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Chapter 1
Graphs

Section 1.1 () Quadrant IV
1. 0

2. |5—(-3)|=|¢|=8

3. N3 +42=\25=5

4. 11% +60? =121+3600 = 3721 = 61°
Since the sum of the squares of two of the sides
of the triangle equals the square of the third side,
the triangle is a right triangle.

5 ibh 16. (@) Quadrant |
"2 (b) Quadrant Il
(c) Quadrant Il
6. true (d) Quadrant I
7. x-coordinate or abscissa; y-coordinate or (e) y-axis
ordinate (f) x-axis
8. quadrants
9. midpoint
10. False; the distance between two points is never
negative.
11. False; points that lie in Quadrant IV will have a
positive x-coordinate and a negative y-coordinate.
The point (—1,4) lies in Quadrant I1.
X% Yty 17. The points will be on a vertical line that is two
12. True; M =(%1sz units to the right of the y-axis.
13. b
14. a

15. (a) Quadrant 1l
(b) x-axis
(c) Quadrant Il
(d) Quadrant|
(e) y-axis

1
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Chapter 1: Graphs

18. The points will be on a horizontal line that is

19.

20.

21.

22.

23.

24,

25.

26.

217.

three units above the x-axis.

d(R.P,) =4(2-0)" +(1-0)?
=N22 412 =4+1=15

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

=J(=2)?+12 =J4+1=+5

d(P, Py) = (=21 +(2-1)°

= J(3)?2+12 =9+1=410

d(PLPy) = (2- (-D) +(2-17
=32 +1%2 =9+1 :\/E

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

d(P,P,) :\/(2-(-1))2 +(4-0)
= J(38)° +4? =\/9+16 = /25 =5

d(PLPy) = (4— (7)) +(0-3)
= 112 + (-3)? =121+9 =130

d(R,Py) =(4-2) +(2-(-3))
=22 452 =4+ 25 =29

d(P,Py) =/ (6-5)° +(1-(-2))’
=12 +3? =J1+9 :\/E

28.

29.

30.

31.

32.

33.

d(RLPy) = (6-(-4) +(2-(-3))
=+/10% +5% =/100 + 25

=125 =55

d(R,Py) = (23-(-02))° +(11-(03)
—\2.5% 1082 =\/6.2510.64
- 689 ~ 262

d(R,Py) = (-0.3-12) +(11-23)°

=J(1.5)2 +(-1.2)> =~/2.25+1.44
=/3.69~1.92

d(R,P,) =(0-2)* +(0-b)*

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

d(R,P,) =4(0~2)’ +(0-a)*
=(-a)* +(-a)*
:m:@:kﬂﬁ

A=(-2,5), B=(L3), C=(-10)
d(A,B) = \/(1—(—2))2 +(3-5)2
d(B,C) =(-1-1)° + (0-3)°
d(AC) =(-1-(-2))? + (0-5)?

Copyright © 2025 Pearson Education, Inc.



Section 1.1: The Distance and Midpoint Formulas

Verifying that A ABC is a right triangle by the

2 2 2
Pythagorean Theorem: [d(AB)J" +[d(B,C)J" =[d(AC)]

2 2
[d(A B) +[d(B,C)] =[d(A,C) (10v2) +(10v2) =(20)’
(\/E)Z +(\/]§)2 _ (\/%)2 200+ 200 =400
400 =400
13+13=26 1
26 = 26 The area of a triangle is A:Ebh . In this
The area of a triangle is A= % bh. In this probllem,
problem, A:E-[d(A, B)]-[d(B,C)]
_1
A= [d(AB)][d(B.0)] :%.10\/5_10\/5
_1 _1
_5'\/E'\/E_§‘13 -1 .100-2=100 square units

2

13 :
= square units
2 35. A=(-5,3), B=(6,0), C=(5,5)

A=(-2,5), B=(12,3), C = (10,-11) d(A,B) = /(6 (-5))* +(0-3)?
d(A B) = /(12— (-2))* + (3-5)? = 17 +(-3)? =121+9
=196+ 4 =+/200 d(B,C) =4/(5-6) +(5-0)?
=10y2 N (N
d(B,C) =(10-12) + (-11-3)° _ /%
= \(-2) + (14 d(AC)=(5-(-5))* + (5-3)?
= J4+196 =~/200 ~\102+2? =100+ 4
=10y2 =104
d(AC) =\/(10—(—2))2 +(~11-5)? =226

= /122 4 (~16)?
=144 + 256 = /400

=20

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

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

3
Copyright © 2025 Pearson Education, Inc.



Chapter 1: Graphs

[d(A,C)]" +[d(B,C)] =[d(AB)[
(30 -+ (25 (5
104+ 26 =130
130 =130

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

problem,
=2[d(AC)][d(B.C)]

:1-\/104-@
— 12217
1
=5 2-26
= 26 square units
36. A=(-6,3), B=(3,-5), C=(-15)

d(A,B) = /(3 (-6))* +(-5-3)°
= \Jo? +(-8)? = BL+ 64
_ J145

d(B,C) =(-1-3)* + (- (-5))°
= J(C4)? +10% = V16 +100
=116 = 24/29

d(A,C) = (-1- (~6))* + (5-3)°
— 5% 127 = 2514
%

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:

[d(A.C)]* +[d(B,C)] =[d(A B)T
(V3 + 25 = (e
29+4-29 =145

29+116=145
145 =145

The area of a triangle is Azébh . In this

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

=%-@-2\@

1
_5.2.29

= 29 square units

37. A=(4,-3), B=(0,-3), C=(4,2)
d(AB) =/(0-4)* +(-3—(-3))’
=16

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

ET

Il
<__

d(AC)=4(4-4)" +(2- (3))

2452 =0+25

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:
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[d(AB)] +[d(AC)] =[d(B,C)
42452 = (\/4_1)2
16+25=41

41=41
The area of a triangle is A= %bh . In this
problem,

A== [d(AB)] [d(AC)]

1
==.4.
> 5

=10 square units
38. A=(4,-3), B=(4,1), C=(2,1)
d(A B) =/(4-4) +(1- (-3))?
=0+16
=16

=4
d(B,C) =y/(2-4)" +(1-1)°

-2+ 07 = Va0
~Ja

_2

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

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

Section 1.1: The Distance and Midpoint Formulas

[d(AB)]* +[d(B,C)] =[d(AC)[
42 422 =(2\@)2
16+4 =20
20 =20

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

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

1
—=.4.2
2

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

[ XtX YitY,
(le)_( 2 ’ 2 )

_(3+5 —-4+4
L2 2

9

= (41 0)

40. The coordinates of the midpoint are:

[ KEX ity
(x,y)—(—2 T j

_(—2+2 0+4
L2 2

_(0 4
272
=(0,2)
41. The coordinates of the midpoint are:
(x y):(xﬂLXz y1+y2J

2 2
-1+8 4+0)

2 2
4
2
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Chapter 1: Graphs

42. The coordinates of the midpoint are:

(X y):(X1+X2 y1+y2)

2 2
(2+4 -3+2
L2 2

53
4

43. The coordinates of the midpoint are:

[ KEX itV
(x,y)—[—2 e )

_(7+9 -5+1
L2 2

23

=8,-2)

44, The coordinates of the midpoint are:

2 2

(—4+2 -3+2
L2 2

(x y):(X1+X2 Y1+YZJ

45, The coordinates of the midpoint are:

Bt BtY,
o= Bgte By

46. The coordinates of the midpoint are:

(x y)z(xﬁrxz Y1+Y2j

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

47,

48.

49.

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

point would be (5,3).

The new x coordinate would be —1-2 =-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) thatare a
distance of 13 units from the point (-2,-1).

d =\/(x2 _Xl)z +(¥2 - y1)2
B2 +(-1-y)
= (5 +(-1-yy

Jy? +2y+26

13=4/y? +2y+26

132 — (\/y2 +2y+26)2
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).
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50. a. Ifwe use aright triangle to solve the
problem, we know the hypotenuse is 17 units in
length. One of the legs of the triangle will be
2+6=8. Thus the other leg will be:

82 +b% =172

64+b? =289
b? =225
b=15

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

(~14,-6) and (16,-6).

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

d= \/(x2 —xl)2 +(y, - yl)2
= J(-x° +(2-(-8))
X —2x+1+64

=\Xx% —2Xx+65
17 =/x? —2x+65

2
172 = (\/x2 —2x+65)

289 = x> —2x+65
0=x%-2x-224
0=(x+14)(x-16)
X+14=0 or x-16=0
x=-14 Xx=16
Thus, the points (~14,-6) and (16,-6) are a
distance of 13 units from the point (1,2).

51. Points on the x-axis have a y-coordinate of 0. Thus,
we consider points of the form (x,0) that are a

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

Section 1.1: The Distance and Midpoint Formulas

d :\/(x2 —xl)2 +(Ys —yl)2
= \(4-x" +(-3-0)
— 16 -8x+ % +(-3)°
—16-8x+x? +9
=X —8x+25
6=/x*—8x+25
% :(mf

36 = x> —8x+25
0=x?-8x-11
o (8 (-8) ~4@)(-11)
- 2(1)
_8+64+44 844108
2 2
_ 84643 44383

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

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

52. Points on the y-axis have an x-coordinate of 0.
Thus, we consider points of the form (0, y) that

are a distance of 6 units from the point (4,-3).
d :\/(Xz ‘X1)2 +(¥2 - yl)z

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

=16-9+6y+y’
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Chapter 1: Graphs

6=1/y2+6y+25 w=2at% g y:y1+Yz

2 2
2
62:( ly2+6y+25) _1:—3-|-x2 4:6+y2
2 2
2
36=y"+6y+25 —2=-3+X, 8=6+Y,
0=y’ +6y-11 1=x, 2=y,
_ (-6) £4/(6)° - 4(1)(-11) Thus, P, =(1,2).
" 20)
_ —6++/36+44  —6++/80 56. M:(x,y)z(xl;zleyl-;ij_
- 2 2
<45 P, =(%,,Y,)=(7,-2) and (x,y) = (5,-4), s0
- 2 =32 w=2atX g _NtY,
) )
y=-3+2/5 or y=-3-2\5
_ X+ _N+(2)
Thus, the points (0,-3+2+/5) and (0,325 =—5— A==
are on the y-axis and a distance of 6 units from the 10=x+7 -8=y,+(-2)
point (4,-3). 3=x, 6=y,

Thus, P, =(3,-6).
53. a. To shift 3 units left and 4 units down, we
subtract 3 from the x-coordinate and subtract

4 from the y-coordinate. 57. The midpointof ABis: D = (OLZG %)
(2-35-4)=(-11)
=(3.0)
B e st mhemidpantaf AC s € <[ 214, 074)
the y-coordinate. _ (2’ 2)
(2-2,5+8)=(0,13) 614 0ed
The midpoint of BCis: F = (T T)
54. Let the coordinates of point B be (X, y). Using _(5.2)
the midpoint formula, we can write . ’
(2,3):(—12+x’8+7yj' d(C,D) =4/(0-4)" +(3-4)?
This leads to two equations we can solve. N 47+ (D" = Vi6+1=317
“ltx_, 8+y _, d(B,E)=(2-6)° +(2-0)*
X=5 y=-2 =20 =25

Point B has coordinates (5,-2) . d(A F)=4/(2-0)% +(5-0)2
=22 +52 =/4+25

X, + X +
55. M =(x, y):(%,%) =29

P =(x.¥)=(-36) and (x,y) =(-14),s0

8
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Section 1.1: The Distance and Midpoint Formulas

58. Let B =(0,0), P,=(0,4), P=(x Y) 50. d(Pl,PZ):\/(G_(_l))z+(2_4)2

_ N2 N2
d (P, Py)=+/(0-0)2+(4-0) 72y

=164 _#9+4
d(R, P)=(x~0)? +(y—0) _ 53

sz +y? =4 d(P,,R;) = \/(4 6)° +(-5-2)°
N X2+y2 =16 ( 2)2+(_7)2
d(Py, P) = (x=0)? +(y—4)

=4/x? +(y—4) =4

— X’ +(y-4)? =16
Therefore, d(R,R) = \/(4—(—1))

y? =(y-4)’ \/ +(-9)°

oo
&‘A
wl 4+
N
©

2 4 (-5-4)

y? =y*-8y+16 25+81
8y =16 =+/106
y=2 since [d(R,P,)* +[d (R, )] =[d(R. B[,
winchzglves the triangle is a right triangle.
x“+2" =16 Since d(P, P,)=d(P,, P;), the triangle is
x* =12 isosceles.
X =23 Therefore, the triangle is an isosceles right
Two triangles are possible. The third vertex is triangle.

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

61. d(P,P) :\/(0—(—2))2 +(7-(-D)

59. d(R,P,)=+/(-4-2)2 +(1-1) =22 +82 = /4 +64 = /68
= \(~6)? + 0 =217
-36 d(P,,Py) = (3-0)" +(2-7)°
:6 :m:m
d(P,,Py) = y(—4—(—4)) + (-3-1)? _Ja
0% + (—4)2 d(RPy) =(3-(-2))° +(2— (-1))’
_J16 =52 +32 =25+ 9
=4 _ /3
d(R.Py) =/(-4-2)" +(-3-D)? Since d(P,, P,) = d (P, P,) , the triangle is
= J(=6)% + (- 4)? isosceles.
_ %516 since [d (R, P)]° +[d(R,. P’ =[d(R,P)T",
=52 the triangle is also a right triangle.
_oJ13 Therefore, the triangle is an isosceles right
B triangle.

Since [d(P,,P,) ] +[d(P,, By) ] =[d(R,Py) ] ,
the triangle is a right triangle.

9
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Chapter 1: Graphs

62.

63.

64.

d(R.P,) =\/(—4—7)2 +(0-2)*
=V121+4 =125
=55

d(Py. P) = /(4-(=4)) +(6-0)
/82 +6? = /64136

=+/10
=10

d(R,R) = \/(4 7)* +(6-2)°

=(-3)* +4% =/9+16

o

I
mﬁ

N

(6]

Since [d(P,, P) ] +[d(R,, Py) ]
the triangle is a right triangle.

=[d(R.R)T,

Using the Pythagorean Theorem:
90 +90% = d?
8100+8100=d*
16200 = d?

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

9 90

90 90

Using the Pythagorean Theorem:
60? + 602 = d?
3600+3600=d? — 7200=d?

d =+/7200 = 60+/2 ~ 84.85 feet

6 60

10

65.

66.

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

Third: (0, 90)
Y
(0,90) (90,90)
X
(0,0) (90,0)

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

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

=5+2161 = 232.43 feet

Using the distance formula:
d =+/(300-0)? + (300 - 90)2

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

= 30+/149 =~ 366.20 feet

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

y

(0,60) (60,60)

X

(0,0) (60,0)
Using the distance formula:
d =/(180—60)” + (20— 60)°

= /1207 + (- 40)? =+/16000

= 40/10 ~ 126.49 feet

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

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

=20+/185 ~ 272.03 feet
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Section 1.1: The Distance and Midpoint Formulas

67. The Focus heading east moves a distance 60t 70. Let P, =(2018, 232.89) and
after t hours. The Tesla heading south moves a P, = (2022, 513.98) . The midpoint is:
distance 40t after t hours. Their distance apart
after t hours is: (% y) :()(1;2)(2 %)
d =+/(60t)? + (45t)>
_(2018+2022 232.89+513.98
=+/3600t% + 2025t° - 2 ’ 2
= /5625t _ ( 4040 746.87)
=75t miles 2 2
60t = (2020, 373.44)
The estimate for 2020 is $373.44 billion. The
45t estimate net sales of Amazon.com in 2020 is
d $12.62 billion off from the reported value of
$386.44 billion.
o 15miles 52801t Lhr o 71. For 2014 we have the ordered pair (2014,5645)
" 1hr  1mile 3600sec and for 2022 we have the ordered pair

d = 1007 + (220 (221) (2022,7951) . The midpoint is

: 2014 +2022 5645+ 7951
= 10000 + 484t% feet (year, $) =

2 2
22t ~ [4036 13596}

2 ' 2
=(2018,6798)

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

100 d

o 72. Let P, =(0,0), B, =(a,0),and
69. a. The shortest side is between P, =(2.6,1.5)

and P, =(2.7,1.7) . The estimate for the P, = (E,EJ .Then
desired intersection point is: 2
[xlzxz , yl;yzjz(%;m | 1.5;1.7) d(p, P2)=\/(x2 P+ (Vo)
2 2
_(E 2) —J(a=0) +(0-0)* =\a? =|a|
=5
d(P,, P3):\/(X2 _X1)2 +(Yz _yl)z
=(2.65,1.6) . -
b. Using the distance formula: = \/[%— a] +(%—O]
d =+/(2.65-1.4)2 + (1.6-1.3)?
2 2 2
— J1.25)2 + (0.3 - %ﬁ% _ 4% —a? =a|
=+/1.5625+0.09
=+/1.6525
~1.285 units

11
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Chapter 1: Graphs

d(PLP) = (% —%)" +( — 1)

_/az 3% [4a® 7
= T-i-T— T—\/&T-M

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

O+a 0+0 a
Mgp, =| — —— |=|=.0
AR (2 2)(2j

a+? 0+\/_a 3a \3a
MPzF’s_ 2 2 |7 T’ 4
2 2
a . 3
M ~ O+E O+T - a \/§a
AR 2 2 4" 4
Then

2 2
_ (EJ [3a
4 4
a’? 3’ |[a
= —4 = =1
16 16 2
2 2
3a a \/§a x/§a
d(MP%'Maa):\/(T—zj +[T——4 J
a 2
=] = | +0°
(2) 75.
_ 2l
4 2

(5-2] o[ L2-o]
(2] (]

N
w
QD

N

12

J (ﬁ_oj 73,

74.

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

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

y

03 (59
(s0)

(0,0 X

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

0+s 0+s S S

M = —y— |=| —y—=
AR ( 2 "2 j (2 2J
0+s s+0 S S

Mpp =| — 2= |=| 2,2
PR [ 2 ' 2 ] [2 2]

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

Let P=(a,2a). Then

J(a+5) +(2a-1)° = /(a4
(a+5)° +(2a-1)* = (a-4)* +(2a+4)°
5a% +6a+26 =5a% +8a+32
6a+26=8a+32
-2a=6
a=-3
Then P =(-3,-6).

+(2a+4)2

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

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

d(P,By) = (a—0)? +(0-0)*

=\/a72=|a|

d(P,,P,) =[(a+b)-a +(c-0)’

b? +c?
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Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

d(Py, P) =y[b-@+b)] +(c—c)?
= =[d

and

d(R,P,) = /(b-0)> +(c—0)’
=+b® +¢?
P, and P, are the endpoints of one diagonal, and

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

d(R,By) = [(a+b)—OF +(c-0)°

— a2 +2ab+b? +c?

and

d(P,,P,) =y/(b-2)2 +(c—0) .

=+Ja2 —2ab+b? +c?
Sum of the squares of the sides:
a% + (Vb2 +c?)? +a? + (Vb? +c?)?
=2a? +2b? + 2¢?

Sum of the squares of the diagonals:

2 2
(\/a2+2ab+b2+c2) +(\/a2—2ab+b2+cz)

=2a% +2bh% +2¢?

76. Answers will vary.

Section 1.2

1. 2(x+3)-1=-7
2(x+3)=-6
X+3=-3

X=-6

The solution set is {-6} .

10.

11.

12.

14.

15.

The solution set is {-3,3} .
intercepts
y=0

y-axis

.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.

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

For example: x? +y? =1

d

c

y=x-x

0=0"-V0 1=1*-V1 4="'-V2
0=0 1#0 4£16-2
The point (0, 0) is on the graph of the equation.
y=x2—2Jx

0=0"-2J0 1=1-21 -1=0-2\1
0=0 1%-1 -1=-1

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

y2=x*+9
¥ =0%+9 0°=32+9 0*=(-3)%+9
9=9 018 018

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

16. y®=x+1
22=1+1 2*=0+1 O0°=-1+1
8+2 1=1 0=0
The points (0, 1) and (-1, 0) are on the graph of
the equation.
17. x*+y?=4
2 2
0°+22=4 (-2)%+22=4 (ﬁ) +(J§) =4
4=4 8=4 4=4
(0, 2) and (\/E \/5) are on the graph of the
equation.
18. x®+4y* =4
02+4-12=4 22+4.0°=4 22 44(1) =4
4=4 4=4 5#4
The points (0, 1) and (2, 0) are on the graph of
the equation.
19. 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).
20, 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).

21. y=2x+8
x-intercept: y-intercept:
0=2x+8 y=2(0)+8
2x =-8 y=8
X=-4

The intercepts are (—4,0) and (0,8).

22, y=3x-9
x-intercept: y-intercept:
0=3x-9 y=3(0)-9
3x=9 y=-9
Xx=3

The intercepts are (3,0) and (0,-9).
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Section 1.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

23. y=x>-1 The intercepts are (—2,0), (2,0), and (0,4).
x-intercepts: y-intercept:
0=x>-1 y=02-1
x> =1 y=-1
X==x1

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

26. y=—x*+1
x-intercepts: y-intercept:
0=-x2+1 y=—(0) +1
x? =1 y=1
Xx==1
24. y=x*-9 The intercepts are (-1,0), (1,0), and (0,1).
X-intercepts: y-intercept:
0=x*-9 y=0%-9
x*=9 y=-9
X =13
The intercepts are (-3,0), (3,0), and (0,-9).
27. 2x+3y=6
X-intercepts: y-intercept:
2x+3(0)=6 2(0)+3y =6
2x =16 3y=6
x=3 y=2
25 y=-x2+4 The intercepts are (3,0) and (0,2).
x-intercepts: y-intercepts:
0=-x2+4 y=—(0) +4
X’ =4 y=4
X==2

15
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Chapter 1: Graphs

28. 5x+2y=10
x-intercepts:
5x+2(0)=10

5x =10
X=2

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

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

29. 9x* +4y =36
X-intercepts:

9x* +4(0)=36
9x* =36

X2 =4

X=%2

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

30. 4x’+y=4
X-intercepts:
4x°>+0=4

4x* =4

X2

X

I
+ =
=

31.
y-intercept:
9(0)* +4y =36
4y =36 32.
y=9
33.

y-intercept:
4(0) +y=4
y=4

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

34. 39.
35. , 40.
57
© = (-5,2) L @=(52)
NI R B R
-5 | 5 X
0=(5-2 [ -2
5
36. 41. a. Intercepts: (-1,0) and (1,0)

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

42. a. Intercepts: (0,1)

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

the origin
37 43. a. Intercepts: (—%,O), (0,1), and (%0)
b. Symmetric with respect to the y-axis.
44. a. Intercepts: (-2,0), (0,-3), and (2,0)
b. Symmetric with respect to the y-axis.
45. a. Intercepts: (0,0)
b. Symmetric with respect to the x-axis.
38.

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)

Symmetric with respect to the origin.

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

Symmetric with respect to the origin.

o

17
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Chapter 1: Graphs

49.

50.

51

52.

53.

54.

55.

56.

x-intercepts: [-2,1], y-intercept0

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

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

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

Intercepts: none
Symmetric with respect to the origin.

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

57.

58.

59.

y? =x+16
x-intercepts: y-intercepts:
0% =x+16 y? =0+16
-16=x y2 =16
y =14

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

y? =x+16 same

Test y-axis symmetry: Let x = —x
y? =—x+16 different

Test origin symmetry: Let x=—x and y=-y.
(—y)2 =-X+16
y? =—x+16 different

Therefore, the graph will have x-axis symmetry.

y? =X+9

X-intercepts: y-intercepts:

(0)2 =-x+9 y?=0+9
0=-x+9 y> =9
x=9 y=+3

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

Therefore, the graph will have x-axis symmetry.

y=3x

x-intercepts: y-intercepts:
0="3x y=30=0
0=x

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

61.

62.

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

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

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

—y =¥—x ==
y=%/x same
Therefore, the graph will have origin symmetry.
y=Ux
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 =R~x=-x
y=%x same

Therefore, the is symmetric with respect to the
origin.

X2 +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)2 +y-9=0

X2 +y—-9=0 same
Test origin symmetry: Let x=—x and y=-y
(—x)2 -y-9=0

x?—y-9=0 different
Therefore, the graph has y-axis symmetry.

x2—y-4=0

X-intercepts: y-intercept:

63.

64.

x2-0-4=0 02-y-4=0
X2 =4 -y=4
X=142 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
()" ~(~y)~4=0

x?+y-4=0 different

Therefore, the graph has y-axis symmetry.

25x% +4y? =100
X-intercepts: y-intercepts:
25x2 +4(0)° =100  25(0)° +4y? =100

25x? =100 4y? =25
x> =4 y> =5
X =22 y=15

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

25x% +4y? =100 same
Test y-axis symmetry: Let x = —x
25(—x)2 +4y? =100

25x2 +4y? =100 same
Test origin symmetry: Let x=—x and y=-y
25(-x)* +4(-y)’ =100

25x% +4y? =100 same

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

4> +y? =4

X-intercepts: y-intercepts:
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65.

66.

4x2+02 =4 40Y +y2 =4

4x% =4 y2=4

x? =1 y =142
Xx==1

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

Test x-axis symmetry: Let y=-y

42 +(-y) =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

4(-x)" +(-y) =4
4x? +y? =4 same

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

y=x"-64

X-intercepts: y-intercepts:
0=x%-64 y=0°-64

x® =64 y=-64
Xx=4

The intercepts are (4,0) and (0,-64).
Test x-axis symmetry: Let y=-y
—y=x>—-64 different

Test y-axis symmetry: Let x =—x
y= (—x)3 - 64
y =—x3—64 different
Test origin symmetry: Let x=—x and y=-y
-y = (—x)3 - 64
y=x>+64 different

Therefore, the graph has no symmetry.

y=x*-1

X-intercepts: y-intercepts:

67.

68.

0=x*-1 y=0"-1
xt =1 y=-1
x=x1

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

Test x-axis symmetry: Let y =-y

—y =x*-1 different

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

y=x*-1 same

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

—y=(-x)" -1

—y =x* -1 different

Therefore, the graph has y-axis symmetry.

y=x*-2x-8

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

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

Test x-axis symmetry: Let y=-y
—y = x? — 2x—8 different

Test y-axis symmetry: Let x = —x
2

y=(-x)"-2(-x)-8

y =x%+2x—8 different

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

-y =(-x)"-2(-x)-8

—y =x? +2x—8 different

Therefore, the graph has no symmetry.

y=x*+4

x-intercepts: y-intercepts:
0=x*+4 y=0%+4

X2 =—4 y=4

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

Test x-axis symmetry: Let y = -y

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

Test y-axis symmetry: Let x =—x Test x-axis symmetry: Let y=-y
2
=(-x)"+4 2_
Y ( ) -y= X -4 different
y=x>+4 same X
Test origin symmetry: Let x=—-x and y =—y Test y-axizs symmetry: Let x = —x
2 -X)" -4
—y=(-x)"+4 y:—( )
2 ; 2(-x)
-y =x"+4 different )
X*-4 .
Therefore, the graph has y-axis symmetry. y=- different
o 4x Test origin symmetry: Let x=—x and y=-y
x* +16 (-x)*-4
X-intercepts: y-intercepts: —y= W
_ X _ 40 o _ ,
X2 +16 02+16 16 _y =X -4
4x =0 —2X
2 p—
x=0 y= X =4 came
2X

The only intercept is (0,0).

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

4x . 3
-y= different __—X
T & Y=g
Test y-axis symmetry: Let x =—x X-intercepts: y-intercepts:
4(=x -3 0 0
(-x)"+16 x* -9 0°-9 -9
3
4x . -x*=0
=— different
Y e X =0
Test origin symmetry: Let x=—x and y =—y The only intercept is (0,0).
4(-x) Test x-axis symmetry: Let y=-y
(—x)* +16 e X
4x X2 -9
—y = — 2 3
X" +16 y= 2X different
4x X -9
=— same ]
X +16 Test y-axis symmetry: Let X = —X
Therefore, the graph has origin symmetry. —(—x)3
y=—5
y X2 -4 (=x)" -9
= 3
oo ) y= 2X different
X-intercepts: y-intercepts: xX“ -9
X2 —4 0’-4 -4
0 = y =
2X 2(0) 0
x*-4=0 undefined
X2 =4
X =22

The intercepts are (—2,0) and (2,0).

21
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Chapter 1: Graphs

Test origin symmetry: Let x=—x and y=-y 73. y= X3
3

)
(-x)" -9

_y = X3
x? -9

y= . same

x? -9

Therefore, the graph has origin symmetry.

4

X' +1
72, y=
s 74, x=y?
X-intercepts: y-intercepts:
Aol 0'+1 1
+ = = —
— 5
0= 7 2(0) -0
o1 undefined

no real solution

There are no intercepts for the graph of this
equation.

Test x-axis symmetry: Let y=-y

-y= -;1 different
X

Test y-axis symmetry: Let x =—x
(—x)" +1
2y
x*+1
-2x°
Test origin symmetry: Let x=—x and y=-y
(—x)4 +1
2(—x)5
x*+1
T ¢
x*+1
2x°

Therefore, the graph has origin symmetry.

different

y:

76. y=l
X

y= same

22
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77.

78.

79.

80.

81.

82.

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

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

0=a’+3a-4

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

a+4=0 or a-1=0

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

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

0=a’+6a+5

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

a+5=0 or a+1=0

a=-5 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

23

(a,—b). Since 2 is a y-intercept in this case, the
point (0,2) is on the graph of the equation. Due
to the x-axis symmetry, the point (0,-2) must

also be on the graph. Therefore, —2 is another y-
intercept.

83. a. (x2+y2—x)2 =x%+y?

X-intercepts:
2
(¥ ()" = x) =x* +(0)’

(xz—x)2 =x
x—23+x2 =x2

x*-2x3=0

x*(x-2)=0

x*=0 or x-2=0

x=0 X=2

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

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

(x2 +(-y)’ - x)2 =x2+(-y)

2
(x2+y2—x) =x2+y? same

Test y-axis symmetry: Let x =—x
2
(X7 #y2 () =(2" ¥

2
(x2 +y2y x) =x2+y? different
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Chapter 1: Graphs

84.

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

(x2 +yi+ x)2 =x%+y? different

Thus, the graph will have x-axis symmetry.

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

16y% = —225
16

no real solution
X-intercepts:
16(0)* =120x—225

0=120x-225

-120x =-225
(o725 _15
-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 =—Xx
16y® =120(-x)-225
16y% = —120x—225 different
Test origin symmetry: Let x=—x and y=-y
16(~y)” =120(-x)—225
16y% =—120x—225 different

Thus, the graph has x-axis symmetry.

85. Lety=0.

(x2 +0%)? = a2 (x - 0?)
x* =a?(x%)
x*—a?x? =0

x*(x*-a%) =0

x>=0 or (x*-a®)=0

x=0 or x’=a’
X=-a,a

Letx =0.
(0% +y?)? =a* (0% - y?)
y*=a’(-y?%)
yt+a2y? =0
y2(y?+a%)=0
y=0
(Note that the solutions to y? +a® =0 are not
real)

So the intercepts are are (0,0), (a,0) and (-a,0).
Test x-axis symmetry: Replace y by -y

(¢ +(=y)%)? =a%(x* - (-y)?)
(x? +y?)? =a?(x? — y?) equivalent

Test y-axis symmetry: replace x by -x
(=x)% +y?)? =a%((-x)? - y?)
(x* +y?)? =a*(x* - y?) equivalent

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

-y

(%)% +(=9)")* =a*(-x)* - (-y)*)

(x2 +y?)? =a?(x? — y?) equivalent

The graph is symmetric by respect to the x-
axis, the y-axis, and the origin.

. Lety=0.

(x* +0% —ax)? =b?(x* +0?)
x* —2ax® +a®x* —b*x? =0
x*[(x-(a+b)][(x-(a-b)]=0
x=0 or x=a+b

or x=a-b
Letx=0.
(02 +y2 —a-0)* =b?(0% + y?)
y4—b2 2_p

y2(y+b)(y-b)=0
y:o,y:—b'yzb
So the intercepts are (0,0), (a-b,0), (a+b,0),
(0,-b), (0, b).
Test x-axis symmetry: replace y by -y
[xz +(~-y)? —ax]2 =h? [xz +(—y)2]

(x% +y? —ax)? =b?(x? + y?) Equivalent
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87.

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

Test y-axis symmetry: replace x by -x
(02 +y2 a0 =p2[(x? +y?]

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

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

2
[+ (9 a0 | =b*[ (%) + (-y)° |

(x? +y? +ax)? = b?(x? + y?) No equivalent 8s.

The graph is symmetric with respect to the
x-axis only.

a 89.

90.
91.
92.

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

2
c. Fory= (\/;) , the domain of the variable

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

25

variable x is all real numbers. Thus,

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

d. Fory= \/x_2 , the range of the variable y is
y>0; for y = x, the range of the variable

y is all real numbers. Also, \/X_Z: x only
if x>0. Otherwise, \/x72 =—X.

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

Answers will vary. One example:
y

Answers will vary
Answers will vary

Answers will vary.

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

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph — (—x,—y) on graph

(from y-axis symmetry )

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

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

(x,y) on graph — (x,—y) on graph

(from 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.
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93.

(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.

Section 1.3
1. undefined; 0
2. 3;2
x-intercept: 2x+3(0) =6
2Xx=06
x=3
y-intercept: 2(0)+3y =6
3y=6
y=2
3. True
4. False; the slope is %
2y =3x+5
y-3x.5
2 2

26

10.
11.

12.

13.

14.

15.

16.

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

?

2

2+2=4
4=14 True

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

i

Slope=£:l
2-0 2

If x increases by 2 units,
by 1 unit.
1-0 1

Slope = =—=
P -2-0 2

If x increases by 2 units,
by 1 unit.
1-2 1

1-(-2) 3

Slope =
If x increases by 3 units,
by 1 unit.

2-1
2-(-1)

Slope =

w|

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

y will decrease

y will decrease

y will increase



17. Slope:uzﬁz_g
Xo =% 4-2 2

yz_Y1:4_2 2

18. Slope = =Z-_2
X, =% 3-4 -1
19. Slope=22"% _ 18 _-2_ 1
X,—% 2-(-2) 4 2
20. Slope =2~ _ 3-1 _2

X,—% 2-(-1) 3

21. Slope =

22. Slope =

24. Slope =

Section 1.3: Lines

Yo=Y _—1-(-1) _0_

X,—% 2—-(-3) 5
Yo=Y _ 2-2 :izo
X, =% —5-4 -9

23. Slope=J2 %1 _ =222 _ =4 | ndefined.
X,—% -1-(-1) 0
Yo=% 220 _ 2 defined.
X,=% 2-2 0
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Chapter 1: Graphs

25. P=(12);m=3 29. P=(-13);m=0

26. P=(21);m=4 30. P=(2-4);m=0

31. P=(0,3); sl fi
27 p:(2’4);m:_% (0,3); slope undefined

(note: the line is the y-axis)

28, P—(L3):m= _é 32. P =(-2,0); slope undefined

33. P=(L2);m=3;y-2=3(x-1)

28
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34.

35.

36.

37.

38.

39.

40.

41,

P=(21);m=4;y-1=4(x-2)
3 3
P=(24)m=—;y-4=——(x-2
(24)im=-1y ;-2
2 2
P=(L3)m=-—=;y-3=—=(x-1
(L3)im=-Z1y c (<=1
P=(-13);m=0;y-3=0
P=(2,-4);m=0;y+4=0
4 .
Slope = 4=I ; point: (1,2)

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

Answers will vary. Three possible points are:
x=1+41=2 and y=2+4=6

(2.6)
x=2+1=3 and y=6+4=10
(3,10)
x=3+1=4 and y=10+4=14
(4,14)

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

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

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

(-15)

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

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

3 -3 .
Slope = -~ =—; t: (2,-4
ope 5= point: ( )

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

Section 1.3: Lines

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

(4-7)

X=4+2=6 and y=-7-3=-10
(6,-10)

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

42. 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)

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

43. 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=1and y=-7-2=-9
(L-9)

44. Slope = —1=_T1 ; point: (4,1)

If x increases by 1 unit, then y decreases by 1
,li\nr:;;/vers will vary. Three possible points are:
Xx=4+1=5and y=1-1=0

(5.0)
x=5+1=6 and y=0-1=-1

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

(7.-2)
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45. (0, 0) and (2, 1) are points on the line.
1-0 1
Slope=—-==
2-0 2
y-intercept is 0; using y = mx+b
1
=—x+0
y 2
2y =X
0=x-2y

x—2y=0 or yzéx

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

1-0 1 _ 1

20 2 2
y-intercept is 0; usingy =mx+b:

Slope =

1
=——X+0
y 2
2y =X
x+2y=0

X+2y=0 or y:—%x

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

1-3 2

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

X+y=20ry=—x+2

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

2-1 1
2-(-1) 3
Usingy —y; = m(x—x)
1
y—1=§(><—(—1))

Slope =

1
—1==—"(x+1
y 3(+)

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

y=2x-3
2x—y=3 or y=2x-3

50. y—-y,=m(X-%), m=-1

y-2=-1(x-1)
y—-2=-x+1
y=-X+3

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

51. y—-y, =m(x—x), mz—%
1

-2=—=(x-1
y 2( )
1 1
—2=—=X+=
y 2 2
o 1y, S
2 2
1 5
X+2y=50r y=——X+—
y y > 2

52. y-y,=m(x-x), m=1
y-1=1(x-(-1)
y-1=x+1

y=X+2
X—y=—2 0ry=x+2

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

54. Slope = 2; containing the point (4, -3)
Y=Yy, =m(x-x)
y—(=3)=2(x-4)
y+3=2x-8
y=2x-11
2x—y =11 or y=2x-11
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55. Slope :%; containing the point (3, 1)
Y=Y =m(X—X)
1
-1=—(x-3
y 2( )

1 3
—l="x——
y 2 2

yoLy L
2 2

1 1
X—-2y=1lory==x—=
y y 5X75

56. Slope =—§; containing (1, -1)
Y=Yy =m(X—%)
2
(<) =—=(x-1
y—-(-1) 3( )

y+1———2x+E
3 3
yo 2, 1
3 3
2 1
2Xx+3y=-1lor y=——xX——
y y 3573

57. Containing (1, 3) and (-1, 2)
2-3 -1 1
Mm=s———=—=—
-1-1 -2 2
Y=Y =m(X—X)

1
—3==(x-1
y 2(>< )

Section 1.3: Lines

58. Containing the points (-3, 4) and (2, 5)
5-4 1

m= =
2-(=3) 5
Y=y, =m(X—%)

1
—5==(x-2
y 5(X)

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

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

60. Slope =-2; y-intercept = -2
y=mx+b
y=-2Xx+(-2)

2X+y=—-2 or y=—-2x-2

61. x-intercept = —4; y-intercept =4
Points are (-4, 0) and (0, 4)
4-0 4

m=——= =

0-(-4) 4

y=mx-+b

y=1x+4

y=x+4

X—y=—-4 or y=x+4

62. x-intercept = 2; y-intercept = -1
Points are (2,0) and (0,-1)
-1-0 -1 1
Mm=s=——=—=—

0-2 -2 2
y=mx+b

1
=—x-1
y 2

X—2y=2 or yzéx—l

63. Slope undefined; containing the point (2, 4)

This is a vertical line.
X=2 No slope-intercept form.
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Chapter 1: Graphs

64.

65.

66.

67.

68.

69.

70.

71.

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

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

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

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

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

Parallel to y =2x; Slope =2
Containing (-1, 2)
y=Yi=m(x=x)
y—-2=2(x-(-1)
y—2=2X+2->y=2x+4
2X—y=—-4 or y=2x+4

Parallel to y =-3x; Slope =-3; Containing the

point (-1, 2)
Y=Y =m(x—x)
y-2=-3(x~(-D)

y—-2=-3x-3—>y=-3x-1
3x+y=-1or y=-3x-1

Parallel to x—2y=-5;

Slope = %; Containing the point (0, 0)

Y=Y, =m(X-X)
1 1
—-0==(x-0)> y==x
y J ) >y 5

Xx—2y=0 or yzéx

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

Y=Y =m(X=%)
y—-0=2(x-0)
y =2X

2x—y=0 or y=2x

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

72.

73.

74.

75.

76.

77.

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

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

Perpendicular to y = %x +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_yl = m(X—Xl)

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

+2——1x+1—> ——lx—E
y 2 2 y 2 2

1 3

X+2y=-3 Or y=——X——

y y 5X75
Perpendicular to x—2y =-5; Containing the

point (0, 4)
Slope of perpendicular = -2
y=mx+b

y=-2x+4
2X+y=4 or y=-2x+4

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

Slope of perpendicular :%
Y=Y =m(X—X)

1 1 3

—0==(X-(3) > y=—x+—

y 2( (=3) >y X+
1 3
X=2y=-3 0r y==X+—
y y 5 5

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

78. Perpendicularto y=8;

Containing the point (3, 4)
Slope of perpendicular is undefined (vertical 1
line). x=3 No slope-intercept form. Slope = 3 ; y-intercept = 2

1 1
82, —X+y=2;y=—-X+2
3 y y 3

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

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

1 84. y:2x+1;SIope=2; y-intercept=1
81. Ey:x—l; y=2x-2 2 2

Slope = 2; y-intercept = -2

33
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Chapter 1: Graphs

85. x+2y=4; 2y:—x+4—>y:—%x+2 88. 3x+2y=6; 2y=-3X+6—> y:—gx+3
1 . 3. .
Slope = - ; y-intercept = 2 Slope = - ; y-intercept =3
86. —x+3y=6; 3y:x+6—>y:1x+2 89. x+y=1, y:.—x+1
3 Slope = -1; y-intercept = 1

Slope =% ; y-intercept = 2

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

87. 2x-3y=6; -3y=-2x+6— yzéx—z

Slope = % ; y-intercept = -2

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

34
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92. y=-1; Slope = 0; y-intercept =-1 96. x+y=0; y=-x
Slope = -1; y-intercept =0

93. y=5; Slope =0; y-intercept =5
97. 2y-3x=0; 2y:3x—>y=gx

Slope = % ; y-intercept =0

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

98. 3x+2y=0; 2y:—3x—>y:—gx

Slope = —g ; y-intercept =0

95. y—x=0; y=x
Slope = 1; y-intercept =0

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

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

35
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y-intercept: 2(0)+3y =6
3y=6
y=2

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

100. a. x-intercept: 3x—2(0)=6
3Xx=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.

101. a. x-intercept: —4x+5(0) =40
—-4x =40
x=-10
The point (—10,0) is on the graph.
y-intercept: —4(0)+5y =40
5y =40
y=8
The point (0,8) is on the graph.

36

102. a.

103. 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.

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

y:?

The point (O%} is on the graph.
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104. a. x-intercept: 5x+3(0)=18 106. a. x-intercept: x—%(O):4

5x=18
18 x=4
X=7 The point (4,0) is on the graph.
. 18 . . 2
The point ?,0 is on the graph. y-intercept: (o)_§ y=4
o - - 2
y-intercept: 5(0)+3y =18 ~Zy=4
3y =18 3
-6 y=-6
) ) y The point (0,-6) is on the graph.
The point (0,6) is on the graph.
b.
b.
L1 107. a. x-intercept: 0.2x—0.5(0) =1
105. a. x-intercept: §X+§(O)=l 0.2x=1
1 X=5
5%= 1 The point (5,0) is on the graph.
X=2 y-intercept: 0.2(0)-0.5y =1
The point (2,0) is on the graph. 05y=1
y-intercept: 1(0) 2 y=1 y=-2
2 3 The point (0,-2) is on the graph.
1
Zy=1
3 y
y=3

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

37
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108.

1009.

110.

111.

112.

113.

114.

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

The point (—4,0) is on the graph.

y-intercept: —0.3(0)+0.4y =1.2
0.4y=1.2

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

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

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

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

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

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

The slopes are different and their product does

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

115.

116.

117.

118.

119.

120.

121.

38

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=-Xx+1lor x+y=1

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

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

slope = 1
5

y:—%x—l or X+2y=-2

5-3 2 2
P =(-25), P,=(13):m=—2-°__%
1=(-29), R=(3)m =" =22

3-0 3
P,=(13), P, =(-1,0): m, = =2
2()3()m21_(_1)2

Since m; -m, = -1, the line segments R P, and

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

1-(-1) 2 4-1

=—=—, :—:3’
Me=—71 "3 M5,

4-2 2 2-(-1)
My, = — 1 My = =3
¥T5_2 3" BT o q

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

P =(-10), B, =(23), B, =(L-2), P, =(4,)
3-0 3 1-3
= :—:l; = :_l,
ULP) 2-(-1) 3 Moy, -
1-(-2) _3 —2-0
- :__1, :—:_1
My 11 3 Mys e

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

124.

125.

126.

2710 7 B 41 3
m34:ﬁ:3; m14:ﬂ:—1
3-4 3-0 3

dyy = (4-1)° +(2-3)* =+9+1 =410
dgy =(3-4)2 +(~1-2)? =+1+9 =10
Ay =(3-0)% +(-1-0) =8+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 =0.60x+39

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

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

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

C =20x+1200

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

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

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

C =0.28x+6578

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

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

S =0.05x+525

39

127. a.
b.

128.

Section 1.3: Lines

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

For 50 miles,

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

C =0.13(120) +17 = $32.60

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

C =60+0.25x

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

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

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

129. (°C,°F)=(0, 32);

(°C, °F) = (100, 212)
., _212-32 180 9
100-0 100 5

°F —32 :§(°C—O)

9

°F-32=2(°C
5( )

5
°C =2 (°F -32
9( )

If °F =70, then

°C

5 5
=5 (70-32) = (39)

°C=21.1°

130. a.

b.

131. a.

K =°C+273

5
°C=2(F-32
9( )

K :S(OF ~32)+273

160

K=—0F -—=1273
9

op , 2297

5
9
5
9 9

K =

The y-intercept is (0, 30), so b = 30. Since

the ramp drops 2 inches for every 25 inches
2

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

L. 2
the equation is y =——x+30.
q y 5

Lety =0.

0= -2 %130
25

ix:30
25

§(£ x) - §(30)
2125 2

X =375
The x-intercept is (375, 0). This means that
the ramp meets the floor 375 inches (or
31.25 feet) from the base of the platform.

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

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

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

132. a.

133. a.

Second, the run is restricted to be no more
than 30 feet = 360 inches. For a rise of 30
inches, this means the minimum slope is

ﬂ=l. That is, |m|2i. Thus, the
360 12 12

only possible slope is |m| = % . The

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

requirements is m = —% . In words, for

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

Let x represent the percent of internet ad

spending. Lety represent the percent of

print ad spending. Then the points

(0.19, 0.26) and (0.35, 0.16) are on the line.

Thus, m= 16-26 = _1o0 =-0.625. Using
35-19 16

the point-slope formula we have

y —26 =-0.625(x—19)

y—26 =-0.625x+11.875

y =-0.625x +37.875

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

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

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

Let x = 39.2.
y = —0.625(39.2) + 37.875 =13.4%

Let x = number of boxes to be sold, and

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

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

135.

(X,, A,) = (200,000, 60,000)

_ 60,000 40,000
~ 200,000 —100,000
20,000 1
100,000 5

slope

A—40,000 = %(x ~100,000)

A—-40,000 :%X—Z0,000

A:éx+20,000

b. Ifx=2300,000, then
A= é(SOO, 000) + 20,000 = $80,000

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

2x-y=C

Graph the lines:

2x-y=-4

2x—-y=0

2X—y=2

All the lines have the same slope, 2. The lines
are parallel.

Put each linear equation in slope/intercept form.

X+2y=5 2x-3y+4=0 ax+y=0
2y =—x+5 -3y=-2x-4 y=-ax
SO SO B |

2 2 3 3

If the slope of y =—ax equals the slope of either

of the other two lines, then no triangle is formed.
1 1 2 2
So, -a=-—=a=-and -a=—=a=——.
2 2 3 3

Also if all three lines intersect at a single point,

41

Section 1.3: Lines

then no triangle is formed. So, we find where

1 5 2 4.
y=——=X+— andy=—X+— intersect.
2 3 3

1, 5
) +2=2
203

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

The three numbers are %—% and -2.

136. The slope of the line containing (a,b) and
(b,a) is
a-b
o
The slope of the line y=x is 1.

-1

The two lines are perpendicular.
The midpoint of (a,b) and (b, a) is

M :(a+b’b+ajl
2 2

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

137. The three midpoints are

(O+a 0+0j_[3 O) (a+b 0+cj_(a+b c
2 2 2" )L 2 " 2 2

0+b O+c [b cj
and | ——,— |=| =,=|.
[ 2 2 J 2’2
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Line 1 from (0,0) to (a_+b’£j
2 2
c
2 ¢
a+b_0 a+b
2
y-0=——(x-0)
a+b
y=—S x
a+b !

Line 2 from (a, 0) to (EEJ
22

c_ c
2 2
c
y—0=b_2a(x—a)
c
y:b—Za(X_a)

Line 3 from (%,Oj to (b,c)

c-0 2c
p_2 2b-a
2

2c ( aj
y-0= X——
2b-a 2

)
2b-a 2

Find where line 1 and line 2 intersect:

C c

—X= (x—a)
a+b b-2a
b-2a
X=X-a
a+b
b-2a-a-b
- X=-a
a+b
-3a
——Xx=-a
a+b
a+b
X=—"]
3
Substitute into line 1:
. c .a+b_£
a+b 3 3

138.

139.

140.

141.

So, line 1 and line 2 intersect at [aTer%j

Show that line 3 contains the point (angj :

3 2

y 2c (a+b E] 2c 2b-a ¢

=— = == So
2b—a 2b-a 6 3

the three lines intersect at (aTer%j

Refer to Figure 47. Assume mym, =-1. Then

[d(AB)] = (-1 +(m, —m,)?
= (ml—mz)z
= m12 —2mym, + m22
=m’ —2(-1)+m,’
=m?+m,?+2
Now,
[d(0,B)]" = 1-0)2 +(m; —0) =1+m?
[d(0, A =@-0)?+(m, —0)° =1+m,?

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

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

(b), (c), (e) and (9)
The line has positive slope and positive
y-intercept.

(@), (c), and (9)
The line has negative slope and positive

y-intercept.

(c)
The equation x—y =-2 has slope 1 and y-

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

are parallel with positive slopes. One line has a
positive y-intercept and the other with a negative
y-intercept.
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142. (d)
The equation y—2x =2 has slope 2 and y-

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

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

are perpendicular since 2(—%} =-1. One line

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

143 — 145. Answers will vary.

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

147. No, a line does not need to have both an x-
intercept and a y-intercept. Vertical and
horizontal lines have only one intercept (unless
they are a coordinate axis). Every line must have

at least one intercept.

148. Two lines with equal slopes and equal

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

149. Two lines that have the same x-intercept and y-
intercept (assuming the x-intercept is not 0) are
the same line since a line is uniquely defined by

two distinct points.

150.
intercepts are distinct parallel lines and have no
points in common.

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

2 has equation y =mx+Db,,

by

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

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

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

h__b

b _ b
=b,=>=="=-
b =P m m m m

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

Section 1.3: Lines

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

same x-intercept, which contradicts the original
assumption that the lines have unequal x-intercepts.
Therefore, Line 1 and Line 2 cannot have the same
y-intercept.

151. 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 .
my

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

b b
mm,
b b
mm,
-m,b =-mb
-m,b+mb=0
But —m,b+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.

152. Answers will vary.

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

slope by switching the direction of one of the
subtractions.

153. m=

43
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Chapter 1: Graphs

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

1. add; (1-10)" =25 =J(2-1+(3-2?2 =2

Equation: (x—1)° +(y-2)*=2

2. (x-2)° =9
x—2=+9 13, (x=h)*+(y-k)* =r?
X—2=43 (x=0)% +(y-0)? = 2
X=2+3 X2 ty? =4

x=5 or x=-1

Ly2 2 _
The solution set is {~1, 5}. General form: x*+y®-4=0

3. False. Forexample, x* +y? +2x+2y+8=0
is not a circle. It has no real solutions.

4, radius
5. True; r2=9—>r=3

6. False; the center of the circle
(x+3)° +(y-2)" =13 is (-3,2).
14. (x—h)? +(y—-k)?> =r?

7. d
8 a (x=0)*+(y-0)* =3
2, .2
9. Center=(2,1) xry _92 ,
Radius = distance from (0,1) to (2,1) General form: x“+y“-9=0

=yJ(2-0° +(1-1)? =4 =2

Equation: (x—2)>+(y-1)° =4

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

=J1-1%+(2-0)2 =4 =2

Equation: (x-1)*+(y-2)* =4

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

_ (L4 &)_(5 2) (x=0)*+(y-2)* =2
- 2 2 —\2 X2+(y—2)2=4
Radius = distance from (%,2) to (4,2) General form: X2 + y2 _4y+4:4
2 2
2 X +y —4y=0
= (4_§j +(2-2)? :\/§:§
2 4 2

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

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

Jrome

44
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Section 1.4: Circles

16. (x—h)?+(y—k)? =r? 19. (x—=h)?+(y—k)?>=r?
(x=1)% +(y-0)? =32 (x=(=2)° +(y-1)*> =4
(x-1)2+y* =9 (x+2)? +(y-1)? =16
General form: x* —2x+1+y* =9 General form: x? +4x+4+y? -2y +1=16
X2 +y?-2x-8=0 x2+y2 +4x-2y-11=0

17. (x=h)*+(y—-k)? =r?

(x—4)% +(y—(-3))* =5° 20. (x—h)*+(y-k)*=r?
(x—4)? +(y+3)? =25 (x=(-5)*+(y-(-2))* =7
General form: (X+5)2 +(y+2) = 49

2 2 _
X°—8x+16+y" +6y+9=25 General form: x® +10x+25+ y? + 4y +4 =49

2,2 _
X +y"-8x+6y=0 X2 +y? +10x+4y—-20=0

18. (x—h)*+(y—-k)? =r?
(x=2)*+(y—(-3))° =4

(x=2)7 +(y+3)° =16 21 (x—h)? +(y—k)? =12
-2)"+(y+3)° =

2 2
1 1
General form: x* —4x+4+y* +6y+9=16 (X—Ej +(y=0)? :(Ej
2 2
X —4x+6y-3=0
+y + y (X_1J2+y2_1
4
General form: X2 — X+ =+ y? _1
4 4
X2 +y>-x=0

45
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Chapter 1: Graphs

23. (x=h)*+(y-k)*=r?
(x=5)% +(y - (-)° =(V33)
(x=5)? +(y+1)? =13

General form:
X2 —10x+ 25+ y? +2y+1=13

X2 +y% —10x+2y+13=0

22. (x=h)?+(y-k)?=r?

General form: x* +y? + y+l _1
4 4 24. (x—h)?+(y—k)? =r?
0

(x-(-3) +(y-2)? =(245)

(x+3)? +(y-2)>=20
General form: x* +6x+9+y® —4y+4 =20
X2 +y? +6x-4y-7=0

X+yity=

25. X>+y’ =4
x> +y?=2
a. Center: (0,0); Radius=2

2

46
Copyright © 2025 Pearson Education, Inc.



Section 1.4: Circles

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

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

(x—3)2 +y?=4
a. Center: (3,0); Radius =2
b.
c. x-intercepts: x? +(0)° = 4
X2 =4
X =14 =+2
y-intercepts: (0)° +y? = 4
y' =4
y =14 =42
The intercepts are (-2, 0),(2,0), (0,-2), c. xintercepts: (x-3)° +(0)° =4
and (0,2). (x-3)" =4
26. X2+(y-1)%=1 x=3=V4
X2+ (y-1)?2 =1 X-3=22
x=3+£2
a. Center:(0,1); Radius =1 x=5 or x=1
b. y-intercepts: (0—3)2 +y?=4
(-3)*+y* =4
9+y>=4
y?=-5
No real solution.
The intercepts are (1,0) and (5, 0).
28. 3(x+1)*+3(y-1)° =6
c. x-intercepts: x* +(0-1)% =1 (x+1)° +(y-1)° =2
x*+1=1 a. Center: (-1,1); Radius = v/2
x2=0
x=+J0=0
y-intercepts: (0)° +(y-1?2 =1
(y-1°=1
y-1= J_rx/i
y-1=+41
y=1+1

47
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Chapter 1: Graphs

c. x-intercepts: (x+1)° +(0-1)" =2 y-intercepts: (0—1)* +(y-2)* =3
(x+1) 4 (-1) =2 (-)*+(y-2)* =3
2
(x+1)2+1:2 1+(y-2)" =9
2
(x+1)° =1 (y-2)" =8
x+1= £l y-2-+8
X+1=+1 y—2=422
x=-1+1 y=2¢2x/§

The intercepts are (1—\/5, 0), (l+ 5, O),

. ] 2
y-intercepts: (0+(32 :Ey_l)2 :2 (0, 2_2\/5), . (0, 2+2\/§)'
y-1) =2
1+(y—1)2=2 30. X2 +y? +4x+2y—-20=0
(y-1)* =1 X2 +4x+y% +2y =20
y-1=+1 (O +4x+4)+(y? +2y+1)=20+4+1
y-1=+1 (x+2)* +(y+1)? =5°
y=1+1 a. Center: (-2,-1); Radius=5
y=2 ory=0 b.
The intercepts are (-2, 0), (0, 0),and (0,2).
29. x>+y?—2x—4y—-4=0
X2 —2x+y*-4y=4
(2 =2x+1)+(y? -4y +4)=4+1+4
(x-1)%+(y-2)* =3
a. Center: (1, 2); Radius=3
b. c. x-intercepts: (x+2)%+(0+1)? =5
(x+2)?+1=25
(x+2)? =24
X+2=+24
x+2 =426
x=-2+2/6
y-intercepts: (0+2)2 + (y +1)? =5
4+(y+1)?>=25
c. x-intercepts: (x—1)% +(0—2)% =32 (y+1)? =21
(x-1)% +(-2)? =32 y+1=+21
(x—1)2+4:9 y=-1+~/21
(x-1)° =5 The intercepts are (—2 —2./6, 0),
x—1=15 (-2+2v6,0), (0,-1-V21), and
x=1£5 (0, —l+\/ﬁ).
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Section 1.4: Circles

31. X2 +y?+4x—4y-1=0 c. x-intercepts: (x—3) +(0+1)2 =12
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 Xx—-3=0

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

b y y-intercepts: (0—3)2 +(y+1)% =12

- 9+(y+12=1

2
(-2,2) I (y+1)" =-8
. -

No real solution.

_|5\||\|) L The intercept only intercept is (3,0).

33. X2 +y?—x+2y+1=0

-5 X2 —x+y?+2y=-1

2 1 2 B 1
c. x-intercepts: (x+2)?+(0—2)*=3? [X _X+Zj+(y +2y+1)_—1+2+1

(x+2)2+4=9 1Y » (1Y
(x+2)% =5 (X_E)'“y+n ‘(Ej

X+2=%5 a. Center: (1,—1] - Radius = 1
x=-2++5 2 2
y-intercepts: (0+2)? +(y-2)* = 3
4+(y-2)2=9
(y-2)*=5
y-2=+5
y=2++5

The intercepts are (—2 —5, O),
(-2++5,0), (0,2-+5), and (0, 2++5)

b.

2

1Y’ 1
c. X-intercepts: (X—E] +(0+1)? :(Ej

32. X2 +y?—6x+2y+9=0

x2 —6x+y%+2y=-9 1)? 1

(X2 —6X+9)+(y2 +2y+1) =-9+9+1 (X__j +1:Z
(x=3)° +(y+1)* =1° (X 1)2 3

a. Center: (3,-1); Radius=1 2 4
No real solutions
s (03] 030175

y-intercepts: | 0—=| +(y+1)°=|=

2 2

1 2 1

Z+(y+1) =2

(y+1)2:0

y+1=0

y=-1

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

34. x2+y2+x+y—%=

1 2
y-intercepts: (0+§j

o
—4
4
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VR
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+

<
+
N, NP N
N

N N
ol N
Il I
~lw =

VR
<
+

&

<

+
|
[

I+

&

|
-
NN

y:

The intercepts are (_1_2\/5,0} (_“\/5,0],

2

[0, 1\/5} and [0, 1“/5}.
2 2

35.  2x*+2y?-12x+8y—-24=0
X2 +y? —6x+4y =12
X2 —6x+ Yy’ +4y =12

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

c. x-intercepts: (x—3)%+(0+2)? =57
(x—3)2 +4=25
(x-3)* =21
x—3=121
x=3++/21

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

(y+2)2 =16

y+2=+4

y=-2t4
y=2 or y=-6

The intercepts are (B—Jﬁ, O), (3+\/2_1, O),
(0,-6), and (0, 2).
36. a. 2x%+2y?+8x+7=0
2x2 +8x+2y% =—

X2 +4x+y% =—

(X +4x+4)+y? =—%+4

]

1
X+2) +y ==
(x+2)*+y? 5

N|<|

(x+2)2 +y? [

Center: (-2, 0); Radius =

V2
2
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37.

C.

x-intercepts: (x+2)% +(0)” =
(x+2)" =

x+2:i\/I
2

2

X+2=t—
2

NN

X=-2%
y-intercepts: (0+2)? +y? =

4+y%=

.
2—__
=3

No real solutions.

N|FRPN| -

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

2x2 +8x+2y2 =0
X2 +4x+y? =0

X2 +4x+4+Yy? =0+4

a.

(x+2)2 +y? =22
Center: (-2,0); Radius: r=2

b.

2
2

51

Section 1.4: Circles

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)° +y? =2
4+y*=4

38. 3x*+3y?-12y=0
x2+y?—4y=0
X2 +y?—4y+4=0+4
x2+(y-2)* =4
a. Center: (0,2); Radius: r=2
b.

c. x-intercepts: x> +(0-2)" =4
X2 +4=4
x2=0
x=0
y-intercepts: 02 +(y—2)° =4
(y-2)° =4
y—2=+/4
y—2=%2
y=2%2
y=4 or y=0
The intercepts are (0,0) and (0, 4).
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Chapter 1: Graphs

39.

40.

41.

42,

43.

44,

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

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

Equation: (x—0)? +(y—0)% = (\/E)Z
X +y? =13

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

r=y(-3-1)° +(2-0)* =16+4 =20 =25

Equation: (x—1)% +(y—0)? = («/ﬁ)z
(x=1)2+y* =20

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

Center: (M,i;j:(—lﬁ)

Radius: 1 =+/(1—(-D)? +(4—3)> =v/4+1=+5

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

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

4+0 3+1

Center: ( j:(z, 2)
2 2
Radius: r=+[(4-2)?+(3-2)? =4+1=15

Equation: (x—2)% + (y —2)? =(J§)z
(x=2)2+(y-2)*=5
C=2xr

167 = 2xr
r=8

(x-2)% +(y - (-4))* =(8)°
(x=2)2 +(y+4)* =64

A= rzr?
497 = 7r?
r=7

(x=(-5))% +(y-6)? =(7)°
(x+5)2 +(y—6)? =49

45,

46.

47.

48.

50.

(c); Center: 1; Radius =2

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

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

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

5= _ 7 _ T Usethe
-1-4 -5 5

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

Y= (-2) == (x4

The slope is m=

7
+2=—=X+—
Y 5

5y+10=-7x+28
7X+5y =18

Find the centers of the two circles:
X2 +y2—4x+6y+4=0
(X —4x+4)+(y* +6y+9)=—4+4+9
(x-2)>+(y+3)*=9
Center: (2,-3)

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

1
y+3=—g(x—2)
5y+15=-x+2
X+5y=-13
X+5y+13=0
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51.

52.

53.

54.

Consider the following diagram:
A

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

Vv

v

Consider the following diagram:

7,7)

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

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

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

the square. Therefore, we get

X_\E_sﬁ
27 2

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

, (. 32Y 2 .
A=s" = Z-T :(3x/§) =18 square units.

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

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

55.

56.

57.

Section 1.4: Circles

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

Therefore, we get
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

ar? = z(6)° =367 square units.

Therefore, the area of the shaded region is
A =367 —72 square units.

The diameter of the Ferris wheel was 250 feet, so
the radius was 125 feet. The maximum height
was 264 feet, so the center was at a height of

264 —125 =139 feet above the ground. Since the
center of the wheel is on the y-axis, it is the point
(0, 139). Thus, an equation for the wheel is:

(x—0)" +(y-139)° =125?
x2 +(y—-139)° =15,625

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

x? +(y —290) = 67,600

Refer to figure. Since the radius of the building
is 60.5 m and the height of the building is 110 m,
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58.

59.

60.

61.

62.

63.

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

X2 +(y —49.5)2 =60.5% = 3660.25

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

x? +y? —78y +1521=1843+1521 = 3364
x? +(y—39)® =58°

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

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

r=3

Equation: (x—2)% +(y—3)* =3
(x=2)* +(y-3)* =9

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

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

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

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

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)2 +(y +2)* = (3)?
(x=4)2+(y+2)2=9

a. Substitute y=mx+bintox®+y?=r?:

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

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

(2bm)? —4@1+m?)(b* -r?) =0

4b*m? —4b% + 4r? —4b’m? +4m?r? =0

—4b% +4r? +4m?r? =0

—b?+r?+m?r? =0

r2(l+m?) =b?
b. From part (a) we know

@A+m?)x? +2bmx+b?*—r? =0. Using the
guadratic formula, since the discriminant is

zero, we get:
(o —2m _ —bm _ —bmr? _ —mr?
21+m?)  (p? b? b
r2
—mr?
=m +b
y=n|
-m?r? -m?r? +b% r?
= +b: [ p—
b b b

2 2
The point of tangency is( rgr %J

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

2
LA,
b r2 b 1

—mr?2 b — 2
( mr _OJ mr m
b

The two lines are perpendicular.

64. Let (h, k) be the center of the circle.
X—2y+4=0
2y=x+4

1
=—X+2
Y 2

The slope of the tangent line is % The slope

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

The other tangent line is y =2x-7, and it has

slope 2.

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

-1-k 1
3-h 2
2+2k=3-h
2k =1-h
h=1-2k
Solve the two equations in h and k :
2-k=2(1-2k)
2-k=2-4k
3k=0
k=0
h=1-2(0)=1
The center of the circle is (1, 0).

The slope of the line containing the center (0,0)

and (1, 2\/5) is
242-0

o " 2+/2 .Then the slope of the tangent

-1 2

lineis ——=-

w2 4

55

66.

Section 1.4: Circles

So the equation of the tangent line is:

y—ZJ_:—%(x—l)

y—2x/_=—£x+%
4y—8«/§=—\/§x+\/§
\/§x+4y:9x/§

X2 +y?—4x+6y+4=0

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

Center: (2,-3)

The slope of the line containing the center and

- 222-3-(-3) 2V2
(3,2\/5—3) is 32 = =22

Then the slope of the tangent line is:

-1 2

22 4

So, the equation of the tangent line is

y-(2v2-3)= */E(x—s)

4
y—2\/§+3=—gx+¥

4y —8\2 +12 = —2x+32
2x+ 4y =1142 -12
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67.

68.

69.

70.

Xt Bntys

The center of the circle is ( j and the radius is %\/(xl - x2)2 +(y, - y2)2 . Then the equation of

2 2
the circle is (X—szzj +[y—%} :%[(xl—xz)zﬂyl—yz)z] Expanding, gives

(X1+X2)2 (y1+y2)2
4 4

Ax7 —AX X = AX, X+ X+ 2% Xy + X0 + Ay — Ay Y — Ay, Y+ Y, P2V Y, + Y, = X 2% X + X, YD =2y, Y, Y,

X2 = X(%, +X,) + Y =YY +Y) +

1
:Z[xlz 2% %, + X, + Y, P =2y, Y, + yzzJ

457 —Ax X —AX, X + A, X, + 4y? — 4y y—4y,y+4yy, =0
X = XX = XX+ XX + Y =YY = Y,y + Yy, =0

X(X=% ) =X (X+% )+ Y(Y = Y1) = Y2 (Y+¥1)=0
(x=%)(x=% )+ (Y= y2)(y-¥,) =0

2 2, .2
ej = u. The slope of the line between the center

2
Complete the square to get (x+%) Jr(erE

4
(—9 —Ej and the point of tangency ( y ) ism= Yo+3 So the slope of the tangent line is m,,, = — %o +%
2" 2 %o Yo X+ 4 VAN

d
2 (x—%o) which is equivalent to

07" 2

Xo +
Therefore, the equation of the tangent line is y -y, = - 0

(x=%) (X +4)+(Y=¥o) (Yo +£) =0

xox+ Tx=x? =L ypy+ Sy - g2 Ly, =0
2 2 2 2

XoX+ YOVJFQXJFE)/—[XOZ + Yo' ngXo +EYOJ=O
2" 2 27°72

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

2 , d e d
X+ Yo +_X0+Ey0:__

e o . .
Xs —— Y, — f Substituting this result gives
> 50 ZyO g g

d e d e
Xo? + Yo 5% t5 Yo _(_EXO Yo~ fj:O

x02+y02+9x0+3y0+9x0+%y0+ f=0

2 2 2
x02+y02+d(x+xoj+e(y+y°j+ f=0
2 2
(b), (c), (e) and (g) 71. Answers will vary.

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

(b), (¢) and (g) of the coordinates of the center are incorrect. The
' g student needs to write the equation in the
Weneed h<0, k=0,and |h|>r.

standard form (x—h)2 +(y—k)2 =r?,
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(x+3)° +(y-2)" =16

(x~(-3)) +(

y— 2)2 =42
Thus, (h,k)=(-3,2

)and r=4.

Chapter 1 Review Exercises

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

a. d(F’l,P2)=\/(4—0)2+(2‘0)2
=\16+4=20=25

b. The coordinates of the midpoint are:

+X Yit+Ys
Xl =l
(x,y) ( 5 5 j

c. slope=—=
P AX 4-

d. For each run of 2, there is a rise of 1.

2
Ay 2-0_2 1
0

2. B =(L-1) and P, =(-2,3)

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

b. The coordinates of the midpoint are:
(X,y):[xl“LXz ’ Y1+YZJ

2 2
_ (1+(2—2) | —12+3J
e
Ay 3-(-1) 4 4

X  —2-1 -3 3
d. For each run of 3, there is a rise of —4.
3. B =(4-4)andP, =(4,8)

a. d(Pl,Pz)=\/(4—4)2+(8—(_4))2
=J0+144 =144 =12

Chapter 1 Review Exercises

b. The coordinates of the midpoint are:
(X,y):(xl—i_XZ 1 y1+y2j

2 2
:(ﬂ,ﬂj:(ﬁﬁj:(m)
2 2 22
8— (-4
c. slope:ﬂ: ( )zg,undefined
AX 4-4 0

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

4. y=x*+4

y
9_

.88 [ f@8)

1L 5% FAa.s)

1(0,4)

| I I | | |

_ s 5 X

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

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

2x = 3y?

X-intercepts: y-intercepts:

2x = 3(0)? 2(0) = 3y?

2x=0 0=y’
x=0 y=0

The only intercept is (0, 0).
Test x-axis symmetry: Let y=-y
2x =3(—y)?
2x =3y? same
Test y-axis symmetry: Let x = —x
2(-x) =3y
—2x =3y? different
Test origin symmetry: Let x=—x and y=-y.
2(-x) =3(~y)’
—2x =3y? different
Therefore, the graph will have x-axis symmetry.

X2 +4y*=16
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Chapter 1: Graphs

X-intercepts: y-intercepts:
X2 +4(0)2 =16 (0)2 +4y2=16
x? =16 4y* =16
X==4 y2=4
y=+2
The intercepts are (—4,0), (4,0), (0,-2), and
(0,2).

Test x-axis symmetry: Let y=-y
X2 +4(-y)’ =16
x? +4y?=16 same

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

x? +4y?=16 same

Test origin symmetry: Let x=—x and y=-y.
(—x)* +4(-y)* =16
x2+4y?=16  same

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

8. y=x"+2x2+1

x-intercepts: y-intercepts:
0=x*+2x>+ y = (0)*+2(0)*+1
0=(x* +1)(x* +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)*+2(-x)* +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.
9. y=x3-x

58

10.

X-intercepts: y-intercepts:
0=x>-x y=(0)*-0
0= x(x2 —l) =0

0=x(x+1)(x-1)
x=0,x=-1x=1
The intercepts are (-1,0), (0, 0),and (1, 0).

Test x-axis symmetry: Let y=-y

—y=x>-x
y=—x2+x different
Test y-axis symmetry: Let X =—x
y=(x°-(-x)
y=—x+x different

Test origin symmetry: Let x=-x and y=-y .
-y =(=%)° = (-x)
—y=-x3+x

y=x3-x same

Therefore, the graph will have origin symmetry.

X2+ x+y2+2y=0
x-intercepts: x> +x+(0)2 +2(0) =0
X2 +x=0
x(x+1) =0
Xx=0,x=-1
y-intercepts: (0)>+0+y?+2y=0
y2+2y=0
y(y+2)=0
y=0y=-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+y?—2y=0 different
Test y-axis symmetry: Let x = —x
(—x)% +(-x)+y?+2y=0

X2 —x+y2+2y=0 different
Test origin symmetry: Let x=—x and y=-y.
(=3)% + (=) +(-y)* +2(-y) =0

X2 —x+y?-2y=0 different

The graph has none of the indicated symmetries.

Copyright © 2025 Pearson Education, Inc.



Chapter 1 Review Exercises

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

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

13. X2 +(y-1)" =4 (x-1)° +4=9
X2 +(y-1)* =22 (x-1)° =5
Center: (0,1); Radius =2 x—1=+5
x=1++/5
y-intercepts: (0-1)" +(y+2)* =32
1+(y+2)2 =9
(y+2)° =8
y+2=+8
y+2=422
x-intercepts: x2 +(0-1)° =4 y=-2+2/2
2l d The intercepts are (1—\/5, 0), (1+\/§, o),
X% =3 (0,-2-2v2), and (0,-2+2V2).
X =+/3
y-intercepts: 0% +(y-1)° =4 15. 3x? 233/22— 6x+12y =0
(y-1)%=4 X2+y —2;<+4y:0
y-1=42 X“=2x+y +4y=0
y=1+2 (x2—2x+1)+(y2+4y+4):1+4
y=3ory=-1 ) , 5
The intercepts are (—\/5, 0), (J§ o), (0,-1), (x-1) +(%’+2) _(\/E)
and (0, 3). Center: (1,-2) Radius= /5
14, X*+y?—2x+4y-4=0

X2 —2x+y*+4y=4
(x2 —2x+1)+(y2 +4y+4):4+1+4
(x-1) +(y+2)* =32
Center: (1,-2) Radius=3
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Chapter 1: Graphs

x-intercepts: (x—1)> +(0+2)" = (\/3)2
(x-1)*+4=5
(x-1)* =1
x-1=+41
x=1+1

16. Slope =-2; containing (3,—1)

Y=Y =m(x-x)
y—(-1)=-2(x-3)
y+1=-2x+6

y=-2Xx+5 or 2x+y=5

17. vertical; containing (-3,4)

Vertical lines have equations of the form x = a,
where a is the x-intercept. Now, a vertical line

containing the point (=3, 4) must have an

x-intercept of —3, so the equation of the line is
x =-3. The equation does not have a slope-

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

y:—%x—Z or x+5y=-10

19. Containing the points (3,-4) and (2, 1)
1-(-4) 5
m=———=—
2-3 -1
y=Yy1 =m(x—x)
y—(-4)=-5(x-3)
y+4=-5x+15
y=-5x+11 or 5x+y=11

20. Parallel to 2x -3y =—4

21.

22.

2x-3y=-4
-3y =-2x-4
-3y _—2x-4
-3 -3
-2t
3
2 .
Slope :5; containing (-5,3)
Y= Y1 =m(x—x)
2
y—3=§(x—(—5))
2
-3=—(x+5
y-3=2(x+5)
2 10
-3==X+—
y 3 3
2

y:—x+% or 2x-3y=-19

Perpendicularto x+y =2
X+y=2

y=—X+2
The slope of this line is —1, so the slope of a line
perpendicular to it is 1.
Slope = 1; containing (4,-3)

Y=Y =m(X—X%)
y-(-3)=1x~4)

y+3=x—-4

y=X-7 or x—-y=7

4x-5y=-20
-5y =-4x-20
4
=—X+4
y 5

slope = g; y-intercept = 4

x-intercept: Lety=0.

4x-5(0)=-20
4x =-20
Xx=-5
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Chapter 1 Review Exercises

The intercepts are (6,0) and (0,—4).

23. 1x—lyz—1
2 3 6
1 1 1 1 1
—— VY =——X—— — —V =
3)’ 7% 25. 2x+3y 2
y= 3 X+ 1 X-intercept: y-intercept:
2 2 1.1 1 1
=x+=(0)=2 =0)+zy=2
slope = 2+ vei _1 273 2 3
pe = —; y-intercept ==
2 2 lx—2 1y—2
x-intercept: Lety =0. 2 3
lx_l(o)__l X=4 y==6
2 3 6 The intercepts are (4,0) and (0, 6).
..t
2 6
1
X=-=
3
26. y=x°
24. 2x-3y=12
x-intercept: y-intercept:
2x—-3(0) =12 2(0)-3y =12
2x =12 -3y=12
X=6 y=-4
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Chapter 1: Graphs

27. y=+/x

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

29. Find the distance between each pair of points.

dag =(1-3)2+(1-4)? =/4+9 =113
dgc =\(-2-1)2+(3-1)? =/9+4 =13
dpc =(-2-3)2+(3-4)2 =/25+1 =426

Since AB = BC, triangle ABC is isosceles.

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

C=,5).
a. Find the distance between each pair of
points.
d(AB)=1(-4-(~2))? +(4-0)?
=+/20 =25
d(B,C) =B (-4) +(5-4)
=145
d(A.C)=1/(8-(-2))? +(5-0)
=125 =55

62

[d(AB)]"+[d(AC)] =[d(B.C)]
(V20) +(vi2s)" = (vaas )
20+125=145

145 =145

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

b. Find the slopes:

Mg A0 4
-4-(-2) -2

Mge = 2=
8-(-4) 12

M- 50 5.1
8-(-2) 10 2

Since Mg -Myc :—2-%:—1, the sides AB

and AC are perpendicular and the triangle is
aright triangle.

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

—3+5 2+(-6)

Center:[ 5 T]:(1,—2)

Radius: 1 =1/(1-(=3))° + (-2-2)°
=+/16+16
=V32=42

-
|
(2]

32. slope of AB==""="1

slope of AC-15_ 4
8-2

Therefore, the points lie on a line.
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Chapter 1 Test
L d(R.P) = (5~ (1) +(-1-3)
= /62 +(-4)°
=+/36+16
=62 =213

2. The coordinates of the midpoint are:
(X ) (X1+X2 yl—;yZJ

-145 3+( 1)}

2

2
1)

Il
N NI

%
(
(
Yo~V -1-3 -4 2

3. a m= —=—=—
Xy —xl 5-(-1) 6 3
b. If x increases by 3 units, y will decrease
by 2 units.

4. y=x*-9

- , 3)
:(I,I)Jfﬁ"—**yz X
P i

0, HK 10 X

E(I’7W

5k (99_3)

6. x>+y=9

X-intercepts: y-intercept:
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Chapter 1 Test

x2+0=9 (0% +y=9
x> =9 y=9
X =13

The intercepts are (-3,0), (3,0), and (0,9).
Test x-axis symmetry: Let y=-y
x*+(-y)=9
x? —y =9 different
Test y-axis symmetry: Let x = —x
2
(-x)"+y=9
x2+y=9 same
Test origin symmetry: Let x=—x and y=-y
2
(=x)" +(-y) =9
x? —y=9 different
Therefore, the graph will have y-axis symmetry.

. Slope = -2 ; containing (3,-4)

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

y=-2X+2

(x=h)?+(y-k)* =r?
(x—4)" +(y-(-3))* =5
(x—4)* +(y+3)° =25
General form: (x—4)2 +(y+3)2 =25
X2 —8x+16+y? +6y+9=25
X2 +y?—8x+6y=0

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

(X +4x+4)+(y* -2y+1) =4+4+1
(x+2)%+(y-1)7? =3

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

Perpendicular line

y Any line perpendicular to 2x+3y =6 has slope
5: m:; The line contains (0, 3) :
(-2, r Y-y =m(X—x)
[ T | B [ | 3
- 7 X y-3=2(x-0)
K 3
B -3=—X
5: ' 2
y:§x+3
10. 2x+3y=6
3y =-2x+6
2
=—=X+2
Y 3
Parallel line

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

m= 2 . The line contains (1,-1):

Y=Y =m(X=%)
2

-(-)=—>(x-1

y-(D=-3 (-1

2 2

+l=—-Xx+—

Y 3 3

o2y 1

3 3

Chapter 1 Project

Internet-based Project
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