-2
(7.-2)

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

Xx—2y=0 or yzéx

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

1-0 1 1
Slope = =—=-=
-2-0 =2 2
y-intercept is 0; usingy =mx+b:
1
=—=x+0
y 2
2y =X
X+2y=0

X+2y=0 or y:—%x

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

Slope = -3 _2__
1-(-) 2
Usingy -y, = m(x—x,)
y—-1=-1(x-1)
y-1l=—x+1
y=—X+2

X+y=2 0r y=—x+2
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Section 1.3: Lines

42. (-1, 1) and (2, 2) are points on the line. 47. Slope = 3; containing (-2, 3)
Slope = 2-1 1 Y=Yy =m(x-x)
2-(-) 3 y—-3=3(x—-(-2))
Usingy -y, =m(x—X,) y—-3=3x+6
1 =3x+9
y-1==(x~(-D) y
3 3Xx—y=-9 or y=3x+9
1
y-1= §(X+1) 48. Slope = 2; containing the point (4, —3)
1 1.1 Y=y, =m(x—x)
—1=—X+—
N y-(-3)=2(x-4)
1 4 y+3=2x-8
y==X+—
3 y=2x-11
x—3yz—4ory:1x+£ 2x—y =11 or y=2x-11
3 3
43. y—y, =m(x-%), m=2 m.smmz—g;mmmmm(L4)
-3=2(x-3
y ( ) Y=Y =m(X—%)
y—-3=2x-6 5
y=2x-3 y—(—1)=—§(><—1)
2x—-y=3 or y=2x-3 2 2
y+l=——X+—
44, y—-y,=m(x-%), m=-1 3 3
y—-2=-1(x-1) y———zx—1
3 3
y—-2=-Xx+1 5 1
- 2X+3y=-1o0r y=——x—-—
y=-x+3 y y 37%73

X+y=3 ory=—x+3

1 50. Slope =1; containing the point (3, 1)
45, y—w:mU—&)m:—E 2

L Y=Y =m(X=%)
-2=—=(x-1 1
y > =D y-1==(x-23)
1.1 2
y—2=—Zx+= 1.3
2 2 y—]_:_x__
2 2
1. 5
y=—=X+— 1 1
2 2 y==x—=
2 2
15
X+2y=5o0ry=—=x+— 1 1
2 2 X—2y=1lory==—x—=
2 2
46. y-y, =m(x-x), m=1
y-1=1(x-(-1)
y-1l=x+1
y=X+2

X—y=—2 0ry=x+2

29
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Chapter 1: Graphs

51. Containing (1, 3) and (-1, 2)
2-3 -1 1
m=——=——=—
-1-1 -2 2
Y=Y =m(x—X)

1
—3==(x-1
y 2( )

52. Containing the points (=3, 4) and (2, 5)
5-4 1
m= = —
2—-(-3) 5
Y=Y =m(X-%)

1
—5=2(x-2
y 5(><)

53. Slope =-3; y-intercept =3
y=mx+b
y=-3Xx+3

3x+y=3 or y=-3x+3

54. Slope = -2; y-intercept = -2
y=mx+b
y=-2X+(-2)

2X+y=—-2 or y=-2x-2

55. x-intercept = 2; y-intercept = -1
Points are (2,0) and (0,-1)
-1-0 -1 1
Mm=—rm-7——=—m =—

0-2 -2 2
y=mx+b

1
=—x-1
Y 2

X—-2y=2 or y:%x—l

56. x-intercept = —4; y-intercept =4

57.

58.

59.

60.

61.

62.

Points are (-4, 0) and (0, 4)
4-0 4
m= = —
0-(-4) 4
y=mx+b
y=1x+4
y=Xx+4
X—y=—4 or y=x+4

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

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

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

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

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

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

Parallel to y =2x; Slope =2

Containing (-1, 2)

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

Parallel to y =-3x; Slope =-3; Containing the
point (-1, 2)
Y=Y =m(X-%)
y—2=-3(x~(-1)
y-2=-3x-3->y=-3x-1
3X+y=-1or y=-3x-1
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63.

64.

65.

66.

67.

68.

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

Y=Y =m(X—%)
y—-0=2(x-0)
y =2X

2Xx—y=0 or y=2x

Parallel to x—2y=-5;

Slope :%; Containing the point (0,0)
Y=Y =m(x=x)

1 1
-0==(x-0)> y==x
y ;=0 >y =27
1
x—2y=0 or yzzx

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

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

y=2
. 1 .
Perpendicular to y=5x+4; Containing (1, -2)

Slope of perpendicular = -2
Y=Y =m(x=x)
y-(-2)=-2(x-1)
Yy+2=-2X+2—>y=-2X
2x+y=0 or y=-2x

Perpendicular to y = 2x—3; Containing the
point (1, -2)
Slope of perpendicular = —%

Y=Yy, =m(X—X)

y-(-2) == (x-)

y+2——lx+£—>y——1x—E
2 2 2 2
1 3
X+2y=-3 of y=——X——
y y 5575

69.

70.

71.

72.

73.

74.

Section 1.3: Lines

Perpendicular to 2x+ y = 2; Containing the
point (-3, 0)

Slope of perpendicular :%
Y=Y =m(X-%)
1 1 3
-0=—(x-(-3 =—X+—
y 2( (=3) -y X5

X—2y=-3 or y:%x+g

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

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

Perpendicular to y =8;

Containing the point (3, 4)

Slope of perpendicular is undefined (vertical
line). x=3 No slope-intercept form.

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

y =-3x+4; Slope = -3; y-intercept = 4

0,4

(1, 1)

Y T

[
-5 5

2.-2)
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Chapter 1: Graphs

75. %yzx—l; y=2Xx-2 79. X+2y=4; 2y=—x+4—>y=—%x+2
Slope = 2; y-intercept = -2 .

P {, P Slope = —% ; y-intercept = 2
YA
\S_

0,212 D

I T L g

-5 L @ U)-\\‘_
L

1 1
76. =X+y=2; y=——X+2
3 y y 3

1 80. —x+3y:6;3y:x+6_>yzlx+2
Slope =—§; y-intercept = 2 3

Slope =% ; y-intercept = 2
\\:: Re
5_
=3 o, 3,10 L
T O = 0, 2)

Y

-5 5

T T T
il

-5

. Y=%X+2; Slopezé;y-interceptzz

YA 81. 2x-3y=6; —3y=—2x+6—>y=§x—2

5
(0,2) / Slope = % ; y-intercept = -2

|/1|1||.—3‘

& 5

-5

78. y=2x+%;$lope:2; y—intercept:%

32
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82.

83.

84.

85.

3X+2y=6; 2y=—3x+6_>y=_gx+3

Slope = —g ; y-intercept =3

X+y=1, y=—x+1

Slope = -1; y-intercept = 1
A/
2 L

0, 1)
| \ L X

-2 (LON 2

2

X—y=2; y=x-2

Slope = 1; y-intercept = -2
v
5

T 1T 1T 1T

L1111 | L 11 ...-_t
-5 g (2.0) 5
(l\_])

x =—4; Slope is undefined

y-intercept - none
y
5

-

T 1T 1rrIr=

A

L1112

T T T 171

33

86.

87.

88.

89.

Section 1.3: Lines

0; y-intercept =-1

y=-1; Slope =
YA
S_
I I B B
= S .
0,-1)L
5

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

Vi
8 o

I Y I |

wn

i, )=

x = 2; Slope is undefined
y-intercept - none

YhoA

S_
IR B B,
-5 L 5

=Sr ¥
y—-x=0; y=x
Slope = 1; y-intercept =0

Yh

S_

L #2)

L1111 A1 2
-5 (0,0) 5

5+
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Chapter 1: Graphs

90.

91.

92.

X+y=0; y=—x
Slope = -1; y-intercept =0

L

T =

I
W
En)
e
<
=
wn

2y-3x=0; 2y=3x—>y=gx

Slope = % ; y-intercept =0

3x+2y=0; 2y:—3x—>y:—%x

Slope = _%; y-intercept =0

T

[

[

o
I'T T 171

I I I 3

(2,-3)

34

93.

94.

x-intercept: 2x+3(0) =6
2x=06
X=3

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

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

x-intercept: 3x—2(0)=6
3x=6
X=2
The point (2,0) is on the graph.
y-intercept: 3(0)—2y =6
-2y=6
y=-3
The point (0,-3) is on the graph.
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95. a. x-intercept: —4x+5(0) =40

The point (-10,0) is on the graph.

—4x =40
x=-10

y-intercept: —4(0)+5y =40

5y =40
y=8

The point (0,8) is on the graph.

(—=10.0)

v

B 3
10 /
(0, 8)

I N T N T T

/Zl- 0

10

-10

96. a. x-intercept: 6x—4(0) =24

6x =24
X=4

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

y-intercept: 6(0)—4y =24

-4y =24
y=-6

The point (0,—6) is on the graph.

b y
' 4

4.0
] |( 1 J}/'V

|
w

(0, -6)
/

L

97.

98.

Section 1.3: Lines

x-intercept: 7x+2(0) =21
Tx=21
x=3

The point (3,0) is on the graph.
y-intercept: 7(0)+2y =21
2y =21
21
T2

The point (0, 21) is on the graph.

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

18

X =—

5

The point (?Oj is on the graph.

y-intercept: 5(0)+3y =18
3y =18
y=6

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

Vi

10F
(0, 6)

N
|
%
e

-10
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Chapter 1: Graphs

99. a.  x-intercept: £x+£(0)=1 101. a. x-intercept: 0.2x—0.5(0) =1
2 3 0.2x=1
lx =1 X=5
2 ) The point (5,0) is on the graph.
X =
The point (2,0) is on the graph. y-intercept: 0.2(0)-0.5y =1
1 1 -0.5y=1
-intercept: —(0)+=y=1 -
y pt: 2(0)+3Y y=-2
1 . The point (0,-2) is on the graph.
37 b. V)
y=3 Sk
The point (0,3) is on the graph. B
b y . (5,0)
' \_ L1111 [ I -
= -5 | 5 X
(0,3) (0,-2)
§\1(2. 0) ‘/:
N N Y Y A sk
-5 B 5 2
C 102. a. x-intercept: —-0.3x+0.4(0)=1.2
-5 -0.3x=1.2
x=-4
100 a. x-intercept: X_§(0)24 The point (—4,0) is on the graph.
<=4 y-intercept: —0.3(0)+0.4y =1.2
The point (4,0) is on the graph. 0.4y=12
2 y=3
y-intercept: (0)—§y =4 The point (0,3) is on the graph.
2 b y
_Zy=4 ’ =
3 y 5 /i
y=-6 (0.3)
The point (0,-6) is on the graph. -5 /: 5
I A
b. y /—4.(1) R X
S5k

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

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

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

36
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106.

107.

108.

109.

110.

111.

112.

113.

114.

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

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

The slopes are different and their product does

not equal —1 (in fact, the signs are the same so
the product is positive). Therefore, the lines are
neither parallel nor perpendicular.

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

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

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

Intercepts: (0,-1) and (-2,0). Thus,

slope = 1
>

y:—%x—l or X+2y=-2

5-3 2 2
P=(-25), P,=(13): m=—">="°-_%
= (25), =19 =2
3-0 3
P, =(13), Py =(-10): my=—_-2
2 ( ) 3 ( ) m2 l—(—l) 2

Since m; -m, = -1, the line segments PP, and

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

R=(0-1), R =(41), B =(22), R =(54)

1-(-1) 2 4-1
e T
4-2 2 2—(-1)
=—=—, = :3

% 5 3 3 T o

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

116.

117.

118.

119.

Section 1.3: Lines

m., = =—=1: ms,= =
#4103 T )
Opposite sides are parallel (same slope) and

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

- 3-0 2-3 1
M=~ M Ty
My = 2.3 m, -—9__1

3-4 3-0 3

~1-2)° =\1+9 =410
Ay =/(3-0)* +(-1-0)* =\/9+1=+10

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

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

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

C =0.09x+33

When x = 175, C = (0.09)(175)+33 = $48.75 .
When x = 403, C = (0.09)(403)+33 = $69.27 .

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

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

C =8x+500

When x = 400, C = (8)(400)+500 = $3700.
When x = 740, C = (8)(740)+500 = $6420 .

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

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

C =0.16x+4436
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Chapter 1: Graphs

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

121.

122.

dollars.
Weekly salary = (% share of profit)(profit) +
weekly pay
S =0.05x+375
a. C=0.0821x+15.37; 0<x <800
‘v ...................
2 100 (800, 81.05)
= B0[F A
2 60
g o
O 2000,1537) ! . ! T ! :
0 100 300 500 700 900
KW-h
c. For 200 kwh,
C =0.0821(200) +15.37 = $31.79
d. For 500 kWh,
C =0.0821(500) +15.37 = $56.42
e. For each usage increase of 1 kWh, the
monthly charge increases by $0.0821
(that is, 8.21 cents).
a. C=0.0907x+7.24; 0<x<1000
b _}’J\
- (1000, 97.94)
z 100 &
= 80
< 60
z 40
S W0, 728
0 200 600 1000 x
kW-h
c. For 200 kWh,
C =0.0907(200) + 7.24 = $25.38
d. For 500 kWh,
C = 0.0907(500) + 7.24 = $52.59
e. For each usage increase of 1 kWh, the

monthly charge increases by $0.0907
(that is, 9.

07 cents).

123. (°C,°F)=(0,32); (°C,°F) = (100, 212)

212-32 180 9

slope =———=—==
100-0 100 5
9
°F-32==(°C-0
5( )
9
°F-32==(°C
5( )
5
°C =—(°F-32
9( )
If °F =78, then

5 5
°C =>(78-32) == (46
9( ) 9( )

°C ~ 25.6°C
124. a. K =9C +273
5
b. °C=2(F-32)

125. a.

K =§(°F ~32)+273

160

K=—0F -——=1273
9

OFJ’_@
9

i
9
K=>
9
The y-intercept is (0, 45), so b = 45. Since
the ramp drops 3 inches for every 29 inch

run, the slope is m =—=_—3. Thus, the
29 29

equation is y = —%x +45.

Lety=0.
O=_—3x+45
29

ix:45
29

@(i Xj = @(45)
3129 3

X =435
The x-intercept is (435, 0). This means that
the ramp meets the floor 435 inches (or
36.25 feet) from the base of the platform.
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126. a.

127. a.

No. From part (b), the run is 36.25 feet which

exceeds the required maximum of 30 feet.

First, design requirements state that the
maximum slope is a drop of 1 inch for each

8 inches of run. This means |]4 s% )

Second, the run is restricted to no more than
30 feet = 360 inches. For a rise of 45
inches, this means the minimum slope is
45 1. That is, |m| > 1 . Thus, the only
360 8 8

possible slope that can be used to obtain the
45-inch rise and still meet design

. . 1
requirements is m = -5 In words, for

every 8 inches of run, the ramp must drop
exactly 1 inch.

The year 2000 corresponds to x = 0, and the
year 2012 corresponds to x = 12. Therefore,
the points (0, 20.6) and (12, 9.3) are on the
line. Thus,

m=23-206_ 113 490 The y-
12-0 12
intercept is 20.6, so b = 20.6 and the

equation is y = —0.942x -+ 20.6
0=-0.942x+20.6
0.942x = 20.6
x=219
y-intercept: y = —0.942(0)+ 20.6 = 20.6
The intercepts are (21.9, 0) and (0, 20.6).

The y-intercept represents the percentage of
twelfth graders in 2000 who had reported
daily use of cigarettes. The x-intercept
represents the number of years after 2000
when 0% of twelfth graders will have
reported daily use of cigarettes.

The year 2025 corresponds to x = 25.
y =—0.942(25)+20.6 = -2.95

This prediction is not reasonable.

X-intercept:

Let x = number of boxes sold, and

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

(%, A)) = (100,000, 10,000);

128.

129.

Section 1.3: Lines

(%,, A,) = (200,000, 50,000)
50,000 —10,000

slope =
200,000-100,000
_ 40,000 2
100,000 5
A-10,000 = é(x —100,000)
2
A-10,000 = EX —40,000
A= % x—30,000

b. Ifx=700,000, then
A= %(700, OOO) —30,000 = $250, 000

c. Each additional box sold requires an
additional $0.40 in advertising.

Find the slope of the line containing (a,b) and
(b,a):
a-b

slope=——=-1
P b

The slope of the line y=x is 1.

Since —1-1=-1, the line containing the points
(a,b) and (b, a) is perpendicular to the line
y=X.

The midpoint of (a,b) and (b, a) is

M :(a+b, b+ajl
2 2

Since the coordinates are the same, the midpoint
lies on the line y = x.

Note: a_+b = b+_a
2 2

2x—-y=C

Graph the lines:

2x—-y=-4

2x—-y=0

2Xx—y=2

All the lines have the same slope, 2. The lines
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Chapter 1: Graphs

are parallel. 133. (c)
-y=-4 The equation x—y =-2 has slope 1 and y-
A 2e-y=0 intercept (0, 2). The equation x—y =1 has
5 slope 1 and y-intercept (0,—1). Thus, the lines
04 dx-y=2 are parallel with positive slopes. One line has a

positive y-intercept and the other with a negative

-2,0) - )
y-intercept.

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

©-2) intercept (0, 2). The equation x+2y =-1 has
5
slope 1 and y-intercept (O,—lj. The lines
130. Refer to Figure 47. 2 2
— . . 1 .
length of OA=d(O,A)=4 1+m? are perpendicular since 2| —= |=—1. One line
g OA (0.A) +my Perp [ 2}
length of OB =d(0,B) =+ 1+m,’ has a positive y-intercept and the other with a
length of AB=d (A B) —m,—m, negative y-intercept.
Now consider the equation 135 - 137. Answers will vary.

2 2
( 1+ m12 ) +( M1+ m22 ) =(m, - m2)2 138. No, the equation of a vertical line cannot be

written in slope-intercept form because the slope

If this equation is valid, then AAOB is a right is undefined.
triangle with right angle at vertex O.
2 2 139. No, a line does not need to have both an x-
2 2 2 )
(\/1+ m ) + (\j1+ m, ) =(m—m,) intercept and a y-intercept. Vertical and

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

1+m? +1+m,> =m? —2mm, +m,
2+m?+m,? =m?—2mm, +m,?
But we are assuming that m,m, =~1, so we 140. Two lines with equal slopes and equal
have y-intercepts are coinciding lines (i.e. the same).
2+m? +my> =m? —2(-1)+m,’ _ _
141. Two lines that have the same x-intercept and y-

24m? +my? =m? +2+m,? intercept (assuming the x-intercept is not 0) are
0=0 the same line since a line is uniquely defined by

Therefore, by the converse of the Pythagorean two distinct points.

Theorem, AAOB is a right triangle with right

angle at vertex O. Thus Line 1 is perpendicular 142. No. Two lines with the same slope and different x-

to Line 2. intercepts are distinct parallel lines and have no

points in common.
131. (b), (c), (e) and (g) Assume Line 1 has equation y =mx+b, and Line
Tr_1e line has positive slope and positive 2 has equation y =mx+b, ,
y-intercept.

132. (@), (c), and (g) Line 1 has x-intercept - and y-intercept b, .

The line has negative slope and positive b
- = - 2 -
y-intercept. Line 2 has x-intercept ey and y-intercept b, .

Assume also that Line 1 and Line 2 have unequal
X-intercepts.
If the lines have the same y-intercept, then b, =b, .

40
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b _b_  b_ b
=b — T — _—— = ——
e

by

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

same x-intercept, which contradicts the original

assumption that the lines have unequal x-intercepts.

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

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

Assume Line 1 has equation y =mx+b and Line
2 has equation y =m,x+b,
Line 1 has x-intercept _b and y-intercept b .
m
Line 2 has x-intercept b and y-intercept b .
m,
Assume also that Line 1 and Line 2 have unequal
slopes, that is m; = m,.
If the lines have the same x-intercept, then
Section 1.4
1. add; (£10)° =25
2. (x-2)*=9
X—2=+/9
X—2=4%3
x=2%3
Xx=5 or x=-1
The solution set is {-1, 5}.
3. False. For example, x?+y%+2x+2y+8=0
is not a circle. It has no real solutions.
4. radius
5. True; r’=9—>r=3
6. False; the center of the circle
(x+3)* +(y-2)" =13 is (-3,2).
7. d

41

144.

145.

10.

11.

12.

Section 1.3: Lines

b b
EE
b b
mom,
-m,b =-mb
-m,b+mb=0
But —mb+mb=0=b(m-m,)=0

=b=0
orm-m,=0=m =m,
Since we are assuming that m; = m,, the only way

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

Answers will vary.

Y-y, —-4-2 -6 3

X, =% 1-(-3) 42
It appears that the student incorrectly found the

slope by switching the direction of one of the
subtractions.

m=

a

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

=J(@2-02+@1-1)2=4=2

Equation: (x—2)*+(y—-1)* =4

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

=J1-12+(2-07 =4 =2
Equation: (x-1)* +(y—-2)* =4
Center = midpoint of (1, 2) and (4, 2)
(15 57)-3.2)

Radius = distance from (% 2) to (4,2)

~ 5 , [9_3
—\/[4—5) +(2—2) = 2—2

. 5)° , 9
Equation: | x——| +(y—-2) " =—
q ( Zj (y-27 =2

Center = midpoint of (0, 1) and (2, 3)
(0+ 2 1+3

22 j:(l,Z)
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Chapter 1: Graphs

Radius = distance from (1,2) to (2,3) 16. (x—h)?+(y—-k)?=r?
= J(2-1) +(3-2)? =2 (x=1)*+(y-0)* =3
2.2
Equation: (x—l)2 +(y-2)7?=2 (x=1)7+y" =9
General form: x? —2x+1+y*=9
13, (x=h)?+(y—k)* =r? X2 +y?-2x-8=0
(x=0)* +(y-0)* =2 A
S_

X2+y>=4 =
General form: x*+y?-4=0

¥
5: -5
L 0.0
-5 | 5 =2
53 17. (x=h)?+(y—k)? =r?
- (x=4)% +(y—(-3))* =5
14. (x—h)?+(y—k)? =r? (x—4)% +(y+3)? =25
2 General form:
(=0 +(y-0)" =3 2 _8x+16+y2 +6y+9=25
X +y? =0 X°—8X+16+y° +6y+9=

2 2
X —-8x+6y=0
General form: x*> +y?-9=0 oy oy

Lyl 1 11 1 11

.
 =3)

-8

15. (x—h)?+(y—k)? =r?
(x=0)% +(y—2)* =2°
X +(y-2)* =4

General form: x* +y? —4y+4=4

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

2 .2 _
X“+y"-4y=0 X2 +y?—4x+6y—-3=0
YA v
5 2“_
(0, 2) - Ll AT T TNy 11
> -3 . 7
B x -
-5 | 5 I
sk S
_8_

42
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Chapter 1 Review Exercises

19. (x—h)2+(y—k)? =r? ';“
(x=(=2)* +(y-D* =47
(x+2)2 +(y-1)>° =16 ~
General form: x? +4x+4+y? -2y +1=16 | \ " | X
X2 +y? +4x-2y-11=0 = aY 2
v | (%.U)
x & !
2+

22. (x=h)?+(y—k)?>=r?

20. (x—=h)?+(y—-k)* =r? General form: x2+y2+y+%:%
(x=(-5))* +(y-(-2)) @yt ey
(x+5)%+(y+2)* =49 VA
General form: x* +10x+25+ y* + 4y +4 = 49 21

X2 +y2+10x+4y-20=0
y

23. X*+y’=4
x> +y’=2

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

b. y
5
(0,0)
[ | [
5
EE

2

21.

-5

X2 +y?—x=

43
Copyright © 2018 Pearson Education Ltd.



Chapter 1: Graphs

c. x-intercepts: x* +(0)° =
X2 =4

x=+\4 =42
y-intercepts: (0) +y? =4

y'=4
y= =12
-2,0

(2,00 (0-2)

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

As

24, x*+(y-1)%=1
x> +(y-1)? =1
a. Center:(0,1); Radius=1

c. x-intercepts: x?+(0—1)? =1
x2+1=1
X2 =0
x=+J0=0
y-intercepts: (0)° +(y-1)2 =1
(y-9*=1
y—1=+1
y-1=+1
y=1=£1
y=2 or y=0
The intercepts are (0,0) and (0,2).

25. 2(x-3)"+2y?=8

(x-3)"+y*=4
a. Center: (3,0); Radius =2

C. x-intercepts: (x—3)2 +(0

y-intercepts: (0-3)" +

No real solution.

The intercepts are (1,0) and (5, 0).

26. 3(x+1)° +3(y-1y’
(x+1)2 +(y—1)

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

=6
2

YA
5 -
L (-L1)
-5 B 5
i
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c. x-intercepts: (x+1)2+(0—1)2 =2
(x+1)° +(-1)* =2
(x+1)2+1:2
(x+1)° =1
X+1=+1

X+1==+1

Xx=-1+1
x=0 or x=-2
2

<
5
-
@D
=
(@]
@D
o]
—
@«
—~~
o
+
[BEN
~—
[N
+
|
[BEN
~—~—
Il

|
[EEN
~— — ~—~
Il
+= + PN

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

27. x*+y?-2x-4y-4=0
X2 —2x+y*—4y=4
(X® =2x+1)+(y2 —4y+4)=4+1+4
(x-1)%+(y-2)* =3
a. Center: (1, 2); Radius=3
b. Y

=l

c. x-intercepts: (x—1)? +(0—2)? =32
(x-1)%+(-2)* =3
(x-1)" +4=9
(x-1)" =5
x—1=+5
x=1++/5

Chapter 1 Review Exercises

y-intercepts: (0-1)* +(y —2)* = 3
D?+(y-2?% =3
1+(y-2)* =9
(y-2)° =8
y-2=+8
y—2=122
y= 2+24/2
The intercepts are (1—\/5, 0), (l+ 5, 0),

(0,2-2v2),and (0,2+2V2).

28. X2 +y% +4x+2y—-20=0
X2 +4x+y® +2y =20
(OC +4x+4)+(y? +2y+1)=20+4+1
(x+2)% +(y+1)? =5°
a. Center: (-2,-1); Radius=5

b. 3
5

N

=5

.
(-2,-1)

c. x-intercepts: (x+2)° +(0+1)* =5°
(x+2)2+1=25
(x+2)* =24
X+2=1:/24
x+2=+2./6
x=-2+26
y-intercepts: (0+2)? +(y+1)* =5°
4+(y+1)?2 =25
(y+1)? =21
y+1:i\/ﬁ
y=-1+21
The intercepts are (—2 —2./6, 0),

(-2+2v86,0), (0,-1-21), and
(0, —l+x/ﬁ).
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Chapter 1: Graphs

29. X2 +y? +4x-4y-1=0 c. x-intercepts: (x—3)% +(0+1)? =1°
X2 +4x+y* -4y =1 (x-3)*+1=1
(X +4x+4)+(y* —4y+4)=1+4+4 (x-3)° =0
(x+2)*+(y-2)* =3 X-3=0
a. Center: (-2, 2); Radius =3 x=3
b y y-intercepts: (0—3)2 +(y +1)% =12
- 9+(y+1)? =1

2

. -

No real solution.
ANLL LA L1 The intercept only intercept is (3,0).

—5 \/_ 5 X
B 31 x2+y2—x+2y+1=0
sk —x+y2+2y=-1
1
c. x-intercepts: (x+2)*+(0-2)* =3 (X —X+ )Jr(y +2y+1) = Bt
2% +4=9 2 2
(X+2)* + (X_lj +(y+1)z:(1j
(x+2)* =5 2 2
X+2=£5 a. Center: (L—lj - Radius = 1
x=-2++5 2 ) 2
y-intercepts: (0+2) +(y—2)* =3 b. L
4+(y-2)%=9
(y-2)*=5 i
_Zzi\/g _; 1 | ; X
The intercepts are (—2—\/3, 0), (l —l)
) = 2’
(-2++5,0), (0,2-+/5), and (0,2++5).
C. X-intercepts (x——j +(0+1) _(l)
30. X2 +y?—6x+2y+9=0 2
X2—6X+y2+2y=—9 (x—lj +1—1
(x> =6X+9)+(y2 +2y+1) =-9+9+1 2 2
(x=3)° +(y+1)* =1° ( 1)2 3
x-=| ===
a. Center: (3,-1); Radius=1 2 4
Yy No real solutions
5 2 2
- y-intercepts: [O—EJ +(y+1)? :(lj
- 2 2
B 2
- S+(y+1) ==
[ Y Y T
- - : (y+1)2 =0
[ G y+1=0
- y=-1
_5_

The only intercept is (0,-1).

46
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32.

Il
[y
[N

N |-
N
N
+
VR
<
+

NG
+
7\
<
+
N, NP N

y-intercepts: (O+

N N
[l [N [N
1l Il
Nlw =
&

<

+
[
[

I+

&

|
H
N H N

y:

The intercepts are (_1;\5,0} (—1“570],

2

[0, 12\6} and (0,

—1+\/§
5 .

33.

34.

Chapter 1 Review Exercises
2x% +2y? —12x+8y—-24=0
X2 +y? —6x+4y=12
X2 —6x+y?+4y=12
(x* —6x+9)+(y* +4y+4) =12+9+4
(x=3)% +(y+2)* =5
a. Center: (3,-2); Radius=5

v

N -

h

m|.&
5
L ]

c. x-intercepts: (x—3)? +(0+2)* =5°

(x-3)° +4=25
(x-3)° =21

x—3=+21

X =3++/21

y-intercepts: (0—3)® +(y+2)? =5
9+(y+2)° =25
(y+2)° =16
y+2=14

y=-2+4
y=2 or y=-6

The intercepts are (B—Jﬁ, 0), (3+\/ﬁ, 0),
(0,—6), and (0, 2).
a. 2x%+2y?+8x+7=0
2X2 +8x+2y% =—

X2 +4x+yt=—

(< +4x+4)+y? =—%+4

T

V2
2

1
X+2) +y =—
(x+2)*+y° 5

N|§

(x+2)2 +y? (

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

b YA
S_
2,0 [
11X
-5 | 5
-5+
; . 2 2 1
c. x-intercepts: (x+2)°+(0) =5
(x+2) =+
2
x+2:i\/I
2
x+2:i£
2
X=-2+
; 2. .2 1
y-intercepts: (0+2)° +y :E
1
4+y> ==
y 2
7
2 —_— ——_—
y 2

No real solutions.

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

35. 2x2+8x+2y2:0
X2 +4x+y? =0
X2 +4X+4+y?> =0+4
(x+2)° +y? =22
a. Center: (-2,0); Radius: r=2

)

| ] 1 I
5

@

2
2

36.

c. x-intercepts: (x+2) +(0) = 22
(x+2)* =4
(x+ 2)2 =+/4
X+2=42

X=-2+2
Xx=0 or x=-4

y-intercepts: (0+ 2)2 +y?=2°
4+y*=4
y?=0
y=0
The intercepts are (—4,0) and (0, 0).

3x% +3y? 12y =0
X2 +y2—4y=0

X2 +y?—4y+4=0+4
x2+(y-2) =4

o

Center: (0,2); Radius: r=2

n =
I

The intercepts are (0, 0) and (0, 4).
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37.

38.

39.

40.

41,

42.

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

r=(-2-0)*+(3-0)° =4+9 =13

Equation: (x—0)? +(y—0)? :(«/E)Z
x2+y? =13

Center at (1, 0); containing point (-3, 2).
r=(-3-1) +(2-0) =16+4 =20 =25
Equation: (x—1) +(y—0)? :(\/5)2

(x-1)* +y? =20

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

Equation: (x—2)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

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

Center: (ﬂ,ﬂj:(_l,g)
2 2
Radius: r=+/(1-(-1))? +(4-3> =4+1=+5
Equation: (x—(=1))* +(y —3)? :(Jg)z
(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: (ﬂﬁj =(2,2)
2 2

Radius: r=+[(4-2)%+(3-2)? =4+1=15
Equation: (x—2) +(y—2)? =(\/§)2
(x-2)2+(y-2)° =5

43.

44,

45,

46.

47.

48.

49,

50.

Chapter 1 Review Exercises

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

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

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

(c); Center: (1,-2); Radius =2

(d); Center: (-3,3); Radius =3
(b); Center: (-1,2); Radius =2
(a) ; Center: (-3,3); Radius=3

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

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

square. Therefore, we get
X2 +y? =25
X2 +x2 =25
2x? =25
2

- [B-52
2 2

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

, [ 592) 2 .
A=s°= Z-T =(5x/§) =50 sq units.

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

right corner of the square be the point (x, y).
The circle and the square are both centered about

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

Therefore, we get
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51.

52.

53.

X2 +y?> =36
X2 +x% =36
2x? =36
x> =18

x =32

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

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

units. From the equation of the circle, we have
r =6 . The area of the circle is
xr? = z(6)? =367 square units,

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

The diameter of the Ferris wheel was 260 feet, so
the radius was 130 feet. The maximum height
was 270 feet, so the center was at a height of
270-130 =140 feet above the ground. Since the
center of the wheel is on the y-axis, it is the point
(0, 140). Thus, an equation for the wheel is:

(x—0)" +(y-140)" = (130)?
x2 +(y -140)* =16900

The diameter of the wheel is 520 feet, so the
radius is 260 feet. The maximum height is 550
feet, so the center of the wheel is at a height of
550 — 260 = 290 feet above the ground. Since
the center of the wheel is on the y-axis, it is the
point (0, 290). Thus, an equation for the wheel
is:
(x—=0)* +(y-290)" = 2602

x2 +(y—290)° = 67,600

x? +y? +10x+8y —3559 =0
x2 +10x+y? +8y—3559=0
X2 +10x+ 25+ y? +8y +16 = 3559 + 25+ 16
(x+5)° +(y+4)> =3600

The circle representing Earth has center (-5,-4)

and radius = /3600 = 60.

So the radius of the satellite’s orbit is
60+0.7 =60.7 units.

The equation of the orbit is

(x+5)° +(y+4)" =(60.7)’

X2 +y? +10x+8y —3643.49 =0

54,

55.

a. X2 + (mx +b)? =r?
x2 + m?x? + 2bmx +b? = r?
A+m?)x? +2bmx+b? —r? =0

There is one solution if and only if the
discriminant is zero.

(2bm)? —4(1+m?)(b? -r?) =0
4b%m? — 4b? + 4r? —4b’m? +4m?r? =0
—4b% +4r? +4m?*r? =0
-b?+r?+m’r® =0
r’@+m’)=b
b. Using the quadratic formula, the result from

part (a), and knowing that the discriminant
is zero, we get:

@A+m?)x? +2bmx+b*—r? =0
(o _—2bm _ —bm _—bmr®  —mr
2(1+m?) (sz b? b

2

r2

2

-mir?+b® r

+b= =—

b b b

c. The slope of the tangent line is m.

The slope of the line joining the point of
tangency and the center is:

2
LA,
b r2. b 1

—mr2 b — 2
( mr _Oj mr m
b

Therefore, the tangent line is perpendicular
to the line containing the center of the circle
and the point of tangency.

X2 +y? =49
Center: (0, 0)
Slope from center to (1, 4\/5) is

4@—o:ﬂ:4@'

1-0 1

Slope of the tangent line is 1 V3

43 127
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56.

57.

Equation of the tangent line is:
—/3X
—443 = x-1
y V3 2 ( )

y—43= _\/STX+£
12 12
12y 483 = —/3x++/3
V3x+12y = 4943
\/§+12y—49x/§=0

X2 +y?—4x+6y+4=0

(X2 —4x+4)+(y* +6y+9)=—4+4+9
(x-2)* +(y+3)* =9

Center: (2,-3)

Slope from center to (3, 2\/5—3) is

2%5—3-@3):2J§:2J§

3-2 1

2

Slope of the tangent line is: L =—

2 4

Equation of the tangent line:
V2
—(242-3)=-=(x-3
y-(2V2-3)=-"~(x-3)
y—Z\/§+3=—£x+ﬂ
4 4
4y -8y2 +12 = —2x+ 32

V2x+4y-11W2 +12=0

Let (h, k) be the center of the circle.
X—-2y+16=0
2y =x+16

The slope of the tangent line is % The slope

from (h, k) to (0, 8) is 2.

8-k_,
0-h
8—k = 2h

The other tangent line is y =2x-1, and it has

slope 2. The slope from (h, k) to (3, 5) is —%

5-k -1
3-h 2
10-2k =-3+h

h=13-2k

58.

59.

Chapter 1 Review Exercises

Solve the two equations in h and k :
8-k =2(13-2k)
8-k =26-4k
3k =18
k=6
h=13-2(6)=1

The center of the circle is (1, 6).

Find the centers of the two circles:
X2 +y? —4x+6y+4=0
(X2 —4x+4)+(y* +6y+9)=—-4+4+9
(x=2)2+(y+3)*> =9
Center: (2,-3)

x? +y?+6x+4y+9=0
(X2 +6x+9)+(y2 +4y+4)=-9+9+4
(x+3)?+(y+2)° =4
Center: (-3,-2)
Find the slope of the line containing the centers:
—2-(9_ 1
-3-2 5
Find the equation of the line containing the
centers:

m=

1
y+3:—g(x—2)
S5y+15=-x+2
X+5y=-13
X+5y+13=0

Consider the following diagram:
A

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

»
»
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Chapter 1: Graphs

60. C=2xr
67 =2xr
bz _2nr
2 2m
3=r
The radius is 3 units long.

61. (b), (c), (e) and (g)
We need h,k >0 and (0,0) on the graph.

62. (b), (e) and (g)
Weneed h<0, k=0,and |h|>r.

63. Answers will vary.

64. 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 =

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

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

y—
Thus, (h, k):( ,2) and r=4

Chapter 1 Review Exercises
1. B =(0,0) and P, =(4,2)
a. d(Pl,Pz):\/(4—O)2+(2—O)2
=\16+4 =20 =2./5

b. The coordinates of the midpoint are:

(X y) = [X1+X2 Y1+Y2J

2
_(Hﬁjz(izj:m)
2 22
c s|0pe —-_QL::EEZEE::E;:=EE
A -0 4 2
d. For each run of 2, there is a rise of 1.

2. B =(L-1)andP, =(-2,3)

a, d(Pl,Pz)z\/(—2—1)2+(3_(_1))2
=9+16=+25=5

b. The coordinates of the midpoint are:

2 2
:[1+(—2),—1+3

2 2
-(Z2)-3)
Ay 3-(-1) 4 4

AX  —2-1 -3 3
d. For each run of 3, there is a rise of —4.

P =(4,-4) and P, = (4,8)

a d(R.P)=(4-4) +(8-(-4))
=J0+144 =144 =12

b. The coordinates of the midpoint are:

[ XtX Yty
(><,y)—[—2 T j

(4;4] 42+8) [2 ;j (4.2)
&y _8-(4)

AX 4-4

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

c. slope= = % undefined

y=x>+4
y
9_
=2,89% [ 23
1, 5% A (1.5)
1(0,4)
I
s C 5 X

. X-intercepts: —4, 0, 2; y-intercepts: -2, 0, 2

Intercepts: (-4, 0), (0, 0), (2,0), (0,-2), (0, 2)

. 3x% =2y
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X-intercepts: y-intercepts:
3x% = 2(0) 3(0)% = 2y
2x=0 0=2y
x=0 0=y

The only intercept is (0, 0).
Test x-axis symmetry: Let y=-y
3x% = 2(-y)
3x%? =2y different
Test y-axis symmetry: Let x =—x
3(-x)? =2y

3x? =2y same

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

3(-x)* = 2(-y)
3x% =2y different

Thus the graph will have only y-axis symmetry.

4x2+y?=16
X-intercepts: y-intercepts:
4x2+(0)" =16 4(0)° +y2=16
X2 =4 y? =16
X=2,-2 y=4,-4

The intercepts are (2,0), (-2,0), (0,4), and
(0,-4).
Test x-axis symmetry: Let y=-y
4x2 +(-y)’ =16
4x? +y?=16 same

Test y-axis symmetry: Let x = —x
4(-x)* +y2=16

4x% +y®=16 same

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

4(-x)* +(-y)’ =16
4x*+y?=16 same

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

Chapter 1 Review Exercises

X-intercepts: y-intercepts:
0=x*+2x*+ y =(0)*+2(0)*+1
O=(x2 +l)(x2+1) =1

x2+1=0

x2=-1

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

Test x-axis symmetry: Let y=-y

—y=x*+2x* +1

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

y=x*+2x*+1 same

Test origin symmetry: Let x=-x and y=-y .
—y =(—x)* +2(—x)" +1
—y=x*+2x% +1

y=-x*-2x*-1 different

Therefore, the graph will have y-axis symmetry.

y? = x% —4x

X-intercepts: y-intercepts:

(0)° = x° - 4x y° =(0)°-4(0)
0=x(x-2)(x+2) Y5 =0
x=0,2,-2

y=0
x=0,x=-1x=1
The intercepts are (0, 0), (2,0),and (-2, 0).
Test x-axis symmetry: Let y=-y
(-y)° =% —4x

—y° =x®—4x different

Test y-axis symmetry: Let x = —x

Y = (-%)° - 4(-%)
y° =—x*+4x different
Test origin symmetry: Let x=—x and y=-y.

y)° = (%) -4(-x)
—y® =X +4x
y>=x*—4x same

Thus the graph will have only origin symmetry.

A a2
8. y=x"+2x"+ 10. X2 +x+y*+2y=0

53
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Chapter 1: Graphs

x-intercepts: x* +x + (0)? +2(0) =0
X2 +x=0
X(x+1) =0
x=0,x=-1
y-intercepts: (0)> +0+y? +2y=0
y2+2y=0
y(y+2)=0
y=0,y=-2
The intercepts are (-1, 0), (0, 0), and (0,-2).
Test x-axis symmetry: Let y=-y

X2 +X+(=y)> +2(-y) =0

X2 +x+y2—2y=0 different
Test y-axis symmetry: Let x =—x
(X)) +(=X)+y2+2y=0

X2 —x+y?+2y=0 different
Test origin symmetry: Let x=—x and y=-y.
(=3)% + (=) + (=)’ +2(-y) =0

x2—x+y?—2y=0 different

The graph has none of the indicated symmetries.

11. (x=h)? +(y—k)?> =r?
(x=(=3))" +(y-4)" =&°
(x+3)*+(y-4)" =25
12. (x=h)? +(y—k)? =r?
(x=(-1)) +(y-(-2)) =2

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

13. x2+(y-1)° =4
x2 +(y—1)2 =2°
Center: (0,1); Radius =2

.\.

54

14.

x-intercepts: x? +(0-1)* =4
X2 +1=4
x? =3

x=+3
y-intercepts: 0° +(y—1)2 =4
(y-D*=4

y-1=42
y=1+£2
y=3ory=-1

The intercepts are (—\/5, 0), (\/5 0), (0,-1),

and (0, 3).

X2 +y?—2x+4y-4=0
X2 —2x+y? +4y=4
(xz—2x+1)+(y2+4y+4):4+1+4
(x=1)" +(y+2)" =32
Center: (1,-2) Radius=3

nt=

(1,=2)

x-intercepts: (x—l)2 +(0+2)2 =3?
(x=1)° +4=9
(x-1)* =5
x—1=+5
x=1+5
y-intercepts: (0—1)2 +(y+2)2 =3?
1+(y+2)2 =9
(y+2)* =8
y+2=+/8
y+2=+422

y=—2+2J2

The intercepts are (1—«/3, 0), (1+\/§, 0),
(0,-2-22), and (0,-2+2V2).

Copyright © 2018 Pearson Education Ltd.



Chapter 1 Review Exercises

15. 3x? +3y? —6x+12y =0 y =—4. The line does not have a slope-intercept

x> +y? —2x+4y=0 form.

X2 —2x+y? +4y=0 18. y-intercept = —2; containing (5,~3)

Poi - -2
(x2 —2x+1)+(y2 +4y+4) =1+4 omtigrie ((5,3)3) agd © 1)

m _ —
y=mx+b
Center: (1,-2) Radius = J5 1
v y=—-—Xx-2 or x+5y=-10
0 5
B 19. Containing the points (2,-3) and (4, 1)
= ; 1-(-3) 4
L1111 L1 g m= =—=2
5 [ 5 4-2) 2
e -y, =m(x—x
B (1. —2) Y=y =m(x-x)
_sk y—(-3)=2(x-2)
y+3=2x-4
x-intercepts: (x—1)2+(0+2)2 :(\/5)2 y—2x+7=0
(x—1)2+4:5 20. Parallel to 2x—3y =—4
(X—1)2:1 2X—3y:_4
X-1=+1 —3y=-2x-4
x=1+1 3y _—2x-4
x=2 or x=0 -3 -3
. _2..2
y-intercepts: (0— g y+2 ( 5) Y—S 3
(y+2) =95 Slopezé; containing (-5,3)
(y+2) =4
y+2=142 y=yi=m(x-x)
2
y=-2%2 y— =§(x_(_5))
y=0 or y=-4 )
i - -3=—(x+5
The intercepts are (0,0), (2,0), and (0,-4). y 3( )
16. Slope = -2; containing (3,-1) y—3:%x+%
Y=Y =m(x-x)
—gx+B or 2x-3y=-19
y—(-1)=-2(x-3) Y—3 3 y=
y+1=-2x+6
y=-2X+5 or 2x+y=5 21. Perpendicularto x—y =3
X—y=3
17. Horizontal; containing the point (1, -4) y=x-3

Vertical lines have equations of the formy = a,
where a is the y-intercept. Now, a vertical line
containing the point (1, —4) must have a
y-intercept of —4, so the equation of the line is

The slope of this line is 1, so the slope of a line
perpendicular to this line would be 1.
Slope = -1; containing the point (-3,5)

55
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Chapter 1: Graphs

Y=Yy =m(X—x)
y—-5=(-D(x-(-3))
X+y-8=0
X
22, 4x-5y=-20 é J
-5y =-4x-20
4
=—Xx+4
y 5
slope = 4. -intercept = 4
Pe=35Y PL= 24, 2x-3y=12
x-intercept: Lety =0. x-intercept: y-intercept:
4x-5(0)=-20 2x—3(0) =12 2(0)-3y =12
4X = —20 2x=12 -3y=12
x=-5 X=6 y=-4

The intercepts are (6,0) and (0,-4).
7
5k
B (6,0)
| T T | L1111
-5 # X

/_ (0, —4)

23. 1x—ly:—l 1 1
2 3 6 25. =x+=y=2
1 1.1 2 3 _
73 y= _EX "5 xl-mterlcept: yl-lnterceipt:
y=§X+1 §X+§(O):2 E(O)+§y:2
2 2 n 1
slope = 3. y-intercept=1 2%=2 3v=2
2 2
Xx=4 y=6

x-intercept: Lety =0.

1 1 1 The intercepts are (4,0) and (0, 6).

—x-=(0)=-= ;
2 3( ) 6 .:;_
1 1 \_
—X=——
2 6
1
X=—=
3

56
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26.

27.

30.

y =X
,r
M ¥ \
/(1. 1)
L1111 I
—3 s
(0,0)
(-1.—1)
y=+x
.‘j
5: y=Vux
[ (1.1) ?
N @2 O
I T T "o T T T T T Y T
=5 A 5 10
[ (0.0)
Given the points A=(Y, 2), B=(, 6),and

C=02).

a. Find the distance between each pair of
points.

d(AB)=(6-2)"+(1-1)?
=16 +0 =4
d(B,C)=+/(6-2)*+(5-1)
=16+16 =42
d(AC)=y6-17+(2-2?°
=16 +0 =4
[d(AB)]'+[d(AC)] =[d(B.C)T
4% 4 42 :(4\/5)2
16+16 =32
32=32

Chapter 1 Review Exercises

28. slope = % containing the point (1,2)

v\ /

29. Find the distance between each pair of points.
dA,B = \/m = m =5
d.c =\/(5-(-1)* +(6-(-2))* =36+ 64 =10
dpc =\@-(-2)7 +(2-(-1)* =V16+9 =5

Since AB = BC, triangle ABC is isosceles.

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

b. Find the slopes:

»
|
N

z 2 2
O O [o:]
I I Il
| ‘
|
No D> OIM
1
[

[
8

o o
[
Sl D L
Il
Il
o

Since AB is a line parallel to the y-axis and
AC is a line parallel to the x-axis, the sides
AB and AC are perpendicular and the
triangle is a right triangle.

31. Endpoints of the diameter are (-5, 4) and (5, 10).
The center is at the midpoint of the diameter:

Center: (#ﬂ

20)-(07)
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Chapter 1: Graphs

Radius: T =+/(0-5)% +(7—-10)2
=/25+9 =434
Equation: (x—0)2+(y—7)2

(5
X2 +(y—7)2 =34

3

32. slopeof AB=——=—4
13 2 (0, —9)
slope of AC = 3=CEH_
2-3 5. y?=x
Therefore, the points lie on a line. y
g 9.3)
AL
Chapter 1 Test 0, HN 10 X
L d(R,P)=(5-(-D) +(-1-3) T aye
5+ ’
= /62 +(-4)
=+/36+16
_ 52 =213
, - 6. xX2+y=9
2. The coordinates of the midpoint are: . i . )
X 4% Yoty x-intercepts: y-intercept:
(xy)= (1 2 A 2] x*+0=9 0 +y=9
2 _ =9
1+5 3+( 1) X" =9 y
42 The intercepts are (-3,0), (3,0), and (0,9).
=(§’ EJ Test x-axis symmetry: Let y =—y
=(2,1) X2 +(-y)=9
y 13 4 2 x? —y =9 different
3 a 2 1 =—=-= axi : __
x —X1 “5_ ( ) 6 3 Test\z/ axis symmetry: Let x =—X
. . _ (-x)"+y=9
b. If x increases by 3 units, y will decrease

X?+y=9 same
Test origin symmetry: Let x=—x and y=-y
4. y=x*-9 (—x)2+(—y):9
x? —y =9 different
Therefore, the graph will have y-axis symmetry.

by 2 units.
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Chapter 1 Test

7. Slope = —2; containing (3,-4) y
Y=Yy =m(x-Xx) 5:
y—(-4)=-2(x-3) 5y D
y+4=-2x+6 (= i [
| |

AY

\ .
(0,2)

(1,0)
1||1S\|/|||1v1 10. 2x+3y=6

1
-5 5

y=-2X+2 —5\// 5X

B 3y=-2x+6
— 2
— (3,-4) =——X+2
5k y 3
) . Parallel line
8. (x-h)*+(y-k) =r Any line parallel to 2x+3y =6 has slope
2 2 g2
(X‘4) +(y—(—3)) =5 mz—g. The line contains (1,-1):
(x—4)2+(y+3) =25 3
) ) Y=Y =m(X-%)
General form: (x—4)"+(y+3)" =25 2
2 2 y-(-D)=--(x-1
X°—8X+16+y +6y+9=25 3
X2 +y? —8x+6y =0 y+1=_gx+3
3
0. X2 +y? +4x-2y-4=0 y:—zx—1
X2 +4x+y2-2y=4 3 3
O +4x+4)+(y* -2y +1) =4+4+1 Perpendicular line
(x+2)2 +(y-1)? =32 Any line perpendicular to 2x+3y =6 has slope
Center: (-2, 1); Radius = 3 ng. The line contains (0, 3) :
Y=Y =m(X-x)
3
~3=2(x-0
y 2( )
3
-3==X
y 2
3
=—X+3
y 2

Chapter 1 Project

Internet Based Project
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Chapter 2

Functions and Their Graphs

Section 2.1

1. (-13)

10.

11.

:12+10—1
2

=£ or 21% or 21.5
2

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

3-2x>5
—2X> 2
x<-1
Solution set: {x|x <—1} or (—o0,~1)

I
-1 0
J5+2
radicals
independent; dependent
[0.5]

We need the intersection of the intervals [0,7]
and [-2,5]. That is, domain of f ~domain of g .

< 1 1 | L L L L '1~f

T T T | - T T T T T
-2 0 5 7

~t— > g
-2 0 5 7
—————————— g
-2 0 5 7

#:f9

(9-1)(x) or g(x)-f(x)

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

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

12.

13.

14.

15.
16.
17.
18.

19.

20.

21.

22.

23.
24,

25.

26.

27.
28.

True

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

2

False; the domain of f (x)= X =4 {x]x=0}.

a
c
d
a

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

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}

Not a function

Not a function

Function
Domain: {-2,-1, 3, 4}
Range: {3,5,7, 12}

Function
Domain: {0, 1, 2, 3}
Range: {-2,3,7}

Function
Domain: {1, 2, 3, 4}
Range: {3}

Not a function

Not a function
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29.

30.

31

32.

33.

34.

35.

36.

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

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

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

/

Graph y =2x* —3x+4. The graph passes the
vertical line test. Thus, the equation represents a

function.

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

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

test. Thus, the equation represents a function.

—

y =+v1-2x
For x=0,y=41. Thus, (0, 1) and (0, -1) are on

the graph. This is not a function, since a distinct x-
value corresponds to two different y-values.

y2 =4y
Solvefor y: y=+v4-x°
For x=0,y=%2. Thus, (0, 2) and (0, -2) are on

the graph. This is not a function, since a distinct x-
value corresponds to two different y-values.

37.

38.

39.

40.

41,

Section 2.1: Functions

2

X=y
Solve for y: y=x+x
For x=1,y=41. Thus, (1, 1) and (1, -1) are on

the graph. This is not a function, since a distinct
x-value corresponds to two different y-values.

x+y%=1

Solve for y: y=+/1-x

For x=0,y=41. Thus, (0, 1) and (0, -1) are on
the graph. This is not a function, since a distinct x-

value corresponds to two different y-values.
3x-1 .

Graph y = a2 The graph passes the vertical
X+

line test. Thus, the equation represents a
function.

/

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

X2 —4y? =1
Solve fory: x*—4y? =1
4y* =x? -1
, x2-1
4
+/x* -1
2

For x=+/2, y:i%. Thus, [\/5%] and

(ﬁ—%) are on the graph. This is not a

function, since a distinct x-value corresponds to
two different y-values.
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Chapter 2: Functions and Their Graphs

42,

43.

g.
h.

44,

2x% +3y% =1
Solve fory: 2x*> +3y? =1
3y? =1-2x?
, 1-2x2
3
gyt 1-2x2
3

For x=0,y = J_r\/1 . Thus, [O\/i] and
3 3
1 -

[0, —\g] are on the graph. Thisis nota

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

f(x)=3x*+2x-4

a. f(0)=3(0)*+2(0)-4=-4

b, f(1)=3(1)

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

—x)2 +2(-x)—4=3x*-2x-4

|
x
~
Il
w
—

e. —f(x):—(3x2+2x—4):—3x2—2x+4
f. f(x+1):3(x+1)2+2(x+1)—4
=3(x2 +2x+1)+2x+2—4

=3x2 +6X+3+2x+2—4

=3x% +8x+1
f(2x)=3(2x)* +2(2x) -4 =12x° + 4x 4
f(x+h)=3(x+h)*+2(x+h)-4
:3(x2+2xh+h2)+2x+2h—4
=3x? +6xh+3h?+2x+2h-4

f(x)=-2x*+x-1

a. f(0)=-2(0)+0-1=-1

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

c. f(-1)=-2(-1)"+(-1)-1=-4

d. £ (-x)=-2(=x)" (%) -1=-2x" =x-1

62

45.

e —f(x):—(—2x2+x—l)=2x2—x+1

f. f(x+1):—2(x+1)2+(x+1)—1
=—2(x2+2x+1)+x+1—1
=—2x% —4x-2+x
=-2x*-3x-2

g f(2x)=-2(2x)" +(2x)-1=-8x2 + 2x -1

h.  f(x+h)=-2(x+h)*+(x+h)-1
:—2(x2+2xh+h2)+x+h—1
=—2x* —4xh-2h* + x+h-1

X2 -1
f(x)=
(X) X+4
2
a f(o):o_lJ—l:—l
0+4 4 4
2
b f(1)=l 1.0,
1+4 5
~1)* -1
e 1= 0,
144 3
2
g (oot Xt
-X+4 —x+4
e —f(x)=- x*-1) —x*+1
' o x+4 ) x+4
2
Eof 1)=(X+1) -1
(x+1)+4
:x2+2x+1—1:x2+2x
X+5 X+5
o f(an- 2L 4
' CO2X+4 2x+4
h f(x+h)_(x+h)2—1_x2+2xh+h2—l
' C(x+h)+4  x+h+4
X
f(x)=
() X2 +1
0 0
a f(0)= =—=0
(0) 02+1 1
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47.

1 1
b. f(1)= -
) 1?41 2
-1 -1 1
. -1)= = —_-
¢ (-2) (_1)2+1 141 2
—X —X
(=X) (—x)2+1 X2 +1
X —X
e. —-f(x)=- =
(x) (xzﬂj X2 +1
£ f(x+l)=—2
(x+1)"+1
_ x+1
X2 +2x+1+1
x4+l
X% +2X+2
2X 2X
. f 2X = =
: (2x) (2x)2+1 4x% +1
h. f(x+h)= XH; =— X+h2
(x+h) +1 X +2xh+h°+1
f(x)=Vx* +x
a. f(0)=v0°+0=+0=0
b. f(1)=v2+1=+2
e 1D =2 +(-2)=VI-1=\0 =0
d 10 =R (5 =N
e. —f(x):—(\/x2+x):—\/x2+x
f. f(x+1)= (x+1)2+(x+1)
— x4 2x+1+x+1
=/X? +3X+2
9. f(2x)= (2x)2+2x:\/4x2+2x
h. f(x+h)= (x+h)2+(x+h)

X2 +2xh+h%+x+h

Section 2.1: Functions

48. f(x)=|x|+4
a. f(0)=|0[+4=0+4=4

(

b. f(1)=|1|+4=1+4=5
(
(

c. f(-1)=|-1|+4=1+4=5
d. f(-x)=|-x|+4=|x|+4
. 1 (0=~(|x]+4)=x|-

£ f(x+1)=|x+1|+4
g f(2x)=|2x|+4=2|x|+4

h.  f(x+h)=|x+h|+4

1
49. f(x)=1-
) (x+2)*
1 1 3
: f(o)_l_(0+2)2:1_Z:Z
1 1 8
b T)= _(1+2)2:1_§_§
1
c f(_l):1_(—1+2)2:_i_
1
d f(-x)=1-
(= (—x+2)2
e. —f(x)=-|1- ! J: 1 -1
) {(X+2)2 (x+2)°
f. f(x+1)=1- ! ~=1- 1 .
(x+1+2) (x+3)
1 1
o =1_(2x+2)2 T a(xr1)
1
h f(x+h):1—(x+h+2)2
o -2
a (020t 041 1
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Chapter 2: Functions and Their Graphs

b f(1)=2(1)+1=E:_=_§
3(1)-5 3-5 -2 2
. f(_l)_Z(—1)+l -2+1 -1 1
©3(-1)-5 -3-5 -8 8
q f(__)()22(——><)+1=—2x+1=2x—1
3(-x)-5 —-3x-5 3x+5
. _f(x):_(2x+1j:—2x—1
3x-5 3x-5
; f(X+1)_2(x+1)+1_2x+2+1_2x+3
C3(x+1)-5 3x+3-5 3x-2
o f(2x)- 2(2x)+1  4x+1
3(2x)-5 6x-5
h f(X+h)—2(X+h)+1=2X+2h+l
3(x+h)-5 3x+3h-5

51. f(x)=x*+2

Domain: {x| X is any real number}

52. f(x)=-5x+4
Domain: {x| x is any real number |

X2
X2 +1
Domain: {x| X is any real number}

53. f(x)=

X

X% +1

Domain: {x| x is any real number |

54. f(x)=

X
x?-16
x?-16 %0

X2 #16 = X = +4
Domain: {x|x# -4, x = 4

55. g(x)=

2X
56. h(x)=
) X2 —4
X2 —420

X2 4= X %42
Domain: {x| X #—2, x¢2}

64

57.

58.

59.

60.

61.

62.

X(x* —4)#0
x=0, x>=4
x#0, xX#x2

Domain: {x| X#-2,X#0, X% 2}

X—=2

X3 +x

X+ x#0

x(x?+1) =0
2

x#0, x“=-1

F(x)=

Domain: {x| x#0

G(x)=41-x
1-x>0
—x>-1
x<1

Domain: {x| X sl}

h(x) =+/3x-12
3x-12>0
3x>12
X>4
Domain: {x|x >4}

4
(00=7—
x-9>0

Xx>9
Domain: {x| x> 9}

(2 2
p(x) = 1 1

X-1>0
x>1
Domain: {x| X >1}
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63.

64.

65.

66.

67.

— —X
a0 =753
-Xx-2>0

-X>2

X<-2

Domain: {x|x < —2}

X
X—4

f(x)=

x—4>0
X>4
Domain: {x| X > 4}

Jz+3

===

z+3>0
z>-3

Also z—-2=0
72#2

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

)

P(t) =
® 3t-21

t-4>0

Also 3t-21=0

3t-21+#0
Agt=21
t=7

Domain: {t[t>4,t =7}

f(x)=3x+4 g(x)=2x-3
a. (f+g)(x)=3x+4+2x-3=5x+1

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

b. (f-g)(xX)=Bx+4)-(2x-3)
=3Xx+4-2Xx+3
=X+7

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

68.

c. (f-g9)(x)=0Bx+4)(2x-3)
= 6x% —9x +8x—12
=6x% —x—12
Domain: {x|x is any real number} .
d 1 (X):3x+4
g 2x-3
2x—3¢0:>2x¢3:>x¢%
Domain: {x x¢§}.
2
e. (f+9)3)=513)+1=15+1=16
f. (f-9)4)=4+7=11
g. (f-0)(2)=6(2)*-2-12=24-2-12=10
h 1(1)=3(1)+4=M=l=_7
g 20)-3 2-3 -1
f(x)=2x+1 g(x)=3x-2
a. (f+g)(x)=2x+1+3x-2=5x-1
Domain: {x|x is any real number} .
b. (f-9)(X)=2x+1)-(3x-2)
=2X+1-3x+2
=—-X+3
Domain: {x|x is any real number} .
c. (f-9)X)=(2x+D(3x-2)
=6x% —4x+3x—-2
=6x° —x—2
Domain: {x| X is any real number} .
d (ij(x):2x+l
g 3x-2
3x—-2+0
2
X#E2=>X#—
3
Domain: {x x¢g}.
3
e. (f+9)3)=53)-1=15-1=14
f. (f-9)4)=-4+3=-1

Section 2.1: Functions
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Chapter 2: Functions and Their Graphs

9. (f-9)(2)=6(2)°-2-2
= 6(4)-2-2
=24-2-2=20

[ij(l)=2(1)+1=ﬂ=§=3
g 3W-2 3-2 1

69. f(x)=2x*+3 g(x)=4x>+1
a. (f+g)(x)=2x>+3+4x>+1

=43 +2x° +4

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

b. (f—g)(x)=(2x2+3)—(4x3+1)
=2x%+3-4x-1
=—4x3+2x%+2

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

c. (f-9)x) :(Zx2 +3)(4x3 +1)

=8x° +12x3 +2x* +3

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

d [i](x)zzx%s
g

a5 +1

4x3+120

453 = -1
3
X3¢—£:>X¢3—£=—£
4 4 2
3
Domain: {x x¢—%}.

e. (f+0)3)=4(3)°+2(3)° +4
=4(27)+2(9) + 4
=108+18+4 =130

f. (f-0g)(4)=-4(4)°+2(4)* +2
=-4(64)+2(16) + 2
=-256+32+2=-222

70.

g (f-9)(2)=8(2° +12(2)° +2(2)* +3
=8(32)+12(8) +2(4) +3
=256+96+8+3=2363

h [ij(l :2(1)2+3:2(1)+3:2+3:§:1

g 40°+1 4M)+1 441 5
f(x)=x-1  g(x)=2x°

a. (f+9)(x)=x-1+2x* =2x* +x-1

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

b. (f-g)()=(x-1-(2x%)
=x-1-2x?
=-2x2+x-1

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

c. (f-g)(x)=(x-D(2x?)=2x>-2x2

Domain: {x|x is any real number} .
f x-1
d |— =—
( g j(x) 2x°
Domain: {x|x#0}.

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

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

g (f-9)2)=2(2)°-2(2)*
=2(8)-2(4)
=16-8=8

f 1-1 0 0
h. - 1 = :—:—:0
(g)() 2> 20 2
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71.

72.

f(x) =] x|

a.

b. (f-g)(x) =|x|-x
Domain: {x| X is any real number} .
c. (f-g)(x)=|x|-x=x|x|
Domain: {x| x is any real number} .
(gt
g X
Domain: {x|x = 0}.
e. (f+9)d@=|3|+3=3+3=6
f. (f-0)@4)=|4]|-4=4-4=0
0. (f-9)2=2|2|=2-2=4
AP
" [Ej(l"TTl
f(x)=vx  g(x)=3x-5
a. (f+g)(x)=vx+3x-5
Domain: {x|x>0}.
b. (f-g)(X)=+x—(3x—5)=~/x-3x+5
Domain: {x|x=0}.
. (f-g)(xX)=+/X(3x=5) =3x/x —=5x
Domain: {x|x=0}.
(oo
g 3x-5
x>0 and 3x-5%0
3x¢5:>x;tE
3
Domain: {x szandx;tg}.
e. (f+0)(3)=+3+3(3)-5
=3+9-5=+/3+4
f. (f-g)(4)=v4-3(4)+5

g(x)=x
(f +9)(X) =| x| +x

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

=2-1245=-5

67

g (f-9)(2=32v2-52
=6v2-5v2 =42
h (LJ(D: 1 11
g 3()-5 3-5 -2 2
73. f(x)=+/x-1 g(x)=+4-x
a (f+g)(X)=vx-1++4-x
x=1>0 and 4-x>0
x>1and —x>-4
x<4
Domain: {x| 1<x<4}.
b. (f-g)(x)=vx-1-v4-x
x=1>0 and 4-x>0
x>1and —x>-4
x<4
Domain: {X| 1<x<4}.
. (f-g)(x):(\/x—l)( 4—x)
=+-x? +5x—4
x=1>0 and 4-x>0
x>1and —x>-4
x<4
Domain: {x| 1<x<4}.
f Jvx-1 x-1
d |— == |—=
=
Xx=1>0 and 4-x>0
x>1and —x>-4
X<4
Domain: {X| 1<x<4}.
e. (f+9)3)=+3-1+/4-3
= 2+«/i:\/§+1
f. (f-g)d)=v4-1-/4-4
V3 \G=\3-0-13
9. (f-9)(2=y-(2)°+5(2)-4
_ A 10-4 =2
h.

Section 2.1: Functions
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Chapter 2: Functions and Their Graphs

1 1 N
74 T0)=1+ 900 =— . (f-g))=xe1. 2o 2xHt
1 1 x+1>0 and x¢0
a (f+9)(x)=1+= +;_l+— x> 1
Domain: {x| x0}. Domain: {x|x>-1,and x # 0} .
11 VX+1  xyx+1
b. (f-g)x)= l+———:l d. (J()_ 5 =
X Z 2
Domain: {x|x¢0}. X
Xx+1>0 and x=0
C. (fg)(x):(l+lj£:l+% x>-1
X)X X x Domain: {x| x> -1, and x = 0}.
Domain: {x|x¢0}.
e. (f+g)@3)=+3+1 +— J_+—: 2.8
1 1 x+1 ' 3 3
d i (x) = +;—T—X+l-§—x+1 2 1
" g 11 x 1 f. (f-g)d) =4+ —TI—E
X X
in: . 242+1 243
Domain: {x| x # 0} 9. (f-g)@2)= > :T:\@
2 5
e. (f+9))= 1+§ 3 h (fJ(l) Wi+l 2
“lg)Y 2 2
f. (f-9)@d) =1
1 1 1 1 3 2X+3
. (f- e e 76. f(x)= -
g (f-9)2 2"y >t 1712 (x) = - g(x) = x_2
2x+3 4x
h (ij(l):m:z a (f+g)= v
: _2x+3+4x_6x+3
2 © 3x-2  3x-2
75. f(x)=+x+1 g(x)=; 3x-2=0
2 3x¢2:x¢%
a (F+g)(X)=+vx+1+—
X Domain: {x‘x;ﬁ;}.
Xx+1>0 and x=0 3
Xx>-1 2x+3 4x
. f - =
Domain: {x|x>-1,and x = 0} . b (T -9)(0) = —2 3x-2
) 2x+3 4x —2x+3
b. (f-g)(X)=+vx+1-= 3x-2 3x-2
X 3x-2=%0

Xx+1>0 and x=#0 5
x>-1 IX#£2=> X#—

3

Domain: {x|x2—1,andx¢0}. )
Domain: {x x:tg}.

68
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Section 2.1: Functions

2x+3)( 4x 8x% +12x 1 f X+1
C. f. = 78. f(xX)== — [(x) =
(F-9)x)= ( J[ax—zj (3x—2)? W= £g]() x? - X
3x-2#0 1
2 Xx+1 _ ;
3x¢2:>x¢§ x2—x  g(x)
. 2 1
Domain: {x x¢—}. o 1 x2—x
3 9(x) = ==
X+1 X x+1
2X+3 X2 —x
d ( J(X) 3)21 2 _2x+3 3x-2 _2x+3 1 x(x-D)_x-1
X 3x-2 4x ax X X+1  x+1
3x-2
3x—2#0 and x=0 79. f(x)=4x+3
3x#2 f(x+h)—f(x) 4(x+h)+3-(4x+3)
w22 h h
3 _ 4x+4h+3-4x-3
. 2 - h
Domain: {x|x#—andx=0;. ah
3 :—:4
h
6(3)+3 18+3 21
e. f+ 3) = = =—=
(T+96) 33-2 9-2 7 80. f(x)=-3x+1
f (f_g)(4)—_2(4)+3—_8+3—__5—_1 f(x+hr)]—f(x)=—3(x+h)+;—(—3x+1)
-2 12-2 102 _ —3x—3h+1+3x-1
8(2)? +12(2 - h
0. (1= 128 L
(3(2-2) :T:_S
_8(4)+24 32+24 56 7
(6- 2) (4)2 16 2 g1 f()=3x*+2
h [1)p_20+3_2+3 5 T+ - 1(x)
' Ty 4 4 h
_3(x+h)?+2-(3x° +2)
1 - h
77. f(x)=3x+1 f+0)(X)=6-=x
) (F+9)(x) 2 _ 3x?+6xh+3h?+2-3x* -2
6—£x:3x+1+g(x) h
2 _ 6xh+3h?
5-Lx=g(x) h
2 =6x+3h

7
—5__
9(x) X

69
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Chapter 2: Functions and Their Graphs

82. f(x)=x*-4 85, f(x)=—
f(x+h)— f(x) X+3
h 1
_(x+h)2—4—(x2—4) f(X+hr)]—f(X):x+h+ﬁ X+3
) hz ) X+3-(x+3+h)
_X +2xh+h“-4—-x“+4 W
- - faehed)(urs)
2xh + h?
=7 [ x+3-x-3-h [lj
=2x+h L (x+h+3)(x+3) \h
—h 1
83. f (X) :3)(2 —2X+6 :(W][Fj
f(x+h)—f(x) 1
h =(x+h+3)(x+3)
2 2
[3(x+h) —2(x+h)+6]—[3x —2x+6}
B h 86. f(x)=—
X
3(X +2xh+h?)-2x-2n +6-3x* + 2x 6 11
) h Fxrh)-f(x) _ (x+h)® x°
:3x2+6xh+3h2—2h—3x2:6xh+3h2—2h h - h
h h xz—(x+h)2
=6x+3h-2 m
84, f(X)=x*>—-x+4 B h
f(x+h)— f(x) X—(x* +2xh+h?)
h xz(x+h)2
C(x+h)2 —(x+h)+4—(x* —x+4) = h
h (1) —2xh—h?
X2 +2xh+h? =x—h+4-x> +x-4 “h xz(x+h)2
B h
2 1h(-2x-h)
_2xh+h’—h :(sz—hz
h x“(x+h)
=2x+h-1 -2x—h _ —(2x+h)

X2 (x+h)2 X2 (x+h)2

70
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5(x+h)  5x

X+h-4 x-4

5x

87. f(x) =2
) X—4
f(x+h)-f(x)
Y _
88. Fx) =25
X+3

fx+h)-f(x) _

h
5(x+h)(x—4) —5x(x—4+h)

(x+h-4)(x-4)

h
5x% — 20x + 5hx — 20h — 5x* + 20x — 5xh

(x+h—4)(x—4)

( —20h V(1

L X+h-— 4 )(Fj
20

(x+h-4)(x-4)

2(x+h)  2x
Xx+h+3 x+3

h

h
2(x+h)(x+3)—2x(x+3+h)
(x+h+3)(x+3)
h
2x% +6x + 2hx + 6h — 2x° —6x — 2xh

(x+h+3)(x+3)

h

{ x+h+6§ x+3j(%]
6

- (x+h+3)(x+3)

89.

90.

91.

Section 2.1: Functions

f(x)=+x+1

F(x+h)=(x)
h
:\/x+h+1—\/m

Jx+h+1 IXH1 Jx+h+1+4/x+1

h VX+h+1+4/x+1

_ X+h+1-(x+1) _ h

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

_\/x+h+1+\/x+1

f(x): X—2

f(x+h)-f(x)
h
:\/m—m
h

CAX+h=2-x=2 x+h-2+x-2
B h \/m+m
_ Xx+h-2-x+2
h(er\/E)
h

- n(Jirh-2+x-2)
1
T xih-2+yx-2

31=x*-3x+3
0=x*-3x-28
0=(X+4)(x-7)
X+4=0 or x—-7=0
X=-4 or x=7

The solution set is: {—4,7}
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Chapter 2: Functions and Their Graphs

92. —lzix—E
16 6 4
7 3 5
- —=—X
16 4 6
5 7 12
—X =4 —
6 16 16
5 5
—X=—
6 16
(583 9%8.
16 5 8

The solution set is: {g}

99.

93. f(x)=2x>+Ax*+7x-5 and f(2)=5
f(2)=2(2°+A(2)?*+7(2)-5
5=16+4A+14-5
5=4A+25

20 _

A= -5

4 101.

94. f(x)=3x*-Bx+4 and f(-1)=12:
f(-1) =3(-1)° -B(-1) +4
12=3+B+4
B=5

3X+8

2x—A
_ 3(0)+8
- 2(0)-A

95. f(x)= and f(0)=2

f(0)

2=2
-A

~2A=8
A=-4

2Xx—-B 1
96. f(x)= and f(2)==
) 3x+4 ) 2

_2(2)-B
C3(2)+4
4-B

f(2)

1
2 10
5-4-B
B=-1

72

100.

8 102.

103.

97. Let L represents the length of the rectangle,
then, 2L represents the width of the rectangle,
since the width is twice the length the function

p(L)=2(L+2L)
- 2(3L)

= 6L

p(L)=6L

for Perimeter is

Let x represent the length of one of the two equal
sides. The function for the area is:

1 1.,
A(X)==-X-Xx==X
() =7 )

Let x represent the number of hours worked.
The function for the gross salary is:
G(x)=17x

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

a. P isthe dependent variable; y is the
independent variable
b.  p(40) = 0.028(40)? — 2.678(40) + 263.590
=44.8-107.12+263.590
=201.270
In 2005 there are 201.270 million people
who are 40 years of age or older.
c. P(0)=0.028(0)> —2.678(0) + 263.590

=263.590
In 2005 there are 263.590 million people.

a. N isthe dependent variable; r is the
independent variable
b. N(3)=-1.35(3)? +15.45(3) - 20.71
=-12.15+46.35-20.71

=13.49
In 2012, there are 13.49 million housing
units with 3 rooms.

a. H(L3)=31-49(1.3)
=31-8.281
= 22.719 meters.
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104. a.

H(x)=14
14 =31-4.9%°
17 =—4.9x°

x? ~3.46938
X = 1.86 seconds.

H (x):O
0=31-4.9x?
—31=-4.9x>

x? ~ 6.326553
X = 2.52 seconds

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
H(x)=15
15=20-13x*
-5 =-13x*
x? ~0.3846
X =~ 0.62 seconds
H(x)=10
10 = 20-13x?
~10 = -13x?
x? ~0.7692
X ~ 0.88 seconds
H(x)=5
5=20-13x*
-15=-13x?
x? ~1.1538
X = 1.07 seconds
H(x)=0
0=20-13x?
-20=-13x?
x? ~1.5385
x = 1.24 seconds

105.

106.

107.

108.

109.

110.

73

Section 2.1: Functions

C(x) =150+ + 3.900
15 X

550 36000

550
=150+36.67 +65.45

=$252.12

500 36000
500
=150+33.33+72

=$255.33

650 36000
650
=150+43.33+55.38

=$248.72
450 36000

15 450
=150+30+80

=$260

A(X) = 4xy1-X?

a. C(550)=150+

b. C(500)=150+

o

C(650) =150+

d. C(450)=150+

=—~1.26 ft
o A et
=3 ~1.731t?
R RO
=%z1.99 ft?
9
{5
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Chapter 2: Functions and Their Graphs

111. a.

112.

113.

118.

p(x) = R(x) - C(x)

- (—1.7x2 + 320x) —(o.oex3 —3x% +85x + 400)
=-1.7x* +320x — 0.06x> —3x* —85x — 400
=-0.06x% +1.3x> + 235x — 400

b. p(12)=-0.06(12)° +1.3(12) + 235(12) — 400
=-103.68+187.2 + 2,820 — 400

= $2503.52

¢.  When 12 hundred cell phones are sold, the
profit is
a. P(xX)=R(X)-C(x)
= 30x—(0.1x% +7x+400)
=30x—0.1x* — 7x—400
=-0.1x* +23x— 400
b. P(30) =-0.1(30)% +23(30) — 400
=-90+690-400
=$200
c.  When 30 clocks are sold, the profit is $200.

a. R(V)=22Vv
B(V)=0.03v2 +0.3v-13
D(V)=R(V)+B(V)
=22V +0.03V? +0.3V -13
=0.03v?+25V -13

b. D(50) = 0.03(50)% + 2.5(5) —13
=75+125-13
=187

c. The car will need 187 feet to stop once the
impediment is observed.

(x+12)% +y? =16
x-intercept (y=0):
(x+12)? +0? =16
(x+12)? =16
(x+12) = +4
x=-12+4
X=-16,x=-8
(-16,0),(-8,0)
y-intercept (x=0):

114. a.

115.

116.

117.

h(x)=2x
h(a+b)=2(a+b)=2a+2b
=h(a)+h(b)
h(x) =2x has the property.
b. g(x)=x*
g(a+b)=(a+b)’ =a?+2ab+b?
Since
a’®+2ab+b*#a*+b’=g(a)+g(b),
g(x) = x* does not have the property.
c. F(x)=5x-2
F(a+b)=5(a+b)-2=5a+5b-2
Since
5a+5b-2#5a-2+50-2=F(a)+F(b),
F (x)=5x—2 does not have the property.

d G(x)=

G(a+b)=$¢§+%:6(a)+6(b)

G(x)=

1 does not have the property.
X

No. The domain of fis {x| x is any real number} ,

but the domain of g is {x| x = -1}

Answers will vary.
3x—x°3
(your age)

(0+12)% +y* =16
(12)%+y* =16
y? =16-144 = —128

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

Symmetry: (x+12)2 +(-y)* =16
(x+12)* +y? =16
This shows x-axis symmetry.

119. y=3x%-8Jx

y=3(-1)% -8J-1
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120.

121.

There is no solution so (-1,-5) is NOT a solution.
y =3x2 —8Vx
y =3(4)* -84

=48-16=32
So (4,32) is a solution.

y =3x% —8/x

y =3(9)° -89
=243-24=219=171

So (9,171) is NOT a solution.

A= (3’ _4)! P, = (_6’0)

The formula for midpoint is:

2 2
(3+(-6) —4+0)
2 2

23
(31

N w

(hk)=(4,-)andr=3

The general form of a circle is:
(x=h)* +(y—k)* =r?
(x=4)" +(y-(-D)* = (3)°
(x—4)" +(y+1)° =9

Section 2.2

1.

x2 +4y% =16
X-intercepts:
X +4(0)" =16
x* =16
x=+4=(-4,0),(4,0)

10.

11.

Section 2.2: The Graph of a Function

y-intercepts:
(0)" +4y* =16
4y* =16
y' =4
y=+2=(0,-2),(0,2)

False; x=2y-2

-2=2y-2
0=2y
0=y

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

vertical
f (5) =-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.

False; e.g. y = % .

. True

c
a
a. f(0)=3since (0,3) is on the graph.

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

b. f(6)=0 since (6, 0) is on the graph.
f (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, and x =10.

f. f(x)>0when —3<x<6, and10< x<11.

g. The domain of fis {x|-6<x<11} or
[-6,11].

h. Therange of fis {y|-3<y<4} or
[-3.4].
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Chapter 2: Functions and Their Graphs

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

a. Domain: {x|-m<x<m};
j.  They-intercept is 3. Range: {y| 1< ysl}
k. Theline y= 1 intersects the graph 3 times. T -
2 b. Intercepts: (——,Oj, (—,0), (0,2)
I.  Theline x=5 intersects the graph 1 time. 2 2
m. f(x)=3whenx=0andx=4. c. Symmetry about y-axis.
n. f(x)=—2whenx=-5andx=8. 16. Function

_ _ a. Domain: {x|-m<x<m};
12. a. f(0) =0 since (0,0) is on the graph.

f (6) = 0 since (6,0) is on the graph. Range: {y| -1y Sl}

b. f(2)=-2since (2, —2) is on the graph. b. Intercepts: (-x,0), (m,0), (0,0)
f (-2) =1since (-2,1) is on the graph. c. Symmetry about the origin.
c.  f(3) is negative since f (3) ~ -1. 17. Not a function since vertical lines will intersect

d.  f(-1) is positive since f (—1) ~1.0. the graph in more than one point.

f(x) =0 when x =0, x = 4, and x = 6. 18. Nota fungtion since vertical Ii_nes will intersect
the graph in more than one point.

f. f(X)<Owhen0<x<4. )
19. Function

g. Thedomain of fis {x|-4<x<6} or
[-4,6)].

a. Domain: {x|0<x<4};
Range: {y|0<y<3}
h. Therange of fis {y|-2<y<3| or [-2,3]. b. Intercepts: (0, 0)

i. The x-intercepts are 0, 4, and 6. None

j.  The y-intercept is 0.

k. Theline y=-1 intersects the graph 2
times.

. Theline x=1 intersects the graph 1 time.
m. f(x)=3whenx=5.
n. f(x)=-2whenx=2.
13. Function
a. Domain: {x| X is any real number} :
Range: {y|y>0}
b. Intercepts: (0,1)

c. None

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

15. Function

76
Copyright © 2018 Pearson Education Ltd.



20.

21.

22.

23.

24.

25.

Function

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

b. Intercepts: (1, 0)

c. None

Function

a. Domain: {x|x>-3};
Range: {y|y >0}

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

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 is any real number} ;
Range: {y|y <5}

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

c. None

Function

a. Domain: {x|x is any real number} ;
Range: {y|y>-3]

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

c. None

f (x) = —3x? +5x

a. f(-1)=-3(-1)*+5(-1)=-8=2

The point (-1, 2) is not on the graph of f.

b, f(-2)=-3(-2)" +5(-2)=-22
The point (—2,—22) is on the graph of f.

Section 2.2: The Graph of a Function

c. Solve for x:
—2=-3x>+5x=3x?-5x-2=0

(3x+1)(x-2)= 0:>x——§,x 2

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

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

e. x-intercepts:
f(x)=0= -3x* +5x=0

x(—3x+5)=0:>x=0,x=%

(0.0) and (3,0)
f.  y-intercept:
f (0)=-3(0)* +5(0) = 0= (0,0)
26. f(x)=2x*-x-1
a. (=) =2(-1)*-(-1)-1=2

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

The point

(-
(-

b. f(-2)=2(-2)*-(-2)-1=9
(—2,9) is on the graph of .
X

c. Solve for
-1=2x*-x-1
0=2x>-x
O:x(2x—1):>x=0,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-1)=0= x:—%,x:l

(—%,Oj and (1,0)

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

77
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Chapter 2: Functions and Their Graphs

27, f(x)=2t2
X—6
a. f(3)=£=_§¢14
3-6 3

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

b, fay=4t2_6 __4
4-6 -2
The point (4,-3) is on the graph of f.

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

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

e. Xx-intercepts:
f (x)zojﬂ: 0
X—6
Xx+2=0=x=-2=(-2,0)
_0+2 1

f. y-intercept: f(0)= 5= 3 (o,_l)

X% +2
X+4

28. f(x)=

a. ()= =

—
=
@D
o
Q.
>
=4
N\
1&
ol w
N— mlw
=
o
=)
—
=
@D
«Q
-
Q
©
=
o
=
—h

The point (0, %) is on the graph of f.

c. Solve for x:
2
R LN R
2 X+4

0=2x%-x

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

(O, ij and (i lj are on the graph of f .
2 22

d. The domain of f is{x| X # —4}.

e. Xx-intercepts:

2
F(x)=0= X2 0= x242-0
X+4
This is impossible, so there are no x-
intercepts.
f. y-intercept:
0%+2 2 1 1
( ): =—=— 0,—
0+4 4 2 2
2X
29. f(x)=——
() =

1
2
(1 2).
The point (E, _Ej is on the graph of f.

b. f(4):%:g:4

The point (4, 4) is on the graph of f.
c. Solve for x:
1=—2X =X-2=2X=>-2=X
X—2
(-2,1) is a point on the graph of f .
d. The domain of fis { x| x=2}.
e. Xx-intercept:
2X
f(x)=0=>——=0=2x=0
X—2

= x=0=(0,0)

—h

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

2

2X
4

30. f(x)=
() X" +1

_1\2
a tep=2CD _2_
-D*+1 2
The point (-1,1) is on the graph of f.

20 8
o f(z)_(2)4+1_17

The point (2, %) is on the graph of f.
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c. Solvefor x:
2x°
1:
x*+1
x*+1=2x2
x*—2x*+1=0
(x*-1)%=0
x?-1=0=>x=+1
(1,1) and (-1,1) are on the graph of f .
d. The domain of f is {x| X is any real number} .
e. x-intercept:
2x?
f(x)=0=> =0
() x* +1
2x* =0=x=0=(0,0)
f. y-intercept:
20 0
f(0)= =——=0=(0,0
(0= 1701 2=(00)
3. a (f+9)B)=fB)+g(3)=5+0=5
b. (f+9)(8)=f(5)+9(5)=3-4=-1
c. (f-9)(7)=1(7)-9(7)=1-0=1
d. (@-f)(7)=9()-f(7)=0-1=-1
e. (f.9)®)=1(@).903)=50=0
f [iJ(5):@:i:—_3
g gG) -4 4
2
32. h(x)=-2% 12 7x+35
v
a. Wewant h(15)=10.

2
136(15
—#+ 27(15)+35=10
Vv
~ 30,62500 _
Vv
v2 =900
v =30 ft/sec

The ball needs to be thrown with an initial
velocity of 30 feet per second.

79

Section 2.2: The Graph of a Function

2
b. h(x)=—126§ +2.7x+35
30
which simplifies to
h(x):—ﬂx2 +2.7x+35
225
¢. Using the velocity from part (b),
34 2
h(9)=———(9) +2.7(9)+3.5=15.56 ft
(9)=-2 (o) +27(9)
The ball will be 15.56 feet above the floor
when it has traveled 9 feet in front of the
foul line.

d. Select several values for x and use these to
find the corresponding values for h. Use the
results to form ordered pairs (x, h). Plot the
points and connect with a smooth curve.

34 2
h(0)=———(0) +2.7(0)+3.5=35ft
(0)=-2(0)" +27(0)
h(5)=—— (5)° +2.7(5)+35~132 ft
225
h(15) = —22 (15) +2.7(15) +35~10 ft
225
Thus, some points on the graph are (0,3.5),
(5.13.2), and (15,10) . The complete graph
is given below.
h
20 .
o (8.9,15.6)
15 |
= 5,132
0 E ( ) (15.10)
’ ¥ (0,3.5)
:\II\IHIHI\IHIH\ X
0 5 10 15 20
2
3. h(x)=— i x+6
v
2
44(8)
a. h(8)= +(8)+6
(8)-——g+(8)
= _@4_14
784
~10.4 feet
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Chapter 2: Functions and Their Graphs

= _@4_18
784

~9.9 feet

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

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

44(0)’
h(O):—?+(O)+6= 6
2
h(15)=- 44(15) +(15)+6~8.4
28
2
h(20)=- 44523) +(20)+6~3.6

Some additional points are (0,6), (15,8.4)

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

below.
h

15

(8.10.4)

10 (15,8.4)

(12,9.9)
¥ (0, 6)

wh

20,36
(226,0) N3

Ll 1T
5 10 15 20

2
h(15)=- 442(;’) +(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(15)=10.

V2 =4(225)
vZ =900
v=30 ft/sec
The ball must be shot with an initial velocity

of 30 feet per second in order to go through
the hoop.

34, A(X)=4xy1-x?

a.

Domain of A(X) = 4xy 1—x? ; we know

that x must be greater than or equal to zero,
since x represents a length. We also need

1-x2 >0, since this expression occurs
under a square root. In fact, to avoid
Area =0, we require

x>0 and 1-x*>0.
Solve: 1-x*>0
(1+x)(1-x)>0
Casel: 1+x>0 and 1-x>0
x>-1 and x<1
(i.e. —1<x<1)

Case2: 1+x<0 and 1-x<0
x<-1 and x>1
(which is impossible)
Therefore the domain of Ais {x| 0<x<1}.

Graphing A(X) = 4x/ 1—x?

3

0 1
0

When x = 0.7 feet, the cross-sectional area
is maximized at approximately 1.9996
square feet. Therefore, the length of the base
of the beam should be 1.4 feet in order to
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maximize the cross-sectional area.
Y

y
]
&

[ n ]

]
9z

migonsir-

y
B
K
4
E
4
B

inm@minris
L
e s

=7
—-32x?
35. h(x)= +X
9 1302
_ 2
a. hooy=—22090" 19
:Mﬂoozmm feet
16,900
_ 2
b, h(300) = —23%0)" , 309
30
::23ﬁ%¥5993+300z12959fea
16,900
_ 2
¢ h(s00) = 250" 509
130
= M+500 ~ 26.63 feet
16,900
d. Solving h(x) = -32¢ +x=0
' 1302
2
32X +x=0
1302
x[_32;(+1]:0
130
x=0 or _32;(+1=0
30
1- 32X
130?
130% = 32x
130?
X =

5 =528.13 feet

Therefore, the golf ball travels 528.13 feet.

-32x?

1302
150

1 + X

0 600

Section 2.2: The Graph of a Function

f. Use INTERSECT on the graphs of
2
—32x
=———+X and =90.
W_ 1302 yZ

150

N

7

Intersecki
0 [#=
5

kersgckion
11507338 +y=00 600

150

N

Inkgkseckinn
0 | #2841z 0E161 «r=mi 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.

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

=

4
00 124.26
ZiE 1z8.14

17166

i3
=00 izaca
3L 1k
350 iif.05
=27

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

“ 4 = W

&0 132 260 132

61 izz.01 261 13z.01
B2 262 13202
a3 263

&t 1xe.0z 264

&5 13703 ZEE 13z.03
B6 i3z0z 266 13202

1=132.829112426) M1=132. 831242604

s T4 T T ' s Y
T = R |
-
=
Lot
=
™

1zz.0z

1=132. 829535799
2
36. W(h)=m 4000
4000+h
a. h=14110 feet ~ 2.67 miles;
2
W (2.67) =120 ﬂ ~119.84
4000+ 2.67
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Chapter 2: Functions and Their Graphs

On Pike's Peak, Amy will weigh about
119.84 pounds.

Graphing:
120

oll__ 15
119.5

Create a TABLE:

Y A Y9

I 120 z 11988
13 ii8.a7 iE FELN:
i 1188y E; 1188
ic FECR :C 1879
Lo|mE |l
B} 118,82 lk 1187

“=H B=a

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

By refining the table, Amy will weigh
119.95 Ibs at a height of about 0.83 miles

(4382 feet).
# Y # W

I 119,97 A 118,85

B HEEE E% 118.8E

Ig- iigac B

L] 1188 N 118.8E

i 1198y ‘B 1188

11 118,38z B 113.8E

=.5 1=119.'95621549&

Yes, 4382 feet is reasonable.

37. C(x)=100+% 436000
10 X
C(480) =100+ 222, 36000
10 480
=$223
c(600) =100+ 222, 30090
10 600
=$220
{x] x>0}
Graphing:
500

.

0 1000

82

38.

39.

ThiStart =0; ATbl =50
AT |

o ERROFR
0 HzE

470
ic0 EC
00

Fi0 | ZED
181 88+4-1 8+368..

The cost per passenger is minimized to
about $220 when the ground speed is

roughly 600 miles per hour.
# |
HEQ ek
=] gL
ce(L4E
B 2z
BE0 g i |
Fn ezl yz
FEI 2EF
=155}

a.  C(0)=5000

This represents the fixed overhead costs.
That is, the company will incur costs of
$5000 per day even if no computers are
manufactured.

C(10)=19,000

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

C(50) = 51,000

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

The domain is {q|0<q<100}. This

indicates that production capacity is limited
to 100 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.

a.  C(0)=$80

It costs $80 if you use no minutes.

C(1000) = $80
It costs $440, if you use 1000 minutes

C (4000) = $440
It costs $440 if you use 4000 minutes.
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e.

d.The domain is
{m0<m<0]14,400} . This indicates that

there are at most 14,400 minutes in a month.

The graph is flat & increases at a constant
rate.

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

41.

42,

43.
44,

45,

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=T.

(@ 15 (b) 1V; (©) I; (d) V; () Nl

@ I; (b) V; (c) Iv; (d) ;11

Distance (in blocks)

(22.5)

(5,2)
7.0

L1111 |(2|9"|ﬂ)| 1

Y. W
6,0y 10 20 30

Time (in minutes)

46.

47.

48.

Distance (in feet)

Section 2.2: The Graph of a Function

y
20,000

- (78, 19,000)
15,000
10,000~
(33, 9000) (48, 9000)
5000~
- #(13, 4000)
~ A(10, 2000)
1000 .
IS
5 20 40 60 80

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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Chapter 2: Functions and Their Graphs

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

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

the only function for which f (x)=—f(x). Any
other such graph would fail the vertical line test.

51. Answers may vary.

52. f(x-2)=-(x-2)%+(x-2)-3
=—(x* —4x+4)+x-2-3
= —x*+4x-4+x-5

= —x*+5x-9

53. d =4/(1-3)? + (0—(-6))

(-2 +(-6)"
= /4436 = /40 = 2410

2
54. y—4:§(x—(—6))
y—4=§x+4
y:§x+8

55. Since the function can be evaluated for any real
number, the domain is: (—o0, )

Section 2.3
1. 2<x<5
Ay 8-3 5
2. sl =—2 = ===1
ST A T3-(2) 5

3. x-axis: y —» -y
(-y)=5x*-1
—y=5x*-1
y =-5x* +1 different
y-axis: X — —X
y= 5(—x)2 -1

y=5x*-1 same

84

10.

11.
12.
13.
14.
15.
16.

17.

18.

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

y=x>-9

x-intercepts:
0=x*-9

X2 =9 x=143

y-intercept:

y=(0)°-9=-9

The intercepts are (-3,0), (3,0), and (0,-9).
increasing
even; odd

True

. True

False; odd functions are symmetric with respect
to the origin. Even functions are symmetric with
respect to the y-axis.

c
d

Yes

No, it is increasing.

No

Yes

f is increasing on the intervals

(-8,-2), (0,2), (5,7).

f is decreasing on the intervals:
(-10,-8), (-2,0), (2,5).
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19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

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

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

f has local maximaat x=—-2andx=2. The
local maxima are 6 and 10, respectively.

f has local minimaat x=-8, x=0and x=5.
The local minima are —4, 0, and 0, respectively.

f has absolute maximum of 10 at x = 2.

f has absolute minimum of —4 at x =-8.

o p

Intercepts: (-2, 0), (2, 0), and (0, 3).
Domain: {x|-4<x<4} or [-4,4];
Range: {y|0<y<3} or[0,3].

Increasing: (-2, 0) and (2, 4);

Decreasing: (-4, -2) and (0, 2).

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: (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: (0, 1).
Domain: {x| x is any real number} ;
Range: {y|y>0} or (0,c).

Increasing: (—oo,%0); Decreasing: never.

29.

30.

31.

32.

Section 2.3: Properties of Functions

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

Intercepts: (—g Oj, (g Oj, and (0,2) .

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

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

Intercepts: (-=,0), (x,0), and (0,0) .
Domain: {x|-n<x<n} or [-m, n];

Range: {y|-1<y<1} or [-1,1].
Increasing: | —= E)'
g‘ 2! 2 il

Decreasing: (—n, —%) and (% n).

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

Intercepts: (-2.3,0),(3,0), and (0,1).
Domain: {x|-3<x<3} or [-3,3];
Range: {y|-2<y<2} or[-2,2].
Increasing: (-3,-2) and (0, 2);
Decreasing: (2, 3); Constant: (-2,0).

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

(Lo) (5 1
Intercepts: [3,0),(2,0) and (0, 2).

Domain: {x|-3<x<3} or [-3,3];

Range: {y|-1<y<2} or [-12].
Increasing: (2,3); Decreasing: (-11);
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.

Copyright © 2018 Pearson Education Ltd.



Chapter 2: Functions and Their Graphs

33. a. f hasalocal maximum of2at x=0. 43. f(x)= 3/2)(2 1
b. f hasa local minimum of 0 at both f(=x) :\3/2(_)()2 +1=dox2 1= f(x)

x=-landx=1. Therefore, f iseven.

34. a. f hasalocal maximumof3at x=0.
44. f(x)=x+|x|

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

b. f hasalocal minimum of 0 at both
XxX=-2and x=2.

35. a. f hasalocal maximumof1at x=0.

X
b. f hasalocal minimum of -1 both at 45 h0)="7—
X=—-r a.nd X=7r. —X —X
h(-X)=———= =-h(x
( (-x)?-1 x*-1 (x)
36. a. f hasalocal maximum of 1 at x =%. Therefore, h is odd.
b. f hasalocal minimum of -1 at x:—%. 46. g(x):iz
1 1
37. f(x)=4x3 9(-x) = o7 g(x)
3 3
f(=x) =4(-x)" =—-4x" =—1 (x) Therefore, g is even.
Therefore, f is odd.
2X
47. F(X)=+—
38. f(x)=2x*-x ) ||
f(=x) =2(-x)* = (-x)* = 2x* - x* = f (x) F(ox) = 2(=x) _=2x _ (x)
Therefore, f iseven. |_X| | X|
Therefore, F is odd.
39. h(x)=3x*+5 3
h(-x) =3(-x)* +5=—-3x>+5 48. h(x)= 32 _9
h is neither even nor odd. 3 3
h(-x) = — %) X —h(x)

3(-x)2-9 3x*-9

40. g(x)=-3x*-5 .
Therefore, h is odd.

g(-x) =-3(-x)* -5=-3x" -5=g(x)

Therefore, g is even. 49. f has an absolute maximum of 4 at x =1.

f has an absolute minimum of 1 at x =5.
41. G(x)=+/x f has an local maximum of 3 at x = 3.
G(—x) =+—x f has an local minimum of 2 at x = 2.

G is neither even nor odd. 50. has an absolute maximum of 4 at x = 4.

has an local maximum of 4 at x =4.
F(—x)=«3/—_=—$/_=—F(x)

f
42. F(x)=Ix f has an absolute minimum of 0 at x =5.
f
. f
Therefore, F is odd.

has an local minimum of 1 at x =1.

86
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51.

52.

53.

54.

55.

56.

57.

Section 2.3: Properties of Functions

f has an absolute minimum of 1 at x =0. 58 f (x) =x3-3x%2 +5 on the interval (_1,3)
f has no absolute maximum. Use MAXIMUM and MINIMUM on the graph
f has no local minimum. of y, = x3—3x%2 +5.
f has no local maximum. 10
f has an absolute minimum of 1 at x =1. i__s—i—-_ﬂwg
f has an absolute maximum of 4 at x = 3. -1fE 3
f hasan local minimumof 1 at x=1. .

HE§|h1IIN N _ X
f has an local maximum of 4 at x = 3. eerodts

10

f has an absolute maximum of 4 at x = 2. .
f has no absolute minimum. /rm"‘-hzr"’j
f has an local maximum of 4 at x = 2. -l 3
f has an local minimum of 2 at x =0. — 5

#=1.89888877 Y'=1
f has an absolute minimum of 0 at x =0. ‘10
f has no absolute maximum. local maximum. f(0)=5
f has an local minimum of 0 at x = 0. Io.caTI m|n||T1um. f(29)=1
f has an local minimum of 2 at x = 3. fis increasing on: (—1,0) and (2,3) :
f has an local maximum of 3 at x = 2. f is decreasing on: (0,2)
f has no absolute maximum or minimum. P _
f has no local maximum or minimum. 59. f(x)=x"-x" onthe interval (-2,2)

Use MAXIMUM and MINIMUM on the graph

f has no absolute maximum or minimum.

of y, =x* —x%.

f has no local maximum or minimum. 2
“
f (x)=x*-3x+2 on the interval (-2,2) \ 'II
Use MAXIMUM and MINIMUM on the graph ] J.FII
3 2 T 2
of y; =x"=3x+2. Hiniraura X
5 W= AR08y Vs 2k
. -1
W ; 2
. Ki -
2 i = 2 * \
Hasiraur * l'\
4=-,8988877 [y=y -2 \____T\___J 2
'2 Haxiraura X
= w=-113BE-6 I¥=-1.ZE-1iZ
I I -l
< . i 2
NV e 5 v \ /
Hinirur B | !
W=.89888877: |V=1.5CE-11 2 AN .-" 2
3 L H-\___.-"E_J
local maximum: f (-1) = 4 T e

.. 1
local minimum: (1) = 0 local maximum: f (0) = 0
fis increasing on: (-2,-1) and (1,2); local minimum:

f is decreasing on: (-1,1) f(-0.71) = -0.25; f(0.71) = -0.25

87
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Chapter 2: Functions and Their Graphs

60.

61.

fis increasing on: (-0.71,0) and (0.71,2);
f is decreasing on: (-2,-0.71) and (0,0.71)

f (x)=x> x> on the interval (-2, 2)
Use MAXIMUM and MINIMUM on the graph
of y; =x°—x3.
0.5

LA w} 2

H
H==774ERCE IY=1BER0ZE

-0.5
0.5

P ™ ~ 2

Hinirnurn

B L= B D 1 1=
-05

local maximum: f (-0.77) = 0.19

local minimum: f (0.77) = -0.19
fis increasing on: (-2,-0.77) and (0.77,2) ;
f is decreasing on: (-0.77,0.77)

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.

u -
\ L
-4 . 5

o
I, rd

el
Ninirur x
HW=-1.1E5B21F V=-4.048287

Haxirun X
b 1 e R e <1 e
8

local maximum: f (2.16) = 3.25

local minimum: f (-1.16) = —4.05

fis increasing on: (-1.16,2.16) ;

f is decreasing on: (—4,-1.16) and (2.16,5)

62.

63.

f (x)=-0.2x> —0.6x* +4x—6 on the

interval (—6,4)
Use MAXIMUM and MINIMUM on the graph
of y, =-0.2x3 —0.6x* +4x—6.

4

", /ﬂ\

Hinirmura
W=-z.rEEE7Z Y=-1B.B91z2

-30
2

-6l =
3 J_.—-.-\-\

-~
0 / _

Haxirum *
n=1.78BB767 Y=-1.8908784

-30
local maximum: f (1.77) = -1.91

local minimum: f (-3.77) = -18.89
fis increasing on: (-3.77,1.77) ;
f is decreasing on: (-6,-3.77) and (1.77,4)

f (x)=-0.4x"* —~0.5x> +0.8x* —2 on the
interval (-3, 2)
Use MAXIMUM and MINIMUM on the graph
of y, =—-0.4x* —0.5x* +0.8x* - 2.

g 1

e

[

X
1672161 Y=-.Fr33086 '

Hinipupy
w=-0eglE-7 Y=-2

=

——
'f"- — e
'y

]
I W,

/ \

Haxinun £
= BxFEE191 V=-1.B704E

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

£(0.64) = ~1.87
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local minimum: (0,-2) f(0)=-2
fis increasing on: (—3,-1.57) and (0,0.64);
fis decreasing on: (-1.57,0) and (0.64,2)

64. f(x)=0.25x"+0.3x>~0.9x* +3 on the
interval (-3, 2)
Use MAXIMUM and MINIMUM on the graph

of y, =0.25x* +0.3x* —0.9x% + 3.
)

w
1

|

Minimun x
H=-1.B6E089 Y=94804zB88
-2

“|Haximum L4
W=l AZA4E-6 V=3

3\ i
w=.96508BB> Y=z.e4BzBzi
2

local maximum: f (0) =3

local minimum:

f(-1.87)=0.95, f(0.97) = 2.65

fis increasing on:(-1.87,0) and (0.97,2);

f is decreasing on: (-3,-1.87) and (0,0.97)

65. f(x)=-2x>+4
a. Average rate of change of f from x=0 to

X=2
f(2)-f(0) _ (—2(2)2 +4)—(—2(0)2 +4)
2-0 2
(9-4)_8_,
2

Section 2.3: Properties of Functions

b. Average rate of change of f fromx =1 to

x=3:
((3)-1(@) (—2(3)2 +4)—(—2(1)2 +4)
3-1 2
(-2 16,
= > ==
c. Average rate of change of ffromx=1to
X =4:
f(4)-1() (—2(4)2 +4)—(—2(1)2 +4)
4-1 3
_ (—28?3—(2) =_T30= 10

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

X=2:
3 3
f(2)-1(0) (-2 +1)-(-(07+1)
2-0 2
-7-1 -8
=3 2
b. Average rate of change of f fromx =1 to
x=3:
3 3
f(3)-1(@1) (-6 +1)-(-@ -+
3-1 2
-26-(0) -26
=m0 B
c. Average rate of change of f from x =-1to
x=1
3 3
) f(-y) (-0 1)-(-(-27+1)
1-(-1) 2
_0-2_ -2
=~z

67. g(x)=x>-2x+1

a. Average rate of change of g from x=-3 to
X=-2:
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Chapter 2: Functions and Their Graphs

b. Average rate of change of g from x =-1 to c. Average rate of change of h from x =2 to
x=1: X=95:
9(1)-9(-9) h(5)-h(2)
1-(-1) 5-2
3 3 5)° —2(5)+3|—| (2)° -2(2)+3
(@) -2(2)+1]-[ (-2 -2(-1)+1] 15 -2(8)+3 ]| (2)"-2(2)+
- _2_, _(18)-(3) 15 _,
2 2 3 3
C. i\v:ersage rate of change of g from x=1 to 69, f (x) _5x_2
g (3)_ g (1) a. Average rate of change of f from 1 to 3:
3-1 ay_f(3)-f(1)_13-3_10 .
s s Ax  3-1  3-1 2
[(3) - 2(3)+1J _[(1) - 2(1)+1J Thus, the average rate of change of f from 1
= 2 to 3is 5.
(22)_(0) 22 b. From (a), the slope of the secant line joining
=T, T, T 11 (1 f (1)) and (3, (3)) is 5. We use the
point-slope form to find the equation of the
secant line:
68. h(x)=x"-2x+3 Y= Y1 = Mg (X—%)
a. Average rate of change of h from x=-1 to y—3=5(x-1)
x=1: y-3=5x-5
h(1)-h(-1) y =5x—2
1_2(_1) , 70. f(x)=—-4x+1
_ [(1) - 2(1)+3}_[(_1) -2(-1) +3] a. Average rate of change of f from 2 to 5:
2 Ay _ f(5)—f(2)=—19—(—7)
_(2)-(6)_4_, AX 5-2 5-2
T2 2 _-2_
3

b. Average rate of change of h from x =0 to Therefore, the average rate of change of f

X=2: from2to5is —4.
h(2)-h(0) b. From (a), the slope of the secant line joining
2_20 , (2,f(2)) and (5, f(5)) is —4. We use the
_ [(2) B 2(2)+3J _[(0) - 2(0)+3] point-slope form to find the equation of the

2 secant line:
_(3)_(3)_9_0 y_ylzmsec(x_xl)
2 2 y=(-7)=-4(x-2)
y+7=-4x+8
y=-4x+1
90
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71 g(x)=x*-2
a. Average rate of change of g from -2 to 1:
Ay _9()-9(2)_ -1-2 -3
Ax  1-(-2) 1-(-2) 3
Therefore, the average rate of change of g
from -2 tolis -1.

=-1

b. From (a), the slope of the secant line joining
(-2,9(-2)) and (1,g(1)) is —1.We use the
point-slope form to find the equation of the
secant line:

Y= Y1 = Mg (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 _9(2)-9(-1)_ 5-2 _3_

Ax  2-(-1)  2-(-1) 3

Therefore, the average rate of change of g

from -1 to 2 is 1.

b. From (a), the slope of the secant line joining
(-1.g(-1)) and (2,9(2)) is 1. We use the
point-slope form to find the equation of the
secant line:

Y=Y = Mg (X_ Xl)

y-2=1(x-(-1))
y-2=x+1
y=X+3

73. h(x)=x*-2x
a. Average rate of change of h from 2 to 4:
Ay _h(4)-h(2) 8-0_8_
A 4-2  4-2 2
Therefore, the average rate of change of h
from2to4is 4.

b. From (a), the slope of the secant line joining
(2,h(2)) and (4,h(4)) is 4. We use the
point-slope form to find the equation of the
secant line:

Y=Y = Mg (X_ Xl)
y—-0=4(x-2)
y=4x-8

Section 2.3: Properties of Functions

74. h(x)=-2x"+x
a. Average rate of change from 0 to 3:
Ay _h(8)-h(0) _-15-0
Ax 3-0  3-0
_-15 _
==
Therefore, the average rate of change of h
from0to3is 5.
b. From (a), the slope of the secant line joining
(0,h(0)) and (3,h(3)) is —5. We use the

point-slope form to find the equation of the

-5

secant line:
Y= Y1 = My (X=%)
y—0=-5(x-0)
y =-5X

75. a.  g(x)=x"-27x
0(-x)=(-x)" ~27(~x)
=—x3 +27x
:—(x3—27x)

=-9(x)

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

b. Since g(x) is odd then it is symmetric

about the origin so there exist a local
maximumat x=-3.

9(-3)=(-3)*-27(-3) = -27+81=54
SXo:th_egrt? is a local maximum of 54 at
76. f(x)=-x"+12x
a. f(-x)= —(—x)3 +12(-x)
=x3-12x
= —(—x3 +12x)
—-1(x)

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

b. Since f(x) is odd then it is symmetric

about the origin so there exist a local
maximum at x=-3.
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Chapter 2: Functions and Their Graphs

f(-2)=—(-2)° +12(-2) =8-24 =16

So there is a local maximum of -16 at
X=-2.

77. F(x)=-x* +8x% +8

a. F(-x)= —(—x)4 +8(—x)2 +8
=—x*+8x+8

-F(4

Since F (—x) =F (x) , the function is even.

b. Since the function is even, its graph has
y-axis symmetry. The second local
maximum is in quadrant Il and is 24 and
occursat x=-2.

c. Because the graph has y-axis symmetry, the
area under the graph between x =0 and
x =3 bounded below by the x-axis is the
same as the area under the graph between
x=-3 and x =0 bounded below the
x-axis. Thus, the area is 47.4 square units.

78. G(x)=—x*+32x*+144

a. G(-x)= —(—x)4 +32(—x)2 +144
= —x* +32x% +144

~6(x)

Since G(-x)=G(x), the function is even.

b. Since the function is even, its graph has
y-axis symmetry. The second local
maximum is in quadrant Il and is 400 and
occursat x=—4.

c. 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.

a.

79. C(x)=0.3x2+ 21x—251+@
y, = 0.3x% + 21X — 251+@
2500
ol 30
=300

80. a.

92

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

lawnmowers are produced per hour.
2500

Himimup~—— e+ 2 . . .,
0 H=BBEOLES? W=zZH.BEZHEE 30

=300

The minimum average cost is approximately
$239 per mower.

C(t)=-.002t" +.039t° — 285t +.766t +.085

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

1

Haxiraumm
H=z Ae0z04 LYY= PEOZEASL L
0 0 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

VRN

Inkerseckion ™
0 A= FLFRERLE LY=E

0

10
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0

1

~

Inkerseckion )
HEHHREEYZE LY=E

10

0

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.

81. a.and

Cost (dollars)

b.

2 =

s
=

— N W
[
=

M
=

x

0 ]

| -
0 1020304050 x

Gigabytes

The slope represents the average rate of change
of the cost of the plan from 10 to 30
gigabytes.

c. avg. rate of change =

C(10)-C(4)
10-4

10070

-6

30

"6

= $5 per gigabyte

On average, the cost per gigabyte is
increasing at a rate of $5 gram per gigabyte
from 4 to 10 gigabytes.

d. avg. rate of change =

C(30)-C(10)
30-10

~ 225-100

20

125

T 20

= $6.25 per gigabyte

On average, the cost per gigabyte is
increasing at a rate of $6.25 gram per
gigabyte from 10 to 30 gigabytes.

82.

Section 2.3: Properties of Functions

C(50)-C(30)
50-30
_ 375-225
20
150
T2
= $7.50 per gigabyte
On average, the cost per gigabyte is

increasing at a rate of $7.50 gram per
gigabyte from 30 to 50 gigabytes.

avg. rate of change =

The average rate of change is increasing as
the gigabyte use goes up. This indicates that
the cost is increasing at an increasing rate.

D,

14
12
10 1 L
[
RS

4-, 1 1 | e
2000 2005 2010 VY
Year

Debt (trillions of dollars)

The slope represents the average rate of
change of the debt from 2001 to 2006.

P(2004) - P(2002)
2004 - 2002

_ 7379-6228

=

1151

T2

=$ 575.5 billion/yr

avg. rate of change =

P(2008) - P(2006)
2008 — 2006

10025 -8507

-

1518

2

=$ 759 billion/yr

avg. rate of change =
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Chapter 2: Functions and Their Graphs

83.

84.

P(2012) - P(2010)
2012 - 2010

16066 —13562

- 2

2504

T2

=$ 1252 billion

avg. rate of change =

The average rate of change is increasing as
time passes.

p(4.5)-p(0)
45-0
~0.15-0.06
© 45-0
= 0.020 gram per hour
On average, the population is increasing at a

rate of 0.036 gram per hour from 0 to 4.5
hours.

avg. rate of change =

P(8)-p(65)
8-6.5

~0.52-0.36

~ 8-65

_01s

© 25

=0.107 gram per hour

On average, the population is increasing at a
rate of 0.107 gram per hour from 6.5 to 8
hours.

avg. rate of change =

P(2006) — P(2004)

2006 — 2004
_53.8-465
2

avg. rate of change =

7.

w

=3.

an|

5 percentage points
per year

On average, the percentage of returns that

are e-filed is increasing at a rate of 3.65

percentage points per year from 2004 to

2006.

P(2009) - P(2007)
2009 — 2007

_ 67.2-57.1

2009 - 2007

_101

)

= 5.05 percentage points

per year

On average, the percentage of returns that
are e-filed is increasing at a rate of 5.05
percentage points per year from 2007 to
20009.

b. avg. rate of change =

P(2012) - P(2010)
2012 -2010
 827-69.8

~2012-2010
129
)

avg. rate of change =

=6.45 percentage points

per year

On average, the percentage of returns that
are e-filed is increasing at a rate of 6.45
percentage points per year from 2010 to
2012.

d. The average rate of change is increasing as
time passes. This indicates that the
percentage of e-filers is increasing at an
increasing rate.

f(x) =x*

a. Average rate of change of f from x =0 to
x=1:
tO-f(0) _1*-0* _1_,
1-0 1 1
b. Average rate of change of f from x=0 to
x=05:
f(05)-f(0) (0.5)°-0° 025

05-0 05 05
c. Average rate of change of f from x=0 to
x=0.1:
f(01)-f(0) (01)*-0° 001 _

= 0.1
0.1-0 0.1 0.1

0.5
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Average rate of change of f from x=0 to

x=0.01:
f(0.01)- f(0) (0.01)" -0
001-0 001
:9£P9l2001
0.01
Average rate of change of f from x=0 to
x=0.001:
f (0.001)~ f (0) (0.001)° ~0?
0.001-0  0.001
_ 0000001 _ 0,
0.001

Graphing the secant lines:

-

v=05x

y=0.1x

95

86.

Section 2.3: Properties of Functions

e

v=00I1x

e

v=0001x

=1

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

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

f(x) =x?
a. Average rate of change of f from x=1 to
X=2:
f(2)-f(@1) 22-12 3
2-1 1 1
b. Average rate of change of f from x=1 to
x=15:
f(15)-f(1) (1L5)°-1° 125
15-1 05 05
c. Average rate of change of f from x=1 to
x=1.1:
f(Ly)-f(1) (11°-* 021
11-1 01 01
d. Average rate of change of f from x =1 to
x=1.01:
f(1.01)-f(1) (1.01)°-12 0.0201
101-1 001 001

e. Average rate of change of f from x =1 to
x=1.001:
f(1.001)- f (1) (1.001)° —12
1.001-1  0.001
~0.002001
~0.001

2.5

2.1

=2.01

=2.001
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Chapter 2: Functions and Their Graphs

f.

87.

a.

Graphing the secant lines:
5
0
4;
r .
u y=ux
v = 2001y - 1.001
X
0 3
0
The secant lines are beginning to look more
and more like the tangent line to the graph
of f at the point where x =1.
The slopes of the secant lines are getting
smaller and smaller. They seem to be
approaching the number 2.
f(x)=2x+5
_ f(x+h)-1(x)
sec T
_2(x+h)+5-2x-5 _2h _ 5
= " ==

When x=1:
h=05=>mg, =2
h=01l=>m, =2
h=0.01=m, =2
as h—>0, my, —2

Using the point (1, f (1)) =(17) and slope,

m =2, we get the secant line:
y—7=2(x-1)
y—7=2x-2
y=2X+5
Graphing:

The graph and the secant line coincide.

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

a.

_ f(x+h)-1(x)

sec h
_ =3(x+h)+2-(-3x+2) -3h
= . ==

b. Whenx=1,

h=05=mg,, =-3
h=01=my =-3
h=0.01=m, =-3
as h—0, mg —-3
Using point (1, f (l)) =(1,-1) and
slope = -3, we get the secant line:
y—(-1)=-3(x-1)

y+1=-3x+3

y=-3x+2

Graphing:

-,

""‘m

"

-5
The graph and the secant line coincide.

Copyright © 2018 Pearson Education Ltd.
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89. f(x)=x%+2x

a sec=f(x+hr2—f(x)

~ (x+h)? +2(x+h) - (x* +2x)

B h

_ x?+2xh+h?+2x+2h—x* —2x
B h

_ 2xh+h? +2h
- h
=2Xx+h+2

b. Whenx=1,
h=05=m, =2-1+05+2=45

h=01l=>my, =2-1+01+2=41
h=0.0l=m, =2-1+0.01+2=4.01
as h—»0, mg —>2:1+0+2=4

c.  Using point (%, f (1))=(1,3) and
slope = 4.01, we get the secant line:
y—3=4.01(x-1)
y—-3=4.01x-4.01
y=4.01x-1.01

d. Graphing:
6

90. f(x)=2x>+x

o m.- f(x+hg— f(x)

_2(x+h)? +(x+h)—(2x* +x)
B h
20 +2xh+h?) + x+h-2x% —x

h
_ 2x% +4xh+2h? + x+h—2x* —x
- h
_ 4xh+2h%+h
- h
=4x+2h+1

97

Section 2.3: Properties of Functions

b. Whenx=1,
h=05=>m, =41+ 2(0.5)+1: 6

h=01=mg =4.1+2(0.1)+1=52
h=0.01= m,, =4-1+2(0.01)+1=5.2
as h—0, mg —»>4-1+2(0)+1=5
c.  Using point (1, f (1)) =(13) 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:
6

” /

91. f(x)=2x>-3x+1
_ fix+h)-1(x)

a. sec h
2(x+h)2—3(x+h)+1—(2x2—3x+1)

- h
_2(x* +2xh+h?*)—3x—3h+1-2x" +3x -1
- h
3 2x% +4xh +2h® —3x—3h+1—-2x* +3x -1
B h
_ 4xh+2h%*-3h
Bl h
=4x+2h-3

b. When x =1,

h=05=m, =4-1+2(05)-3=2
h=0l1=m, =4.1+2(0.1)-3=12
h=0.01=>my, =4-1+2(0.01)-3=1.02
as h—0, mg —>4-1+2(0)-3=1

sec

c.  Using point (1, f (1))=(1,0) and
slope = 1.02, we get the secant line:
y-0=1.02(x-1)

y =1.02x—1.02

Copyright © 2018 Pearson Education Ltd.



Chapter 2: Functions and Their Graphs

d. Graphing:
2
’ \H. r{:”

Ak R

92. f(x)=-x?+3x-2

f(x+h)— F(x)
sec h
—(x+h)2+3(x+h)—2—(—x2+3x—2)

a.

- h

_ —(® +2xh+h?)+3x+3h -2+ x* =3x+2
- h

~ —x*—2xh—h® +3x+3h-2+x" —3x+2
- h

_ —2xh—h? +3h
N h
=-2x-h+3

b. Whenx=1,
h=05=m, =-2-1-05+3=05

h=01l=my, =-2-1-01+3=09
h=001=m, =-2-1-0.01+3=0.99
as h—0, mg —»>-2-1-0+3=1
c. Using point(1, f (1)) =(10) and
slope = 0.99, we get the secant line:
y—0=0.99(x-1)
y =0.99x-0.99
d. Graphing:
2

1
9. f(x)=1
f (x+h)— f(x)
a. sec:f
1 1) [x=(x+h)
_(X+h_XJ_ (x+h)x
T h h
_[Xx=x=h}(1) [ -h 1
"L (x+h)x JUh ) (x+h)x ){h
_ 1
(x+h)x
b. Whenx=1,
1
h=0.5
= Mee =7 (1505)(1)
12
~{g="73~ 0667
h=01l=>m,=- !
o ¢ (1+0.1)(1)
1 10
=g ="73 ~0-909
1
h=0.01 _——
= Mee =7 170.00) (1)
1 100
=—To1= 101~ 0990
1 1
as h—>0, my, _>_—(1+0)(1) :—1:—1

c.  Using point (1, f (1)) =(11) and

_ 100 .
slope = 01" we get the secant line:

100
y—1= —m(x -1)
100, 100
101 101
100, 201
101 101

d. Graphing:
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94. f(x)=
f(x+h)—f(x)
a. sec :T
1 1
(x+h)2 R
_f
x*—(x+h)*
(x+h)2 2
=
X —(x2 +2xh+h2)
_ (1)
(x+h)*x? h
_| —2xh—h? (lj
(x+ h)2 x2 J\h
__—2x=h _ -2x—-h
(x+h)?x2 (X2 +2xh+h2)x2
b. Whenx=1,
h=05=my, =—22-02 _ 104459
(1+05)°1*2 9
-2-1-0.1 210
h=0.1 =T S 1T
01 Mo (1+0.1)722 121 3
120015 m, = —21-001
(1+0.01) 17
:_fgégcl’ ~-1.9704
as h—0, my, —>_2'—1;0:—2
(1+0)°1°
c.  Using point(1, f (1)) =(1,1) and
slope = —1.9704 , we get the secant line:
y—1=-1.9704(x-1)
y—-1=-1.9704x+1.9704
y =-1.9704x+2.9704

99

96.

98.

Section 2.3: Properties of Functions

d. Graphing:
3

[

y

2
L1 1

(_1v _2) :

(2.-6)

Answers will vary. See solution to Problem 89

for one possibility.

. 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.

An increasing function is a function whose graph
goes up as you read from left to right.

y

5

-3
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Chapter 2: Functions and Their Graphs

A decreasing function is a function whose graph 104. Let x be the number of miles driven. Then 0.80

goes down as you read from left to right.

represents the mileage charge. Let 40 be the
fixed charge. Then the cost C to rent the truck is

y
given by: C(x) = 0.80x+40
5 -
\ - 105. The slope of the perpendicular line would be
B Ji_1_.5
B m ¥ 3
,\L,‘ —- T — ‘3v Y=Y, =m(X—x)
B 5
y-(-D=-3(x-3
Sp \ y+1= —%x+ 5
99. To be an even function we need f (-x)= f () y=-3X+
and to be an odd function we need 106 f(x+h)—f(x) 3(x+h)’ —5(x+h)—(3x* —5%)
f (—x)=—f(x). Inorder for a function be both : h - h
even and odd, we would need f (x)=—f(x). _ 3(x* + 2xh + h*) —5x —5h — 3x* + 5x
This is only possible if f(x)=0. h
_ 3x* +6xh+3h* —5x —5h —3x” +5x
100. The graph of y =5 is a horizontal line. h
- GG THOON _ 6xh+3h*—5h  h(6x+3h—5)
~NES wRin=-3 - h - h
N iy
y= Y in=-10 =6x+3n-5
whe= Ymax=1a
“ME= Weol=1
wNe= Hres=1
Section 2.4
1. y=4/x
YA
The local maximum is y =5 and it occurs at ST
each x-value in the interval. :(1 1)(4, 2)
: : |(|0'?)_|.||||||I
101. Not necessarily. It just means f (5)> f(2). = >

The function could have both increasing and
decreasing intervals.

f(o)-f(x) _ b-b

102.
X=X

f(2-f(-2) _0-0_

2-(-2)

_2)\2
103. f(—3)=&

9

“6+5 -1

=0

0

-9

So the corresponding point is: (—3, —9)

100
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Section 2.4: Library of Functions; Piecewise-defined Functions

16. D
17. F

18. H

19. f(x)=x?

et
-

w2
I

10

2.4

= 5
3. y=x>-8 ” ©.0

y-intercept: 2.
Let x=0, then y=(0)’-8=-8.
x-intercept: 10
Let y=0,then 0=x°-8
x3=8
X=2
The intercepts are (0,—-8) and (2,0).

T T 1T T

(4, 4)

L1111 I
-10 L (0,00 10

(-4,-4)

4, (—oo,O)

5. piecewise-defined o1
6. True YA

7. False; the cube root function is odd and —

increasing on the interval (—oo,). . 1)(4, 2)

0, 0)
X
8. False; the domain and range of the reciprocal _é B SE— -I; >

function are both the set of real numbers except
for 0.

9. b -

10.
11.
12.
13.
14.

a

m > O

®

15. B

101
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Chapter 2: Functions and Their Graphs

22. f(x)=x°
y
10
(2,8)
L 11 | L 11X
-4 00 4
(_21_8}
-10
23. f(x)=|x
YA
S_
(2,2 )
LIl I NA L 111 &
-5 0, M 5
5+
1
24. f(x)==
(=1
v
5
a1
|22
(1, 1)
& .
B 57
25.
YA
ST _A03)
* * -
(-23) L 23
I A
-4 B 4 "x
_4_

26. f(x)=%x
4
L1,
I 4.,
-5 0,0) 5
-1,-D |
sF
27. a. f(-2)=(-2)%=4
b. f(0)=2
c. f(2=212)+1=5
28. a. f(-2)=-3(-2)=6
b. f(-1)=0
c. f(0)=2(0)"+1=1
29. a. f(0)=2(0)-4=-4
b. f(1)=2(1)-4=-2
c. f(2)=2(2)-4=0
d. f(3)=(3)-2=25
30. & f(-D)=(-1=-1
b. f(0)=(0)°=0
c. f=30)+2=5
d  f(3)=3(3)+2=11
31, f(x):{lzx _ifxfo
ifx=0
a. Domain: {x| X is any real number}
b. x-intercept: none

102

y-intercept:
f(0)=1
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Section 2.4: Library of Functions; Piecewise-defined Functions

The only intercept is (0,1). b. x+3=0 -2x-3=0
Xx=-3 -2x=3
c. Graph: 3
y X = _E
.2) : _ 3
X-intercepts: -3, _E
s y-intercept:  f(0)=-2(0)-3=-3

The intercepts are (-3,0), {—%,O] , and

(0,-3).

d. Range: {y|y=0}; (—o0,0)u(0, =) c. Graph:
Yi
e. The graph is not continuous. There is a jump 3 %‘)2' D2
at x=0. L AN T o
-5 \_ 5

3x ifx=0 ~
32. f(x)= 0,3
) {4 ifx =0 @

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

b. x-intercept: none =8

y-intercept: f(0)=4
d. Range: {y|y<1}; (—o,1]
The only intercept is (0,4).
e. The graph is continuous. There are no holes

c. Graph: OF gaps.
y
—2X+3 ifx<1
i 34, ()= X+ ifx<
3x-2 ifx>1
(0, 4)
(1,3) a. Domain: {x| x is any real number}
T G T Y Y b. x-intercept: none
-5 5 X .
y-intercept: f(0)=-2(0)+3=3
(-1,-3)
The only intercept is (0,3).
-5

c. Graph:
d. Range: {y|y¢0}; (=00, 0) (0, »)

e. The graph is not continuous. There is a jump

at x=0. i 2
3 ifx<—2 =
X+ ITX<-—
3 f(”:{fzx—s ifx>—2

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

103
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Chapter 2: Functions and Their Graphs

d. Range: {y|y=1}; [L )

e. The graph is continuous. There are no holes

or gaps.
2X+5 if —-3<x<0

35. f(x)=4-3 ifx=0
-bx ifx>0

a. Domain: {x|x>-3};[-3 x)

b. 2x+5=0 -5x=0
2x=-5 x=0

o _ 5 (notin domain of piece)
2

. 5
x-intercept: ——
P 2
y-intercept: f (0)=-3
The intercepts are (—g,oj and (0,-3).

c. Graph:

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

e. The graph is not continuous. There is a jump
at x=0.

X+3 if —2<x<1
36. f(x)=45 ifx=1
—Xx+2 ifx>1

a. Domain: {x|x>-2};[-2 )

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

X-intercept: 2

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

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

c. Graph

i

sl-e(l1,5)

29(1,4]

Fﬁ'b//I(ln

I I I | | | it
-5 B 5

SF

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

e. The graph is not continuous. There is a jump

at x=1.
1 ifx<0
37. f(x)=9 X
Yx  ifx=0
a. Domain: {x| X is any real number}
1 3
b. ==0 3x=0
X

(no solution) x=0
x-intercept: 0

y-intercept: (0)=30=0
The only intercept is (0,0).

c. Graph:

v
T 11T

(1. 1)

I O I A '« T
-5 0, 0) 5

(-1,-1)

-2

d. Range: {y| y is any real number}

e. The graph is not continuous. There is a

break at x=0.
1+ X ifx<0
38. f(x)=
(9 {xz ifx>0

a. Domain: {x| x is any real number}
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Section 2.4: Library of Functions; Piecewise-defined Functions

b, 14x-0 W2 =0 e. The graph is not continuous. There is a hole
1 c—0 at x=1.
x-intercepts: -1,0 0. 109 | x| if —2<x<0
. _ e . X) =
y-intercept:  f(0)=0%=0 X3 ifx>0

The intercepts are (—1,0) and (0,0). a2 Domain: {x|—2£x<0andx>0} or

c. Graph: ._ {x]x2-2,x#0}; [-2,0)u(0,).

b. x-intercept: none
There are no x-intercepts since there are no

(-1, 0) values for x such that f (x)=0.
| X
-2 y-intercept:
» There is no y-intercept since x =0 is not in
the domain.
-2 c. Graph:
}..
d. Range: {y| y is any real number | 3‘_
e. The graph is not continuous. There is a jump (—2,2) B
at x=0.
2. () 2—X if —3<x<1 B (1.1)
. X) =
Ix o ifx>1 —L L

a. Domain: {x|—3§x<1andx>1} or

{X|x=-3x=1}; [-31)u(Lx).

b, 2-x=0 X =0 d. Range: {y|y>0}; (0,)
X=2

x=0 e. The graph is not continuous. There is a hole
(not in domain of piece) at x=0.

no x-intercepts

41. f(x)=int(2x
y-intercept: f(0)=2-0=2 (x) = nt(2x)

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

The intercept is (0,2). b. x-intercepts:
c. Graph: Al values for x such that 0 < x <.
A y-intercept: f (0)= int(z(o)) =int(0)=0
(=3,5) B
5 B The intercepts are all ordered pairs (x, 0)
- @2 when 0< x <.
(0’ 2) V./ 2
I I | I O I A |
-5 L 5 X
5

d. Range: {y|y>1}; (L)

105
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Chapter 2: Functions and Their Graphs

W

d. Range: {y|y is an integer}

e. The graph is not continuous. There is a jump

ateach x = g where k is an integer.

42, f(x) =2int(x)

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

b. x-intercepts:
All values for x such that 0 < x <1.

y-intercept:  f (0)=2int(0)=0
The intercepts are all ordered pairs (x,0)
when 0<x<1.

c. Graph:

YA

4+ —0

— &—0o
L 111 T
—4 -+

-—

—o ]

d. Range: {y| y is an even integer}

e. The graph is not continuous. There is a jump
at each integer value of x.

43. Answers may vary. One possibility follows:

X if —1<x<0
f(x)= :
1 if0<x<2
44. Answers may vary. One possibility follows:
—X if —1<x<0
f00=11

X if0<x<2
2
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45,

46.

47.

48.

49.

50.

Answers may vary.

f(X):{ZXJrZ

X

Answers may vary.

—X
)= {—x+2

o

One possibility follows:
if -1<x<0
ifx>0

One possibility follows:
ifx<0
ifO<x<2

f(1.2) =int(2(1.2)) = int(2.4) = 2

b.  f(L6)=int(2(1.6))=int(3.2) =3

f(-1.8) = int(2(~1.8)) = int(~3.6) = -4

Tj = int(— 09) = —1

C.
a  f(L2)=int (%) —int(0.6) =0
b. f(1.6)=int (?j =int(0.8) =0
c. f(-1.8)= int(_1'8
_ {19.99 if 0<x<250
0.25x—42.51if x > 250

a. C(100)=%$19.99

. C(320)=025(320)-42.51
' — $37.49
C(251)=0.25(251) - 42.51
=$20.24
3 ifO<x<3
F(x): 5int(x+1)+l if3<x<9
50 if9<x<24
a. F(2)=3

Parking for 2 h
b. F(7)=5int(7

Parking for 7 h
c. F(15)=50
Parking for 15
d. 24 min- ! hr_
60

ours costs $3.
+1)+1=41
ours costs $41.

hours costs $50.

=0.4hr

F(8.4)=5int(8.4+1)+1=5(9)+1=46
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51.

52.

53.

Section 2.4: Library of Functions; Piecewise-defined Functions

Parking for 8 hours and 24 minutes costs
$46.

Charge for 20 therms:
C =19.50+0.91686(20) + 0.3313(20)

=$44.46
Charge for 150 therms:
C =19.50+0.91686(30) + 0.3313(30)
+0.5757(120)
=$126.03
For 0<x<30:
C =19.50+0.91686x + 0.3313x
=1.24816x +19.50
For x>30:
C =19.50+0.91686(30) + 0.5757(x — 30)
+0.3313(30)
=19.50+27.5058+0.5757x —17.271
+9.939
=0.5757x+39.6738
The monthly charge function:
1.24816x+19.50 for 0<x<30
B {0.5757x +39.6738 for x> 30

Graph:
150 FEHHEFHH
a0, 12603)

1002

50

Charge (dollars)

(30,56.94)

(0,19.50) ‘ TT ‘

0 50 100 150 x
Usage (therms)

Charge for 1000 therms:
C =72.60+0.1201(150) + 0.0549(850)

+0.68(1000)
=$817.28

For schedule X:
0.11xif 0 < x <8000

880+0.17 (x—8000)if 80000 < x < x30,600
f (x) = 4722+0.24(x - 30,600)if 30,600 < x < 74,100
15162 +0.32(x — 74100) x > 74,100
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b. Charge for 6000 therms:
C =72.60+0.1201(150) + 0.0549(4850)

+0.0482(1000) + 0.68(6000)
= $4485.08

c. For 0<x<150:
C =72.60+0.1201x + 0.68x

=0.8001x + 72.60
For 150 < x <5000
C =72.60+0.1201(150) + 0.0549( x —150)
+0.68x
=72.60+18.015+0.0549x —8.235
+0.68x
=0.7349x +82.38
For x >5000:
C =72.60+0.1201(150) + 0.0549(4850)
+0.0482(x —5000) + 0.68x
=72.60+18.015+ 266.265 + 0.0482x — 241
+0.68x

=0.7282x+115.88
The monthly charge function:
0.8001x+72.60 if 0<x<150
C(x)=140.7349x+82.38 if 150 < x <5000
0.7282x+115.88 if x>5000

d. Graph:
CJ
- TTT T T T T T T TT]]|
Z 5000 (6000, 4485.02)
= 3000 Jﬁo, 3756.88)
22000( AT
5 10001 _»71000,817.28)
(0,72.60) \ 2000 4000 6000 *

(150, 192.62) Usage (therms)
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Chapter 2: Functions and Their Graphs

54. For Schedule Y -1:

55.

f(x) =

0.10x if 0<x<18,150
1815.00 + 0.15(x —18,150) if 18,150 < x < 73,800
10,162.50 + 0.25(x — 73,800) if 73,800 < x < 148,850

28,925.00+ 0.28(x —148,850) if 148,850 < x < 226,850
50, 765.00 + 0.33(x — 226,850) if 226,850 < x < 405,100
109,587.50 + 0.35(x —405,100)  if 405,100 < x < 457,600
127,962.50+0.396(x —457,600) if x> 457,600

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

C(x)=

C(x)=

(]
—
=]

-y
—
—]

Cost (dollars)

0.50x if 0< x <100

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
70+0.25x if 400 < x <800

270 if 800 < x <960

YA

275 [-(800, 270)};;‘11

60, 270)
|
|

©
|
|
0

,’2400, 170)-

}f

a0, s

0, 0) 500 1000 x

Distance (miles)

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

For hauls between 400 and 800 miles the cost is: C(x) =70+ 0.25x .
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Copyright © 2018 Pearson Education Ltd.



Section 2.4: Library of Functions; Piecewise-defined Functions

56. Let x = number of days car is used. The cost of
renting is given by
185 if x=7

-

E
= 100
222 if T<x<8 E@ 80
c(r)= 259 if 8<x<9 Eé 60 _dtb
“1296 if 9<x<10 E§ 40 _I' ]
333 if 10<x<11 = 20 '
= = &
=

370 if 11<x<14

b

ALT
20 500 1500 x

y Bill (dollars)

[
7 30p 0 59. a. W =10°C
= 333 oe
S 296}-{foe bW :33_(10.43+10JE ~15)@33-10) 400
2 25910 22.03
S 22200 W =33-1.5957(33-10)

1851'.- | . c. ~ 4oc
79111315 x ~-
Days

60. a. W =-10°C

57. a. Lets = the credit score of an individual who (10_45+10\/§_5)(33_(_10))

wishes to borrow $250,000 with an 80% LTV b. W =33_
ratio. The adverse market delivery charge is 22.04
given by ~-21°C
C(S)=12,250If s <659
(5) (10.45-+10V15 -15)(33-(~10))
8750if 660 < s <679 C. =33-
5250if 680 < 5 < 699 22.04
. =~ -34°C
3500if 700 <s<719
2625if 720 < 5 < 739 d. W =33-15058(33-(~10)) =-36°C
875if s> 740
61. Letx = the number of ounces and C(x) = the
b. 737 is between 720 and 739 so the charge q
would be $2625. postage due.
c. 664 is between 660 and 679 so the charge For 0<x<1: C(x)=%0.98
would be $8750. For 1<x<2: C(x)=098+0.21=$1.19
For 2<x<3: C(x)=0.98+2(0.21)=$1.40
58. Let x = the amount of the bill in dollars. The ]
minimum payment due is given by For 3<x<4: C(x)=0.98+3(0.21) = $1.61

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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Chapter 2: Functions and Their Graphs

62.

63.

For 12< x<13: C(x)=0.98+12(0.21) = $3.50
Ci

[
n
~

s 3.08
2.66

R

= 1.82
1.40

Postage (dollars)

=
=

24681012%
Weight (ounces)

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

.“'n ."| -} ,‘l 1?“
b PR
N/

L)

'.'l... "l\._'_ :__‘-" .|I|' )
N

\I'LI"-;",-"‘II x ]
2
If y=x%+k, k>0, the shiftis up k 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 isthe graph of y = x?, but shifted up
5 units.

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

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

units; if y = (x+k)?, k >0, the shift is to the
left k units. The graph of y = (x+4)? isthe
same as the graph of y = x?, but shifted to the
left 4 units. The graph of y = (x—5)? is the
graph of y = x?, but shifted to the right 5 units.

64.

65.

Each graph is that of y =| x|, but either
compressed or stretched vertically.

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

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

Y £
-"t. ..II.IJ’ X

., ,.-"'

ot

}’:-x;/ .hl"'
o

! \

n
Lh

w3
The graph of 'y =—| x| is the reflection of the

graph of y =| x| about the x-axis.

6
M I y= | I| _.-“-'
-\'h_-\-\-\. | _I_|-P' -~
S
-5 e 5
I
y=-xL~ b -
- [ T
- i -
)

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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Section 2.4: Library of Functions; Piecewise-defined Functions

66. The graph of y =+/—x is the reflection about the
y-axis of the graph of y=+/x .

67.

68.

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

".‘
, I'.-'"

w “'q._l.
"b
¥=2(=x)=1 ‘\H{r

_2 " M 5 “a a 12
s ~, x

[ i
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-1y=2
-
s
.-*‘_.-'A_P
- J-F'rll- —I—'-‘ 8
i *
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.

2 v

I| ||)"—-’C

Ff;y_x

&
i1z

69.

70.

71.

72.

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.

3 -y = x?

i \ o
o y=x
X

-1
1 if xisrational
(0=

|0 if xisirrational
Yes, it is a function.
Domain = {x| x is any real number} or (—o,o)
Range = {0, 1} or {y|y=0ory=1}
y-intercept: x=0= X is rational = y =1
So the y-interceptis y=1.

x-intercept: y=0= x is irrational
So the graph has infinitely many x-intercepts,
namely, there is an x-intercept at each irrational
value of x.

f (—x)=1= f (x) when x is rational;

f (—x)=0= f(x) when x is irrational.
Thus, fis even.
The graph of f consists of 2 infinite clusters of

distinct points, extending horizontally in both
directions. One cluster is located 1 unit above the
x-axis, and the other is located along the x-axis.

For 0 < x <1, the graph of y =x", rrational and
r > 0, flattens down toward the x-axis as r gets
bigger. For x > 1, the graph of y =x" increases
at a greater rate as r gets bigger.

x> —4+7=10
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Chapter 2: Functions and Their Graphs

73. X2 +y? =6y+16 7. E
X2 +y? -6y =16 8 B
X2+ (y?—6y+9)=16+9
X2 1 (y—3)% =52 9. D
Center (h,k): (0, 3); Radius =5 10. H
74. 3x-4y=12 1. A
-4y =-3x+12 11
= Ex—3 |
=3 13. C
The lines would have equal slope so the slope 14. L
3
would be —.
2 15. J
75. f(x)=2x*-5x*-3x on the interval (-1,3) 16. F
Use MAXIMUM and MINIMUM on the graph 17. K
of y, = 2x* —5x% —3x.
. 18. G
-1 3
/ 19. y=(x+4)
20. y=(x-4)
gi'nji';glinzﬂﬁ Y=-10.0Z648
— 12 — 21, y=x*-4
-1 ; 3 3
22. y=x"+4
23. y=-x°
IR vouosmusz 3 3
2555 2 24. y=(-x) =—x
local maximum: f (-0.26) = 0.41 .
local minimum: f (1.93) ~ —10.04 25. y= (EX) IRV
4 64
26. y=4x°
Section 2.5 27. (1) y=+/x+2
1. horizontal; right @ vy= _(&+ 2)
2.y 3) y=—(«/3+2)
3. False 28. (1) y=-x
4. True; the graph of y =—f (x) is the reflection (2) y=-vx-3
about the x-axis of the graph of y = f (). () y=—Vx-3-2
5 d
6. a

112
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29.

30.

31.

32.

33.

34.

35.

M y=vx+2
2) y=v-x+2
() y=-(x+3)+2=+-x-3+2

M y=—Vx
2 y=—+x+2
3) y=-x+3+2

(c); Togofrom 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); Togo 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); Togofrom y=f(x) to y=2f(x), we

stretch vertically by a factor of 2. Multiply the
y-coordinate of each point on the graph of

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

(c); Togofrom 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).

a. Thegraphof 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. Thegraphof 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.

Section 2.5: Graphing Techniques: Transformations

36.

37.

The graph of y=4f (x) is the same as the

graph of y = f (x), but stretched vertically

by a factor of 4. Therefore, the x-intercepts
are still =5 and 3 since the y-coordinate of
each is 0.

The graph of y = f (—x) is the same as the

graph of y = f (x), but reflected about the
y-axis. Therefore, the x-intercepts are 5 and

-3.
The graph of y = f (x+4) is the same as

the graph of y = f (x), but shifted 4 units to

the left. Therefore, the x-intercepts are —12
and -3.

The graph of y = f (x—3) is the same as
the graph of y = f (x), but shifted 3 units to

the right. Therefore, the x-intercepts are -5
and 4.

The graph of y =2f (x) is the same as the

graph of y = f(x), but stretched vertically

by a factor of 2. Therefore, the x-intercepts
are still -8 and 1 since the y-coordinate of
each is 0.

The graph of y = f (—x) is the same as the

graph of y = f (x), but reflected about the
y-axis. Therefore, the x-intercepts are 8 and

-1.

The graph of y = f (x+2) is the same as
the graph of y = f (x), but shifted 2 units to
the left. Therefore, the graph of f (x+2) is
increasing on the interval (-3,3).

The graph of y = f (x—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).
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Chapter 2: Functions and Their Graphs

c. Thegraphof y=—f (x) is the same as the ¥/
graph of y = f (x), but reflected about the 2.5
x-axis. Therefore, we can say that the graph \ /
- 1
of y=—f (x) must be decreasing on the ( ll’ 10‘) ( ; 0)}
. N 7 ol
interval (-1,5). _l(([),j_l)
i
d. Thegraphof y = f (—x) is the same as the [T

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 [—1"’0) :

interval (-5,1).

The domain is (—o,0) and the range is

40. f(x)=x"+4

38. a. Thegraphof y=f (x+ 2) is the same as Using the graph of y = x?, vertically shift
the graph of y = f (x), but shifted 2 units to upward 4 units.
Y

the left. Therefore, the graph of f (x+2) is
decreasing on the interval (—4,5).

\ /
b. The graph of y= f(x-5) is the same as (=1, 5))’(.7‘(1? )

. ) (0, 4)
the graph of y = f (x), but shifted 5 units to
the right. Therefore, the graph of f (x—5) 5] x
is decreasing on the interval (3,12). The domain is (—o0,00) and the range is [ 4,0).

c. Thegraphof y=—f(x) is the same as the
41. g(x)=x*-1
Using the graph of y = x3, vertically shift
downward 1 unit.
-\.
interval (-2,7). 5

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

d. Thegraphof y = f (—x) is the same as the
graph of y = f (x), but reflected about the

‘.IIII:a'I;\‘IIIII’

y-axis. Therefore, we can say that the graph 1
of y = f(—x) must be increasing on the
interval (-7,2).
39, f(x)=x’-1 The domain is (—oo,oo) and the range is

Using the graph of y = x?, vertically shift (—00,00) .
downward 1 unit.
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42,

43.

44,

g(x)=x3+1
Using the graph of y = x*, vertically shift
upward 1 unit.

h

The domain is (—oo,oo) and the range is
(—oo,oo).
h(x) =vx+2

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

(_13
|
(=2,0
| |
The domain is [—Z,oo) and the range is [O,m).
h(x) =vx+1

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

JuEE
‘.‘;\“"TT =
&
\
\

=Y

[ -

.\ .I

5

(3.2)

/}'|||||:-'-

,0) 5

11
-5 (-

(0,
1
1

=3

The domain is [ ~1,00) and the range is [ 0,0).

Section 2.5: Graphing Techniques: Transformations

45. f(x)=(x-1)>*+2
Using the graph of y = x*, horizontally shift to

the right 1 unit [y: x 1 } then vertically

shift up 2 units [y (x —1) +2].
Yi

5_

B J(z,s)
0. 14 (1,2)
1

=5

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

46. f(x)=(x+2)°>-3
Using the graph of y = x*, horizontally shift to
the left 2 units [y =(x+ 2)3} , then vertically

shift down 3 units [y = (x+2)3 —3] :

¥
4

I T I .
5

11111

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

(00).
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Chapter 2: Functions and Their Graphs

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

a factor of 4.
Y)
9

(4.8)

I T O B
-2 _ (0.0 8

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

48. g(x)= %\/;
Using the graph of y = Jx, vertically compress

by a factor of %

Vi
5_

L1l T
=5 (0.0)

-5

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

49. f(x)=-x
Using the graph of y = 3/x , reflect the graph

about the x-axis.
.\‘
10

P

(-8.2) (-1, 1)

L 111 I T
=10

]. —1] (8 _2)

T T 120

50.

51.

52.

The domain is (—oo,oo) and the range is
(=o0,00).

f(x)=—x
Using the graph of y = Jx , reflect the graph
about the x-axis.

Jh
5_
0.0:
|||(||} I
-5 Ne(1.-1) 5
L @D
-5+

The domain is [ 0,0) and the range is (—o,0] .
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)1 , and then

vertically shift upward 1 unit

[y :3(x—2)2 +1]

-\Ih
5
(L4 (3.4
L Ve
T O O Y Y
- | 5
Y

The domain is (—o0,00) and the range is [1,).

f(x)=2(x+1)%-3
Using the graph of y = x*, horizontally shift to

the left 1 unit [y = (x+1)2} , vertically stretch

by a factor of 2 [y = 2(x+1)2} ,and then

vertically shift downward 3 units
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53.

54.

I T
Lo0.-1) 5

2,41
(-1,-3) B

5+

The domain is (—oo,oo) and the range is
[—3,00).

g(x) =3|x+1|-3

Using the graph of y =| x|, horizontally shift to
the left 1 unit [y = |x+]ﬂ , vertically stretch by a
factor of 3 [y =3|x +]H , and vertically shift

downward 3 units [y =3x+1 —3} .
YA
S L

(—2,0)
L 11y 1
-5

(—1,-3)

-5

The domain is (—o,0) and the range is
[—3,00).

g(x)=2+x-2+1
Using the graph of y = Jx, horizontally shift to
the right 2 units [y =~/X— 2} , vertically stretch

by a factor of 2 [y = 24X~ 2} , and vertically

shift upward 1 unit [y =2x-2 +1} .

Section 2.5: Graphing Techniques: Transformations

55.

56.

117

T T O

-7

The domain is [ 2,00) and the range is [1,00).

h(x) =v/—x -2
Using the graph of y = Jx , reflect the graph
about the y-axis [y = \/3] and vertically shift

downward 2 units [y =J—x - 2} .

-\.J\

5_

(-4, 0) B
~-y | | | I I T

-5 - 5

(L -1

0,-2)

_5—

The domain is (—o,0] and the range is [ -2, ).

h(x) =£+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

units {y:£+ 2} .
X

-5
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Chapter 2: Functions and Their Graphs

57.

58.

59.

The domain is (—o,0)w(0,00) and the range is
(—0,2)U(2,).

f(x)=-4Vx-1
Using the graph of y = Jx, horizontally shift to
the right 1 unit [y = \/x—l] , reflect the graph
about the x-axis [y =—y/X —1} , and stretch

vertically by a factor of 4 [y =—4yx —1} .
h

I P O O O O .

-9

The domain is [1,.0) and the range is (—o0,0] .

f(x)=—-(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} .

N

I -

-5 5

_(U. —2)
%X
The domain is (—oo,oo) and the range is

(00).

g(x) =42 -x =4/~(x-2)
Using the graph of y = Jx , reflect the graph

118

60.

61.

about the y-axis [y = \/—_XJ , horizontally shift

to the right 2 units [y = —(x- 2)} ,and

vertically stretch by a factor of 4

sl

YA
8 f—
(—%-

(L4

[0
L 2,00 5
2+

L

The domain is (—o,2] and the range is [ 0,) .

g(x):2|l—x|:2|—(—1+ x)|:2| x—1|

Using the graph of y =| x|, horizontally shift to
the right 1 unit [y = |x—]” , and vertically
stretch by a factor or 2 [y = 2|x—]” .

Y
5

(0.2)

Ll
-5

=5

The domain is (—o,%0) and the range is [O,oo).

f(x)=3x-1+3
Using the graph of f(x) = 3Ix, horizontally shift
to the right 1 unit [y =3x —1} , then vertically

shift up 3 units [y = «3/x—1+3} .
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Section 2.5: Graphing Techniques: Transformations

YA b. G(X)=f(x+2)
- | I Shift left 2 units.
) gt y
O, 5) sk
-7,y Y i
e—toT1(0, 2) (22 [0.2)
=10 10/ x |y L1 _|_(2|'01,-'-
=7 n 3
- (-6, -2) _
. 5_
The domain is (—oo,oo) and the range is
(o0, 0). c. PMX)=-f(x)
Reflect about the x-axis.
1 N
62. h(x)=— YA
) 2X S
Using the graph of y = 1 , vertically compress (-4,2) B
X | 4,0
bftfl Iklllll(l)l.-_‘-
a factor of =. 5 5
y > \_
y A 0,-2) (2,-2)

H(L 1) T

d HX)=f(x+)-2
k-x Shift left 1 unit and shift down 2 units.

N

( 1\ 1

_E’ -1) = _

s [/. L o 69, % &
The domain is (—,0)(0,) and the range is _"/ E " ;2)
(—oo,O)U(0,00). 5.4 |

63. a. F(X)=f(x)+3
Shift up 3 units.

Y

e QW =%f(x>

7—
. 1
- Compress vertically by a factor of —.
(0, 5) '_ﬁ) p y oy 2
- (4, 3) YA
(=4, 1) B SC
[ I -
- - > ©O.hC @1
4k Ll et LN L
S+ L 405
(-4, -1) R
_5

119
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Chapter 2: Functions and Their Graphs

f. g()="f(-x
Reflect about the y-axis.
.\.I

h
S+

(-2,2) (0,2)

-5 (4,0 5

T T T
_
>
|
)
=

=3

g. h(x)=f(2x)
Compress horizontally by a factor of %

.\j

5

(0.2)

)
rJ
—

ﬂ

L

=

e
£

(=

L1 11
-5

(-2,-2)

=5

64. a. F(X)=f(x)+3

Shift up 3 units.
YA
8

(2,5)

i, -

b. G(X)=f(x+2)
Shift left 2 units.
-\‘
5

(0,2)

N
TN

(-6,-2) (-4,-2) |-@2,-2)

_5+

120

C.

d.

P(x)=-1(x)
Reflect about the x-axis.
¥,
5

(-4,2) (-2,2) 4,2)

I T N Y A I .
-5 ™ 5

C 2,-2)

5K

H(x)=f(x+1)-2

Shift left 1 unit and shift down 2 units.

YA
5

T T T T

1,0
Ll 111 (1|)|||_J-

-5 5

_/

(=5.-hH(-3.4) -5

T T

3,4

Q)= 1)

Compress vertically by a factor of %

.r
5

rr1rrr1r -

L1111 ] [
-5 N S
(—4,-1) (-2,-1)

T T T TT

-3

9(x) = f(=x)

Reflect about the y-axis.
YA
5

(-2,2)

T T T T71

I A T N T I T .

—5/ ™ 5

(-4,-2) -(2,-2)(4,-2)

5+
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g h(x)=f(2x)

Compress horizontally by a factor of % :

-\.J\
5 f—

(1,2

1 I .

|
-5 \
(-2,-2) (2,

(-1,-2)

-5

65. a. F(X)=f(Xx)+3

Shift up 3 units.

)

b. G(X)=f(x+2)
Shift left 2 units_.

.'.J\
2_
(=2.1)

| | |
—ETrjrr \ ™ 2w

N
(-w—2.-1) |(m—2,-1)

_2_

Section 2.5: Graphing Techniques: Transformations

c. P(X)=-1(x)
Reflect about the

Vi
M=

X-axis.

(. 1)

/.

1]
2

(0, —1)

d HKX="f(x+1)-2
Shift left 1 unit e}nd shift down 2 units.

4

—2m (1. -D[

e Q=31

Compress vertically by a factor of % .

y
2

]

L
1
1

(-=-1)

T
3

f.og(x)="1(x)
Reflect about the
.1'I

-

y-axis.

121
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Chapter 2: Functions and Their Graphs

g. h(x)=f(2x)

Compress horizontally by a factor of % .
.‘I
(0, 1) 4<l

q+

.
[N
|
—

66. a. F(X)=f(x)+3

Shift up 3 units.
.\.
8

b. G(X)=f(x+2)
Shift left 2 units.

c. P(X)=-1(x)
Reflect about the x-axis.

-\.J\
2 f—

p—
£

2+

122

H(x)=f(x+1)-2
Shift left 1 unit and shift down 2 units.

Q=3 1)

Compress vertically by a factor of %

.\.1 h

x 1
(G
| | | N
i xoox
\;4_ :
(3.3 °
-1+
9(x) = f(=x)
Reflect about the y-axis.
.\.1\
L2
(-3-1)
| 1 F—
- _& s
(5:-1)
2+ -
h(x) = f(2x)

Compress horizontally by a factor of %

Copyright © 2018 Pearson Education Ltd.
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67. f(x)=x?+2x
f(x)=(x*+2x+1) -1
f(x)=(x+1)>°-1

Using f(x) = x?, shift left 1 unit and shift down

1 unit.

T
-5(-2,0) | (0, 0) 5

|
—_
|
—
—
]

68. f(x)=x>-6x
f(x)=(x*—6x+9)—9
f(x)=(x-3)2-9
Using f(x) = x?, shift right 3 units and shift

down 9 units.
.

-3 (0,0) (6,0)

-9 (3,-9)

69. f(x)=x*-8x+1
f(x)= (x2 —8x+16)+1—16
f(x)=(x—4)°-15

Using f(x) = x?, shift right 4 units and shift
down 15 units.

Vi

f().l)\ ﬁ&])
| I Y | X

9

o
n
I

(4, -15)

Section 2.5: Graphing Techniques: Transformations

70. f(X)=x?+4x+2
f(x) =(x2 +4x+4)+2—4
f(X) =(x+2)2 -2
Using f(x) = x?, shift left 2 units and shift

down 2 units.
-“
5
(-4, 2) (0,2)
AV I T
-5
(-2,-2)

-J

71 f(x)=2x*-12x+19
= 2(x* -6x)+19
= 2(x* ~6x+9)+19-18
=2(x-3)° +1
Using f (x)=x?, shift right 3 units, vertically
stretch by a factor of 2, and then shift up 1 unit.

(2.3)

(4.3)
(3. 1)

I I
5

%
T 1T 1717

72. f(x)=3x"+6x+1
:3(x2 +2x)+1
=3(x* +2x+1)+1-3
=3(x+1)" -2
Using f(x)=x?, shift left 1 unit, vertically

123
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Chapter 2: Functions and Their Graphs

stretch by a factor of 3, and shift down 2 units.
YA
10+

(0.1)
L1 11

-5 /L ~|~

—10-

73. f(x)=-3x*-12x-17
=—3(x2 +4x)—17
= =3(X* +4x+4)-17+12

=-3(x+ 2)2 -5
Using f(x)=x?, shift left 2 units, stretch

vertically by a factor of 3, reflect about the x-
axis, and shift down 5 units.
Yi

[ I e
5

N I I
=3

(=2.-5)

(=3.-8)

(-1, -8)

74, f(x)=-2x"-12x-13
=—2(x2+6x)—13
:—2(x2+6x+9)—13+18
= —2(x+3)2 +5

Using f (x)=x?, shift left 3 units, stretch
vertically by a factor of 2, reflect about the x-

axis, and shift up 5 units.

-
P

(=3.5)

T I .3
5

75 a. y=|[f(x)|

YA
2_
(=2, 1) (-1, 1) (1,1)
(2,0)
| | =
-2 2
2+
b. y=1(]x|)
YA
2_
(-1, 1) (1,1)
(-2,0) (2,0)
| =
-2 2
2+

76. a. Tograph y=| f(x)|, the part of the graph
for f that lies in quadrants Il or 1V is

Copyright © 2018 Pearson Education Ltd.



77.

reflected about the x-axis.

YA
2_
(-1. 1) (1. 1)
¥ 1 \/\ =
-2 2
ok

Tograph y = f (| x|), the part of the graph

for f that lies in quadrants Il or 111 is
replaced by the reflection of the part in
quadrants I and IV reflected about the y-
axis.

=2+

The graph of y = f (x+3)-5 is the graph
of y=f(x) butshifted 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
graph of 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

(-1.3).

Section 2.5: Graphing Techniques: Transformations

78. a. Thegraphof y=g(x+1)-3 isthe 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 graph of 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).
79. a. f(x) =int(-x)
Reflect the graph of y =int(x) about the y-
axis.

R\f

b. g(x) = —int(x)
Reflect the graph of y =int(x) about the x-
axis.

yi

5

v o

=Y

S| Te0

80. a. f(x)=int(x-1)
Shift the graph of y =int(x) right 1 unit.

125
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Chapter 2: Functions and Their Graphs

b. Azlbh
2

1
=2©)@ =9

The area is 9 square units.

82. 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

b. g(x) =int—x) = int(—(x 1)) by a factor of 2 and flip on the x-axis

Using the graph of y = int(x), reflect the [y - _2|X - 4” , and vertically shift upward 4

graph about the y-axis [ y = int(-x) |, units [y = -2|x—4+ 4] .
horizontally shift to the right 1
o Yi
unit[ y = int(-(x-1)) . _
yh e (4A4
5
-
- [\ $ X
X (2,0)
5
1
b. A==bh
81. a. f(x)=|x-3|-3 2
Using the graph of y =| x|, horizontally shift - 3(4)(4) -8
2
shift downward 3 units [y =[x-3 _3J : 83. a. From the graph, the thermostat is set at 72°F
y during the daytime hours. The thermostat
_"L appears to be set at 65°F overnight.
b b. Tograph y=T(t)-2, the graph of T (t) is
shifted down 2 units. This change will lower
(6,0
(0, 0 X
(3: '3) —

EEEE

126
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84.

C.

the temperature in the house by 2 degrees.

Ty
o
76
]
E 72 :
= 6811
2 644 L
£ 60
o >

0 510152025 ¢
Time (hours after
midnight)

Tograph 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 5am instead of 6am
and will begin cooling down at 8pm instead
of 9pm.

Ty

=)

[

=9
|
L
r
1

—]

Temperature (°F)
29233

Y

0 510152025
Time (hours after
midnight)

R(0) = 28.6(0)° +300(0) + 4843 = 4843

The estimated worldwide music revenue for
2012 is $4843 million.

R(3)=28.6(3)" +300(3) + 4843
= 6000.4

The estimated worldwide music revenue for
2015 is $6000.4 million.

R(5)=28.6(5)" +300(5)+ 4843
= 7058

The estimated worldwide music revenue for
2017 is $7058 million.

127

Section 2.5: Graphing Techniques: Transformations

b. r(x)=R(x-2)
=28.6(x—2)" +300(x - 2)+ 4843
= 28.6(x" ~ 4x+4)+300(x-2)
+4843

= 28.6x> —114.4x +114.4 + 300x
— 600+ 4843

= 28.6x° +185.6x + 4357.4

c. Thegraph 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)=28.6(2)° +185.6(2)+4357.4 = 4843
The estimated worldwide music revenue for
2012 is $4843 million.

r(5)=28.6(5)° +185.6(5)+ 4357.4

=6000.4
The estimated worldwide music revenue for
2015 is $6000.4 million.

r(7)=28.6(7)° +185.6(7)+4357.4

= 7058
The estimated worldwide music revenue for
2017 is $7058 million.

d. In r(x), x represents the number of years

after 2010 (see the previous part).

e. Answers will vary. One advantage might be

that it is easier to determine what value
should be substituted for x when using r(x)

instead of R(x) to estimate worldwide
music revenue.
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9 THIT
85. F==-C+32 fmin=_1
5 Lol %
F “min=-1
Wmax=3
288 - Wecl=1
256 ) Ares=1
24 |- (100, 212)
192 e. If the length of the pendulum is multiplied
el by k , the period is multiplied by vk .
96 2
64 - 87. y=(x-c)
32470,32)
4 [T T T Y S Y B |fC=0,y=X2.
0| 10 20 30 40 50 60 70 80 90 100 2 A A .
If c =3, y =(x—-3)7; shift right 3 units.
_ _ 2. chi ;
Fz%(K—273)+32 Ifc=-2,y (x+2)l,(s)h|ftleft2un|ts.
. . . =2 ¥ a
Shift the graph 273 units to the right. f 1(/1_- =3
-
288
256
224 - (373, 212)
192 -
160
128 1~
(}6 fe
64
32 (273, 32)
4] AV Tlm 2‘;{1 7.]'[} %;f) %%ﬂ T,I"[] S
: SIS 88. y=x?+cC
| Ifc=0,y=x2
86. a. T =2rx|— 9 . .
g If c =3, y=x“+3; shift up 3 units.
AN If c = -2, y = x? —2; shift down 2 units.
Amax=3 ,
wecl=1 b
Yrmin=-1 ]
=3 /(—P_fd
Ve l=1 ‘
Ares=1
b. T,=2x liE,T2=2ﬂ I—ig;
9 g [N B AWAN x
-5 B
T,=2x lié \%
g .
THLIN ) )
mégf?ﬁ 89. The graph of y=4f(x) is a vertical stretch of
mecl=1 the graph of f by a factor of 4, while the graph of
Ymin=-1 . . .
Wrox=a y = f (4x) is a horizontal compression of the
Ve l=1
Ares=1 [

graph of f by a factor of %.
c. As the length of the pendulum increases, the

period increases. 90. The graph of y = f(x)—2 will shift the graph of
y = f(x) down by 2 units. The graph of
d. lezﬂ\/zj. T, :Zﬂ\/3:|. T, :27[\/4_7 y = f(x—2) will shift the graph of y = f(x) to
g g g the right by 2 units.
128
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91.

92.

93.

94.

95.

96.

The graph of y = \/3 is the graph of y = \/§
but reflected about the y-axis. Therefore, our
region is simply rotated about the y-axis and
does not change shape. Instead of the region
being bounded on the right by x =4, itis
bounded on the left by x =—4. Thus, the area of

the second region would also be % square
units.

The range of f(x)=x? is [0,00). The graph of
g(x) = f(x)+k isthe 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,o).

The domain of g(x) = v/x is [O,w). The graph
of g(x—k) isthe graph of g shifted k units to
the right, so the domaine of g is [k,o0).

3x-5y=30
-5y =-3x+30

3
=—X-6
y 5

The slope is % and the y-intercept is -6.

(-x)?+2 x*+2

F0=550 =
X2 +2
T '

Since f(-x)=-f(x) then f(x) isodd.

f(2)=(2)* -7(2)* +3(2)+9
=16-28+6+9=3
f(-2) = (-2)* = 7(-2)* +3(-2) +9
=16-28-6+9=-9
f(x)—f(x) 3-(-9)

X, =% 2-(-2)
4

Section 2.6: Mathematical Models: Building Functions

97.

y? = x+4

X-intercepts: y-intercepts:

(02 = x+4 y>=0+4
O=x+4 y2 =4
X=-4 y=12

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

y? = x+4 same

Test y-axis symmetry: Let x = —x
y? = —x+4 different

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

(-y)? = —x+4
y? = —x+4 different

Therefore, the graph will have x-axis symmetry.

Section 2.6

1.

129

a. Thedistance d from P to the origin is
d =/x*+y? . Since P isa point on the
graph of y = x? —8, we have:

d(x) =\/x2 +(x2 —-8)% =+/x* —15x% + 64

b. d(0)=40"-15(0)" +64 =

c. d@)=@0*-1501)>%+64
=\1-15+64 =+/50 =52 ~ 7.07

d. 40

-10 10
-5

e. d issmallest when x ~—-2.74 or when

X~274.
v=z.7HIEBZZ

Hiniraura
n="Z.7ZBRiz

Yoz 7HZHBZE
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Chapter 2: Functions and Their Graphs

2. a. Thedistance d from P to (0,-1) is 4. a. Thedistance d from P to the origin is
d =+/x*>+(y+1)? . Since P isa pointon d =+/x>+Yy? . Since P isa point on the
2 .
the graph of y = x* -8, we have: graph of y = 1 . we have:

d(x) = /X% + (x% —8+1)° X .

, (1 , 1 x4 +1

= (32 =7) =X 13 149 d(x)=y/x +(;) =t e
VX2 +1

b. d(0)=+0*-13(0)2+49 =/49 =7 _

x|
C. d(-1)=+/(-1)* —13(-1) + 49 = /37 ~ 6.08 ) .
d. 10 '
—5l. .15
-4 4
0

c. d issmallestwhen x=-1or x=1.

e. d issmallest when x ~-2.55 or when
X~ 255.

¥=itbibeize o [H=1

.

V=z.EOR07Ez V=2 EOROTEE 5. By definition, a triangle has area
1 . .

3. a. Thedistance d from P to the point (1, 0) is A= Eb h, b = base, h = height. From the figure,
d =/ (x-1)%+y?. Since P isa pointon we know that b= x and h=y. Expressing the
the graph of y = Jx , we have: area of the triangle as a function of x, we have:

1 1 /4y 15
2 =Zyxy== =
d(x) = 4/(x—1)? +(\/;) =Vx? —x+1 AR =50 =5 X(X )_ 5%
where x>0.

6. By definition, a triangle has area

b. A= %b h, b=base, h = height. Because one

vertex of the triangle is at the origin and the
other is on the x-axis, we know that
b=xand h=y. Expressing the area of the

00 2 triangle as a function of x, we have:
1 1 2\ 9 13
c. d issmallestwhen x=1. A(x)_Exy_Ex(Q—x )_EX_EX '

/ 7. a. A(x):xy:x(lG—xz)

b. Domain: {x|0< x<4}

Hiniraurm
H=Co0000yT LYY= BEE0ZEY
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9.

c. Theareais largest when x ~ 2.31.
Q

LN

Haxiriur
WE=Z. F094008 LY=2Y.63FA11 L

8. a. A(X)=2xy=2xy4-x?

b.  p(x)=2(2X)+2(y) = 4x+2vJ4—x?

c. Graphing the area equation:
4

H :I. '11'12115 =Y

The area is largest when x ~1.41.

d. Graphing the perimeter equation:
0

Maxiraun
H=1.7BEBBCEH .'Y=B.9442718 .
The perimeter is largest when x ~1.79.

a. InQuadrantl, x*+y* =4 y=+/4—x?
A(X) = (2X)(2y) = 4xy/4— X2

b.  p(x)=2(2X)+2(2y) = 4x + 44— x*

Section 2.6: Mathematical Models: Building Functions

c. Graphing the area equation:

Haxirum
w=l.biyzinz: Ly=8

The area is largest when x ~1.41.

d. Graphing the perimeter equation:

Haxiraur
W=1.414214% J¥=11.31%708 .

The perimeter is largest when x ~1.41.

10. a.  A(r)=(2r)(2r) = 4r?
b. p(r)=4(2r)=8r

11. a. C = circumference, A = total area,
r =radius, x = side of square
C=2nr=10-4x = r =5_—”2X

Total Area = area + area

Y2 2
square circle — X“+nr

2
AX) = X2 +7t(5 2X) X2+25 20x + 4x
T

b. Since the lengths must be positive, we have:
10-4x>0 and x>0

—-4x>-10 and x>0
x<25 and x>0
Domain: {x|0<x<2.5}

131
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Chapter 2: Functions and Their Graphs

c. The total area is smallest when x ~1.40
meters.
i
=e.0F7zal7 _W=z.99841z6
13. a. Since the wire of length 6x is bentinto a
0 2.5 circle, the circumference is 6x . Therefore,
0

c(x) =6x.

b. Since C=6x=2nr, r:3—x.

T
2 2

A(X)=nr? = n(%j _
T T

12. a. C =circumference, A = total area,

) ) ) . 14. a. Since the wire of length x is bent into a
r = radius, x = side of equilateral triangle

square, the perimeter is x . Therefore,

C = 2nr =10-3x = r = 203X p(x) =x.
2n 1
. . . VE] b. Since P=x=4s, s==x,we have
The height of the equilateral triangle is 7X . 4
2
Total Area = area;izgie +areagce A(X)=s% = (l x) _1 X2.
i 4 16
P g o
2 | 2 15. a. A =area, 3x = radius, diameter = 6x
Y A(x) = (6x)(3x) =18x?
A(X) = Ex2 + n[lo SXJ
4 n b. P =perimeter
B 2 +100—60x+9x2 P(x) = 2(6x) +2(3x)
4 4t =18x
b. Since the lengths must be positive, we have: . .
10-3x >0 and x>0 16. C =circumference, r = radius;
-3x>-10 and x>0 x = length of a side of the triangle

x<% and x>0

0<X<E}
3

c. The area is smallest when x = 2.08 meters.

Domain: {x

/3x

Since AABC is equilateral, EM =

V3 V/3x

0 3.33 Therefore, OM =%—OE =
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In AOAM , r? :(Xj (ﬂ_r]

2
r’ —x—z+§x2 —J3rx+r?
T4 4
J3rx = x?
ro X
3
Therefore, the circumference of the circle is
C(x)=2nr= Zn(i] :@x
V3 3
17. Area of the equilateral triangle
Al 3 J§ 2
2 2

From problem 16, we have r? = =—

Avrea inside the circle, but outside the triangle:

A(X) = r? —f 2
=TEX_2_£X2=(£_£JX2
3 4 3 4

18. d®=d;+d,’
d2 =(30t)* +(40t)’
t) = /90012 +1600t? =/2500t? =50t
d, =40t

d =30t

19. a. d®*=d?+d,’?
d? =(2-30t)" +(3-40t)*
d (t) = /(2 30)? + (3 40t)’
= /4120t + 900t2 +9 — 240t + 160012
—/2500t? 360t + 13

d, =3-40t

d, =230t

Section 2.6: Mathematical Models: Building Functions

b. The distance is smallest at t ~ 0.07 hours.

THOO
Anin=A
Anax=.19
wacl=.85
Ymin=-1
“rmax=4
Wscl=1 Hinimum

Ares=1 HE.OFENOLZE Y= i

20. r =radius of cylinder, h = height of cylinder,
V = volume of cylinder

2 2 2
r2+(gj :R23r2+hT:R2:r2:R2—h—

V =nr?h

Vv (h) :n(Rz —E]h = nh(Rz —EJ
4 4

21. r =radius of cylinder, h = height of cylinder,
v = volume of cylinder

By similar triangles: %: H-—h
r

H_H-h
R 2X
2Hx = RH —Rh
Rh = RH — 2Hx
b _ RH - 2Hx
R
H(R-2x)
R
V = zr?h
=ﬂr2(H(R—2x)j
R
H(R-2
::ﬂ(ZX)Z[——ﬁ————Elj
R
_AHz(R-2x)%°
- R

22. a. The total cost of installing the cable along
the road is 500x . If cable is installed x
miles along the road, there are 5—x miles
between the road to the house and where the
cable ends along the road.
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Chapter 2: Functions and Their Graphs

House

s 23. a. The time on the boat is given by d—31 The

time on land is given by RT_X

Island

Box 2 d;

Town
P X 12—x

5-x X

d =+/(5-x)% +2

—\25-10x+ X% +4 = /x? —10x+ 29

d, “x2422 =x2 44
The total time for the trip is:

The total cost of installing the cable is:
> : 12-x d; 12-x x*+4
C(x) =500x + 700y x? —10x + 29 T(x)= s t3 5 T3

Domain: {X|OSXS5}

b. C(L) =500(1)+ 700,12 —10(1)+ 29

b. Domain: {x|0£xs12}

_ 2
=500+ 700~/20 = $3630.50 c. T(4)= 125 4 +%
. = 7 21 2
c. C(3)=500(3)+700,/3% ~10(3)+29 28,20 20 hours
=1500+ 700/8 = $3479.90 3
_ 2
d. 4500 d. T(@) :12 8+ 8°+4
5 3
4, V68

=—+ ~ 3.55 hours
— 5 3

24. Consider the diagrams shown below.

—5

0 .
3000

e. Using MINIMUM, the graph indicates that
X =~ 2.96 miles results in the least cost.

e

Hinirm
=r.9

uri
EBFEEH  Y=:479.7950
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. a. Let A=amount of material, 0

Section 2.6: Mathematical Models: Building Functions

conical portion of water gives

2
4 v(n=tarth=2z[tn) h=Zpe,
3 3 4 48
25. a. length = 24-2x; width = 24 -2x;

height = x

V (X) = X(24 - 2x)(24 — 2x) = (24— 2x)?
& b. V(3)=3(24-2(3))* =3(18)?

=3(324) =972 in°.

_ S ) c.  V(10)=10(24-2(10))% =10(4)?
There is a pair of similar triangles in the

i3
diagram.  Since the smaller triangle is similar to =10(16) =160 in”.
the larger triangle, we have the proportion
r 4 r 1 1
—=—=>—="=r==h
h 16 h 4 4
Substituting into the volume formula for the

b. A1)=1"+ M _1+a0-a11t
Yy, = X(24 - 2x)? B
100 c. A2)=2%+ 420 = 4+20=24 ft?
40
d. y=x t—
100
Use MAXIMUM.
1100
0 = 10
100
Haxirum
) I e 12
0

The volume is largest when x =4 inches.

Hiniraur
HEe.fibyies LY=2e 104189 . 10

. 0
x = length of the base, h = height , and The amount of material is least when
V = volume. x =271 ft.

2 10
V=xh=10=h ‘X_z 27. The center would be the midpoint
Total Area A= (Areay, )+ (4)(Areagq,) (h,k) = [4 + 2_6) , _52+ 3)
2
= X" +4xh
10 = [_—27_—2j =(-1-Y)
=X +4x( 2) 22
X The distance from the midpoint to one of the
Y point would be the radius.
. = (14 + (1= (-5)) =(-5)" + (4)?
2
A(x)=x"+=- = \/25+16 = /41
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Chapter 2: Functions and Their Graphs

28. In order for the 16-foot long Ford Fusion to pass

29.

30.

the 50-foot truck, the Ford Fusion must travel the
length of the truck and the length of itself in the
time frame of 5 seconds. Thus the Fusion must
travel an additional 66 feet in 5 seconds.

Convert this to miles-per-hour.

5 . 5 1
5560—% min = 3600 hr =70 hr.
66 .
06 Tt = 5250 M

: 66
speed:m — 5280 .= 9 mph
time =20

Since the truck is traveling 55 mph, the Fusion
must travel 55 + 9 = 64 mph.
Start with y = x. To shift the graph left 4 units

would change the function to y = (x+4)%. To
shift the graph down 2 units would change the
functionto y = (x+4)? -2.

(—oo, —2) U(—2,5]

Chapter 2 Review Exercises

1.

This relation represents a function.
Domain = {-1, 2, 4}; Range = {0, 3}.

This relation does not represent a function, since
4 is paired with two different values.

100 =—3%

a @)= (33;(231 -1
e 1= (—3>E)_2X11 ) x_23—X1
d _f(X):_(XSilj: X_23—Xl

136

e. f(x—3)=3(x—_23)
(x-3)° -1
_ 3x-3 _ 3x-3
(x> -6x+9)-1 x?—-6x+8
P TE R O

(Bx)2-1 9x*-1
4 f(x)=Vx*-4

a f(3)=v3-4=45

b. (-3 =(-3)-4=+5

F(=X) = (-X)2 -4 =/x* -4

C.
d —f(x)=-Vx’-4
e. f(x—3)=+(x-3)%>-4

=(x* -6x+9)-4
=Vx* —6x+5

f. f(30=y@x2-4=ox* -4

2
5. f(x)=X_2
X
3¥-4 5
a. f(S)— 32 —§
2
b. f(_3):(_3)—_4:§
(-3 °
N f(_x):(—x)2—4:x2—4
(_X)Z XZ
X2 —4) —x’+4
d —-f(x)=- =
(x) (xz 2
. f(x_s)_(x—3)2—4_(x2—6x+9)—4
' (x—3)? (X*> —6x+9)
_ X’ —6x+5
X2 —6x+9
¢ f(SX):(Sx)2—4:9x2—4
(3x)? 9x?
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6.

10.

11.

X
f(x)=
(x) 7 9

The denominator cannot be zero:
x2-9%0
(x+3)(x-=3)=0
x#=-30r3
Domain: {x|x# -3, x =3}

f(xX)=+7-2x

The radicand must be non-negative:
7-2x20

7

2

X<

Domain: {x

<_; —00. —
X< }or[ 00, :|

9(3) = L]
X
The denominator cannot be zero:
x=0
Domain: {x| x 0}

2X
X2 +4x-5
The denominator cannot be zero:
X2 +4x—5%0
(x+4)(x-1)=0
x#lor -4

f(x) =

Domain:{x|x # -4, X ;tl}

The denominator cannot be zero:
x2—420

(x+2)(x=2)=0

X#—20r2

Also, the radicand must be non-negative:
Xx+1>0

x=>-1
Domain: [-1,2)u(2,%)

_ X
9= V3x+10

The radicand must be non-negative and not zero:

12.

13.

Chapter 2 Review Exercises

3x+10>0

X>—?

Domain: {x

x>-10
3

f(x)=2-x g(x)=3x+1

(f+9)0)=f(x)+g(x)
=2-X+3x+1=2x+3

Domain: {x| x is any real number |

(f—9)(x) = f(x)-9(x)
=2-x—(3x+1)
=2-x-3x-1
=-4x+1

Domain: {x| X is any real number}

(f-9)(x)=f()-9(x)
=(2-x)(3x+1)
=6Xx+2-3x* - X
= —3x% +5X+2

Domain: {x| x is any real number |

f Cf(x)  2-x
[aj(x)_ g(x) 3x+1
3x+1+0

3x¢—1:x¢—%

X% %
3

f(x)=4x*+3  g(x)=x-2
(f+9)(x) = f(x)+9(x)
=4x% +3+x-2

Domain: {x

=4x% +x+1
Domain: {x| x is any real number |

(f-9)(x) = f(x)-9(x)

= (4x* +3)(x-2)

=4x3 -8x* +3x-6
Domain: {x| X is any real number}
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Chapter 2: Functions and Their Graphs

14.

f f(x) 4x’+3
—(X)=—<L =
(9)0 g(x) " x-2
X—220=>x#2
Domain: {x|x¢2}

=21 g=1

(f+9)(x) = f (x)+9(x)
:X+1+£:x(x+1)+1(x—1)
x-1 X x(x-1)

X3 x+x-1 x*4+2x-1
ox(x=1) 0 x(x-1)

Domain: {x| X #0,X ;tl}

(f-9)(x) = f(x)-g9(x)
x4l 1 x(x+1)-1(x-1)

Tx-1 x x(x-1)

X2 ax-x+1 . x* 41
Tox(x=1) x(x-1)

Domain: {x| X # 0, X ¢1}

x—1 )\ x

(f -9)(x) = f(X)'g(X):(X+1j(lj ) X(XX+_11)

Domain: {x| X #0,X ;tl}

X+1

(Hoo=Ll_xct (xe1y(x)_x0cd

x|

Domain: {x| X #0,X ¢1}

15. f(X)=-x*>+7x+3

f(x+h)-f(x)
h
—(x+h)? +7(x+h)+3—(—x2 +7x+3)
h
X2 —h? - 2xh+ 7x+7h+3+ x> —7x-3

h
_ —2xh—-h?+7h

H =-2x-h+7

16.

Domain: { x| ~4<x<3}; [-4,3]
Range: {y|-3<y<3};[-33]
Intercept: (0,0)

f(—2):—1

f(x)=-3 whenx=—4

f(x)>0 when 0<x<3
{x]0<x<3}

Tograph y = f (x—3) , shift the graph of f
horizontally 3 units to the right.

-\‘J

6
y=/flx=3)

B (6, 3)
3, 0)
I I ]
> 6

6 -
(1,-1)

(-1. —3)/

-6

]

—
—

(=}

\

Tograph y=f (% x) , stretch the graph of

f horizontally by a factor of 2.

Ay
61 .
L L)
=137
B (6,3)
Ll il i1 aAT 111 X
-8 (0, 0) [
(_4!_]) [
(_83_3J [
-6

To graph y=—f(x) , reflect the graph of f
vertically about the y-axis.

YA
6—
(—4.3) - v =—f(x)
AN X
-6 0,00 6
- *@3,-3)
6F
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17.

18.

19.

20.

21.

22.

a. Domain: (—,4]

Range: (—o,3]

b. Increasing: (—»,—2)and (2,4);

Decreasing: (-2,2)

c. Local minimumis -1 at x=2;

Local maximumis 1at x=-2

d. No absolute minimum;

Absolute maximumis 3 at x=4

e. The graph has no symmetry.
f.  The function is neither.
g. x-intercepts: -3,0,3;

y-intercept: 0
f(x) = x® —4x
f(=x) = (-x)% —4(=x) = = + 4x
= —(x3 —4x) =—f(x)

f isodd.
5+ 2x2
X) =
90 3+x°
5+2(-x)> 5+2x2
9(=x) 3+(-x)®  3+x° 9%
g iseven.
G(X)=1-x+x°

G(=x) =1-(-X) + (-x)°
=1+ x—x3 % -G(x) or G(x)
G is neither even nor odd.

3
f(X)=———
) 2+x2+2x*
3(-x)® -3x*
T RN G M S
24+ (=X) +2(=x)"  24+x°+2X
f isodd.

f (x)=2x*-5x+1 on the interval (-3,3)
Use MAXIMUM and MINIMUM on the graph
of y, =2x% -5x+1.

Chapter 2 Review Exercises

20

171 7]

-

-3 o
/ Hiniraura
i

P Iv:u.auzsan = gitaroze [vs -zomzans
—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);

f is decreasing on: (-0.91,0.91) .

23. 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 3
Hiniraurn Haxirmur
H=-3Zachil W= E4ZiEEL: H=41ze0zB% Y=1.5319641
~10 -10
20
-2 \— / 3
- T
Hiniraur
n=1.7978z71L Y=-z.Ee4BGEE
-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).

24. f(x)=8x"-x
f)-f@O _8(2)°-2-[8®)*-1

2-1 1
=32-2-(7)=23
b, TM-1(0) _8(1)*-1-[80)°-0]
' 1-0 1
:8—1—(0):7
f(4)-(2) _8(4)°*-4-[8(2)*-2]
4-2 2
128-4-(30) 94
= W
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Chapter 2: Functions and Their Graphs

25. f(x)=2-5x

t(5)-f(3) _[2-5(5)]-[2-5(3)]
5-3 5-3

_(2-2)-(2-15)

_ . __

26. f(x)=3x—4x?

fe)- 1@ | 35)-40) |-[3(3)-4(3)'|
5-3 5-3
(15-500) - (9-108)

= =-193
2

27. The graph does not pass the Vertical Line Test
and is therefore not a function.

28. The graph passes the Vertical Line Test and is
therefore a function.

29. f(x)=|¥
YA
5_
(<2, 2) .2
L1l NA T 111
-5 0, 0L 5
-5+
30. f(x)=x
.Illll
:-_‘_
(1.1)
L (4,2)
I [
=5 (0.0) 5

31. F(x)=|x|-4. Using the graph of y=|x]|,
vertically shift the graph downward 4 units.

32.

33.

Intercepts: (—4,0), (4,0), (0,-4)
Domain: {x| x is any real number}

Range: {y|y=>-4} or [-4, )

g(x) =-2| x|. Reflect the graph of y =| x|

about the x-axis and vertically stretch the graph

by a factor of 2.
¥y

Intercepts: (0, 0)
Domain: {x| x is any real number |

Range: {y|y <0} or (-, 0]

h(x) =+/x—1. Using the graph of y =+/x
horizontally shift the graph to the right 1 unit.

YA
5_
~ (5, 2)
_ii"l)//'
||__||||11|r-_’c
-2 (1, 8
-5+

Intercept: (1, 0)
Domain: {x|x=1} or [1, =)

Range: {y|y >0} or [0, )
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34.

35.

36.

f(x) =v1-x =,/—(x—-1) . Reflect the graph of

y= Jx about the y-axis and horizontally shift
the graph to the right 1 unit.

y

-5

Intercepts: (1, 0), (0, 1)
Domain: {x|x<1} or (-, 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.

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 = x3, 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.

141

37.

38.

Chapter 2 Review Exercises

Intercepts: (0,—24), (—2—%, o) ~(-3.6,0)
Domain: {x| x is any real number |

Range: {y| y is any real number}

£ = {3x

Xx+1

if —2<x<1
ifx>1

a. Domain: { x|x>-2} or (-2, =)
b. Intercept: (0,0)

c. Graph:

e

N
T 17

(2.3)

L1 11

I T T O L
5

=J

(-2,-6)

d. Range: {y|y>-6} or (-6, )

e. Thereisajump inthe graphat x=1.
Therefore, the function is not continuous.

X if —4<x<0
f(x)=+1 ifx=0

3x ifx>0
a. Domain: {x|xx-4} or [-4, )

b. Intercept: (O, 1)
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Chapter 2: Functions and Their Graphs

c. Graph: e. Thereisajumpat x=0. Therefore, the
y function is not continuous.

.3 39. f(9 =22
AQL) +5
6()-2
A+5
4
(44 _s A+5=16
A=11

andf () =4

4

-4

d. Range: {y|y>-4,y=0}

41. a. Consider the following diagram:

10 P(x.y)
40. a. x*h=10 = h== _ 2
NG y=10-x
A(X) = 2x? +4xh X
=2x2 + 4x(¥j
X
40 The area of the rectangle is A= xy . Thus,
2 . .
=2X +7 the area function for the rectangle is:

40 A(x) = x(10—x?)
= . 2 — = 2 -
b. AQ)=2-1"+ 1 2+40 =421t b. The maximum value occurs at the vertex:
TR0
2 40 2 Hmin=a
c. A)=2-2"+—=8+20=28ft Hmax=
2 wecl=l
Vm1nfa
Graphing: ynax=13 S
0 Hres=1 Wzl B2EPuLY V=i 474617 o

The maximum area is roughly:
A(1.83) = —(1.83)% +10(1.83)

~12.17 square units

o

0 5 Chapter 2 Test
1. a {(25).(46).(6.7).(88)}

\*/ This relation is a function because there are
no ordered pairs that have the same first

element and different second elements.

Domain: {2,4,6,8}

The area is smallest when x ~ 2.15 feet. Range: {5,6,7,8}

b. {(13),(4,-2).(-35),(17)]
This relation is not a function because there

are two ordered pairs that have the same
first element but different second elements.

Hiniraura
nEZAEYYEEY V=2l AYEEEE

c. This relation is not a function because the
graph fails the vertical line test.

142
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2.

d. Thisrelation 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.
4-5x>0

4-5x—4>0-4

—-5x>-4

-5x

x4
55

4 4
< - —o0 —
X_5} or( 00, 5j|

f(-1)=/4-5(-1) =V4+5=9=3

X<

gl s

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}

o (Y2 1
P
x—4

h(X)zx2+5x—36

The function tells us to divide x—4 by

x2 +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)=0
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)

(-1)-4 5 1

h(-1)= 1

(-1 +5(-1)-36 40 8

Chapter 2 Test

. a. Tofind 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. f(1) isthe 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,wewantto 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)(2,5].

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 Flotz Flokz THOOL
SMAR R 2R3N | Bmin= 5
-2 AMax=a
W= mecl=1
M= Wmin=-1@
“My= “Wrmax=20
o= Yo l=2
M E= Aares=1

AL N

uximum-‘l)h Il EL",:E""""" y=-z I|I

H
W=-.BC07EZ? Y= -.Befzted

A

W=z 2CO0rPEZE IY=15.C477CS
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Chapter 2: Functions and Their Graphs

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
f (2.35) ~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 Xx<-1
7. a f(x):{x_4 > 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.

3 o y=x—4x=-—1

[IIII_III/-T

s 5

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).

c. Tofind 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. Tofind g(2) we first note that x =2 so we

must use the second “piece” because 2> -1.
9(2)=2-4=-2

8. The average rate of change from 3 to 4 is given by
ay_f(4)-1(3)

AX 4-3
i (3(4)2 —2(4)+4)-(3(3)2 —2(3)+4)
B 4-3
.,

9. a. (f—g)(x):(2x2+1)—(3x—2)
= 2x* +1-3x+2=2x" -3x+3
b. (f~g)(x)=(2x2+1)(3x—2)
=6x° —4x* +3x-2
c. f(x+h)-f(x)
=(2(x+h)2+1)—(2x2+1)
=(2(x2+2xh+h2)+1)—(2x2+1)
=2x? +4xh+2h? +1-2x* -1
= 4xh + 2h?

10. a. The basic function is 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.
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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
factor of 2 to obtain the graph of

y :—2(x+1)3.

y:—2(x+1f
The last step is to shift this graph up 3 units
to obtain the graph of y = —2(x+1)3 +3.

y=—-2(x+1y +3

The basic function is y =|x| so we start
with the graph of this function.

11.

Chapter 2 Test

Next we shift this graph 4 units to the left to
obtain the graph of y =|x+4|.
y y=[x+4

Next we shift this graph up 2 units to obtain
the graph of y = |x+4|+2.

r(x)=-0.115x* +1.183x +5.623

For the years 1992 to 2004, we have values
of x between 0 and 12. Therefore, we can let
Xmin =0 and Xmax = 12. Since r is the
interest rate as a percent, we can try letting
Ymin =0 and Ymax = 10.

[ A Fletz Flots THOOL]
SMiE-L115KE+]L 18] Amin=A
BrR+0. 623 Anax=12
M= nscl=]
wNa= Ymin=H
“hy= Ymax=18
wHe= Yacl=]
~NE= Ares=1

.

Egéiﬂuﬁ?ﬂ L''=B.BEEZE7Y o
The highest rate during this period appears
to be 8.67%, occurring in 1997 (x = 5).
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Chapter 2: Functions and Their Graphs

b. For 2010, we have x =2010-1992 =18.

r(18)=-0.115(18)° +1.183(18)+5.623

the surface and multiply by the thickness of
the ice. The two semicircles can be
combined to form a complete circle, so the

=-10.343
10187
-18. 343

The model predicts that the interest rate will
be —10.343% . This is not a reasonable
value since it implies that the bank would be
paying interest to the borrower.

12. a. Let x =width of the rink in feet. Then the
length of the rectangular portion is given by
2x—20. The radius of the semicircular

portions is half the width, or r = %

To find the volume, we first find the area of
the volume. That is,

2
V (x) =%[2x2 —20x+%)

x> 5Xx 7x°
V=TT e
b. If the rink is 90 feet wide, then we have
x=90.
2 5(90 90)?
v (90)= % _50) 70 150761

8 4 64
The volume of ice is roughly 1297.61 ft®.

Chapter 2 Cumulative Review

1. 3x-8=10
3x-8+8=10+8
3x=18
3x 18
3 3
X=6
The solution set is {6} .

area is given by
A=l-w+zr?

:(2x—20)(x)+7r(

2
= 2x% —20x+ X
2

We have expressed our measures in feet so
we need to convert the thickness to feet as

well.
1ft 0.75

075N 550 =12

Now we multiply this by the area to obtain

3x*—x=0

x(3x-1)=0
x=0 or 3x-1=0
3x=1

X =

1
3
The solution set is {0,

W

x> —8x-9=0
(x-9)(x+1)=0
Xx-9=0 or x+1=0

x=9 x=-1

The solution set is {-1,9} .

6x° —5x+1=0
(3x-1)(2x-1)=0
3x-1=0 or 2x-1=0

3x=1 2x=1
1 1
X== X==
3 2
The solution set is El .
32
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|2x+3[=4
2X+3=-4 or 2x+3=4
2X=—7 2x=1
7 _1
X=—= =
2

N2X+3=2

(J2x+3)2=22
2x+3=4
2x=1

1

X ==
2

Check:

2(1j+3;2
2
?
J1+3=2
?
Ja=2

2=2T
. (1
The solution set is {E} .

2-3x>6
-3Xx>4

4
X< ——
3
. 4
Solution set: {x | x < _5}

Interval notation: [—00,—%)

L -

-

X

|

|2x-5<3
-3<2x-5<3

2<2x<8

l<x<4
Solution set: {x|1<x <4}

10.

11.

Chapter 2 Cumulative Review

Interval notation: (1,4)

v

kA J

r

4 x
Mx+qz7
AX+1<-7 or 4x+1>7
4x < -8 4X>6
X<-2 XZE

Solution set: {x|xs-2 or xz%}

Interval notation: (—oo, —2] U Fooj
2

]
1

-2

b3l ek e
-

a. d=y(%-4) +(v,-w)
= (-2 +(5-(-3)
=J@+2f+p5+3f
= 52 +(-2)" =/25+4
B
M = [X1+X2 it+tYo
{ 2+3 -3+ 5)]
2
1
(3]
e m Yo— %1 _5_(_3) -2 _ 2
S X-% 3-(-2) 5 5
3x—-2y=12
X-intercept:
3x-2(0)=12
3x=12

X=4
The point (4,0) is on the graph.
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Chapter 2: Functions and Their Graphs

y-intercept: (-4,3),and (4,3), respectively.
3(0)-2y=12 YA
2y=12 (0, 7)
y=-6
The point (0,-6) is on the graph.
y (—4.3)

. 14. y=4x
/_(0. —6) x| y=vx [(xy)
0|y=+0=0/(0,0)
12. x=y? 1| y=+1=1] (1)
y | x=y> | (xy) 4|y=+4=2|(42)
V
2| x=(-2)"=4|(4-2) 1
1| x=(-1)" =1 (1-1) _ 42
(1, 1)
0| x=0*=0 | (0,0 L
() |||{|“'|U}|||||,:Y
1| x=r=1 | (11) -5 -
2 | x=2*=4 | (42 B
YA (11) —sk
5
-/ 42 15. 3x2 -4y =12
B x-intercepts:
L1111 i1 3x2—4(0):12
-5 A 5 ,
L = 3xc =12
00 LN
) | \ {4~ 4‘} X2 — 4
= (l.—-1) X =12
y-intercept:
2
13. x*+(y-3) =16 3(0)2_4y=12
This is the equation of a circle with radius 4y =12
r=+16 =4 and center at (0,3). Starting at the y=-3
center we can obtain some points on the graph by The intercepts are (_2 0) (2 O) and (O _3)

moving 4 units up, down, left, and right. The

corresponding points are (0,7), (0,-1), Check x-axis symmetry:
3x?—4(-y)=12

3x% +4y =12 different

148
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Chapter 2 Cumulative Review

Check y-axis symmetry: The graph of the equation has y-axis symmetry.
3(—x)2 —4y =12
3x* -4y =12 same
Check origin symmetry:
3(-x)* —4(-y)=12
3x% +4y =12 different

18. f(x)=l
16. First we find the slope: X
84 41 x| y=2 | (xy)
6-(-2) 8 2 X
1
Next we use the slope and the given point (6,8) -1|y= =i -1 (-1-1)
in the point-slope form of the equation of a line:
- p_ _p d 1 y=1=1 (11)
y yl_m(x Xl) 1
1 1 1
_8=-"(x— 2 == 2,=
y-8 2(x 6) y=3 [ 2)
y—8=%x—3 };
2, 1)
y:1x+5 2 2)
2 (1. 1)
) I Y X
17. f(x)=(x+2) -3 >
Starting with the graph of y = x?, shift the graph
2 units to the left [y=(x+2)z} and down 3
units [y:(x+2)2—3] 19, 1(x)- 2—-x if x<2
v ' B |x| if x>2
YA
- Graph the line y =2—-x for x < 2. Two points
B on the graph are (0,2) and (2,0).
Graph the line y =x for x> 2. There is a hole
(-4, 1) [0, 1 P / g
| L] L1 X inthe graphat x=2.
—5 \/_ 3
(—2.-3)[

149
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Chapter 2: Functions and Their Graphs

Chapter 2 Projects

Project I — Internet Based Project — Answers will
vary

Project 11

1. Silver: C(x)=20+0.16(x—200)=0.16x—12
20 0<x<200
C(x) =
0.16x-12 x> 200

Gold: C(x)=50+0.08(x—1000) = 0.08x—30
5000  0<x<1000
C(x)=
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
ol
S 200
? T Platinum
& 100
O
-—I/ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 " " '10000 = 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 <187.5

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.

150

Project 111
1.
Driveway Possible route 1
2 miles
Cable box
< 5 miles >
- Possible route 2
Highway
H
2. otfe
. $140/mile
o [L=AaGx)?
2 miles a

~,
.
h
R

., Cable box

[

5 miles $100/mile

C(x) =100x +140L

C(x) =100x +140y/4 + (5 x)?
C(x)

100(0)+140v/4+25 ~ $753.92
100(1)+140:/4+16 ~ $726.10
100(2)+140:/4+9 ~ $704.78
100(3)+140/4 + 4 ~ $695.98
100(4)+140v/4+1 ~ $713.05
5 100(5)+140v/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.

AlwiNv| P |lO]|Xx

. 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
Hinirau

800
Il
4=zBEEPEEE WzEOS.HE018
0 5 xmiles

600

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.

. 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

10.

11.

A=rr?

r=22t

r= 2.2(2) =441t
r= 2.2(2.5) =55 ft

A= 7(4.4)* =60.82 ft?
A= 7(5.5)% =95.03 ft

A=7(2.2t)° = 4.84xt?

A=4.84r(2)° =60.82 ft*

A=4.84r(2.5) =95.03 ft?

A(2.5)-A(2) 95.03-60.82
25-2 0.5

A(3.5)-A(3) 186.27-136.85
3.5-3 0.5

The average rate of change is increasing.

150 yds = 450 ft
r=22t

= 4—52 =204.5 hours

=68.42 ft/hr

=98.84 ft/hr

t

6 miles = 31680 ft
Therefore, we need a radius of 15,840 ft.

15,840

t =7200 hours

151
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Section 3.1

1.

Chapter 3
Linear and Quadratic Functions

From the equation y =2x—-3, we see that the y-

intercept is —3. Thus, the point (0,-3) is on the

graph. We can obtain a second point by choosing
a value for x and finding the corresponding value

fory. Let x=1,then y=2(1)-3=-1. Thus,
the point (1,—1) is also on the graph. Plotting
the two points and connecting with a line yields

the graph below.
.\I
5

I T I 14 O
-5 5

0,-3)
s

Yo=%_3-5 _-=2
X, =% -1-2 -3

m=

f(2)=3(2)2-2=10
f(4)=3(4)*-2=46
Ay _f(4)-f(2) _46-10 36 _
AX  4-2  4-2 2

18

60x —900 = —15x + 2850
75x —900 = 2850
75x = 3750
x =50
The solution set is {50}.

f(-2)=(-2)"-4=4-4=0
True
slope; y-intercept

positive

. True

152

10. False. The y-intercept is 8. The average rate of
change is 2 (the slope).

11. a

12. d

13. f(x)=2x+3

a.

d.

Slope = 2; y-intercept = 3

Plot the point (0, 3). Use the slope to find
an additional point by moving 1 unit to the
right and 2 units up.

¥

average rate of change = 2
increasing

14. g(x)=5x-4

a.
b.

Slope = 5; y-intercept =—4
Plot the point (0,—4) . Use the slope to find

an additional point by moving 1 unit to the
right and 5 units up.

A}

average rate of change =5
increasing
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