Chapter F
Foundations: A Prelude to Functions

Section F.1 12. (a) QuadrantI
(b) Quadrant II1
1. 0 (¢) Quadrant I
(d) Quadrant I

2. |5—(—3)|=|8|=8 (e) Positive y-axis

(f) Negative x-axis

3. 32442 =25=5 A
C=E3.9 57 A=1,4
[ ] — @
4. 117 +60° =121+3600 =3721=61° - E=(,1)
Since the sum of the squares of two of the sides F=(=3,0) '__/ WLSGa)
of the triangle equals the square of the third side, L 1 g 11 Tt s
the triangle is a right triangle. -5 - 5
5. x-coordinate, or abscissa; y-coordinate, or B=(3,-4 -
ordinate. ¢ 5 B

6. quadrants
7. midpoint 13. The points will be on a vertical line that is two
- idpom units to the right of the y-axis.
8. False; the distance between two points is never Vi
negative. s

9. False; points that lie in Quadrant IV will have a
positive x-coordinate and a negative y-

coordinate. The point (—1,4) lies in Quadrant II.

10. True; M:(xl"r_x2 yl+)’2j -5 B

2 2

11. (a) Quadrant II -
(b) Positive x-axis 5k
(¢) Quadrant III
(d) Quadrant I
(e) Negative y-axis

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

() Quadrant IV three units above the x-axis.
¥
5
e & o
(0,3)|-
|||||_|||||.;x
5 B 5
-5+

1
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Chapter F: Foundations: A Prelude to Functions

15. d(B,P)=(2-0+(1-0) =v4+1=+5 28. d(B,P)=+(0-a) +(0-a)* =\a’ +d°
3 -
16. d(B.P)=+(-2-07 +(1-0)> =J4+1=45 ‘ 2]
29. A=(-2,5), B=(1,3), C=(-10)
_ [ 5 2 12 = _
17. d(B.P)=+(-2-17 +(2-1* =941 =410 d(A,B):\/(l—(—Z))2+(3—5)2
18. d(Pl,Pz):\/(Z—(—l))2+(2—1)2 =37 +(-2)° =/9+4
: : d(B,C)=(-1-1)* +(0-3)’
_ a2 (L _ |52
19 d(B.P) = (5-3) +(4—(~4))" =2 +(8) B el e
=4+ 64 =68 =217 J3
=13
20. d(Pl,Pz):\/(Z—(—l))z+(4—O)2 ) +4? d(4.C)=\(-1-(- D)) +(0-5)
=J9+16=25=5 = 1P +(=5)" =1+25
=26
21. d(R,P)= \/(6—(—3))2 +(0-2)
_ [o2 2 _ _ y
=97 +(=2)? =/81+4 =85 A=(2.5 e s
22. d(B,P)=\(4-2) +(2-(-3))} =22 45 B=(1.3)
=4+25 =429 CEOVEL s
5 5
23. d(P,P) :\/(6—4)2 +(4-(=3))" =N22+7?
=J4+49 =4/53
-5
24. d(Pl,Pz):\/(6—(—4))2+(2—(—3))2
=10 +5% =100+ 25 Verifying that A ABC is a right triangle by the
—J125 =55 Pythagorean Theorem:
[d(4,B)] +[d(B,O)] =[d(4,O)]
25. d(B.,P,)= \/(2.3—(—0.2)2 +(1.1-0.3) (JB)Z +(\/§)2 - (@)2
=(2.5)% +(0.8)> =/6.25+0.64 13+13=26
=/6.89 ~2.62 26=26
The area of a triangle is A:%-bh. In this
26. d(Pl,Pz):\/(—0.3—1.2)2+(l.1—2.3)2 problem,
_ 15 +(c12)? =225+ 144 A=%.[d<A,B>]~[d<B,C>]
=+/3.69 ~1.92 :%.JB-JT:%-13
27. d(B,P)=(0-a) +(0-b)’ =~a® +1 _13

2

=<5 square units
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30. A=(-2,5), B=(12,3), C=(10,-11)
d(A4,B) = \/(12 ~(-2))’ +(3-5)7
=196 +4 =200
=1042

d(B,C) = \/(10—12)2 +(=11-3)
= (=2)? +(~14)?
=J4+196 =~/200
=102

d(4,C) = \/(10—(—2))2 +(=11-5)2

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

=20
YA
A=(=2,5) Y6: B=(12,3)
=6 B 14
- C=(10,-11
af ( )

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

[d(4,B)] +[d(B,O)] =[d(4,C)]
(10\5)2 +(10J§)2 = (20’
200+ 200 = 400
400 = 400

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

A=5-[d(4,B)]-[d(B,0)]
~Liovz-10v2

=2.100-2

= N

=100 square units

3
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Section F.1: The Distance and Midpoint Formulas

31. A=(-53), B=(6,0), C=(5,5)
d(A4,B) = \/(6—(—5))2 +(0-3)>

=+/130

d(B,C)=+(5-6) +(5-0)
=26

d(4,C) = \/(5 —(=5) +(5-3)
—V10% +2% = J100+4

=+/104

=226

oF C=(5.5
A=(-5,3)

~

—6F

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

[d(4,0)T +[d(B,0)] =[d(4,B)]
(i (455 =
104 +26 = 130
130 =130

The area of a triangle is 4 = %bh . In this
problem,
1

=7 [d(4,0)]-[d(B,O)]

= %-\/104 26

= % 22626
1
=—-2-26
2
= 26 square units



Chapter F: Foundations: A Prelude to Functions

32. A=(-6,3), B=(3,-5), C=(-1,5) 33. A=(4,-3), B=(0,-3), C=(4,2)
d(4,B) = (3= (=6))" +(-5-3)’ d(4,8)=(0-4) +(-3-(-3))
=/9% +(-8)? =/81+64 = (=4 +0> =16+0
145 =416
d(B,C) =J(—1—3)2 +(5-(=5)) =4
2
—J-4)? +10% =J16+100 4(8.C)=[(4-0) +(2-(-3)’
116 = 24/29 =4 +5% =416+25
d(4,C) :\/(—1—(—6))2 +(5-3) =41
_ 2
P (R d(4,0) = J(4-4) + (2-(-3))"
~J29 =0? +5% =4/0+25
=25
-5
YA
S —
- c=@42)
L e [ /T | ¥
-5 | 5
Verifying that A ABC is a right triangle by the —
Pythagorean Theorem: B=(0,-3)
[d(4,0)T +[d(B,0)] =[d(4,B)] - A= 3)
5+
(@)2 +(\/116)2 - (\/145)2
Verifying that A ABC is a right triangle by the
29+116=145 Pythagorean Theorem:
145= 1451 [d(4,B)] +[d(4,0)] =[d(B,O)T
The area of a triangle is 4 = Ebh . In this s (\/ﬁ)z
problem,
1 16+25=41
A:E-[d(A,C)]-[d(B,C)] 41=41
1 . . _1 .
:E.\/E.Jlm The area of a triangle is 4 = 2bh . In this
roblem,
L 59029 e
f =5 la.B)][a4,0)
=—.2.29 1
2 ——.4.
7 4.5

= 29 square units

=10 square units

4
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34. A=(4,-3), B=(4,1), C=(2,1)
d(4,B) = \/(4—4)2 +(1-(-3))
o2 +4?
=Jo+16
=16

=4

d(B,C)=+(2-4) +(1-1)’

=J(=2?+0% =/4+0
Vi
—2

d(4,0) =2~ 4+ (1-(-3))’

=J(=2)?+4> =4+16

=20
=25
YA
S_
L c=(2, 1)
-\ B=@
I . VR
-5 L 5
L A-@ 3)
-5+

Verifying that A ABC is a right triangle by the

Pythagorean Theorem:
[d(4,B)] + [d(B Of =[d4,0)]
2427 =(245 )
1644 =20
20 =20

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

problem,

:%-[d(A,B)Hd(B’ 0]

1
——.4.2
2

= 4 square units

5

Section F.1: The Distance and Midpoint Formulas

35. The coordinates of the midpoint are:

(Xt
(an/)—( 2 B 2 j

(3+5 —4+4
L2 2

43

=(4,0)

36. The coordinates of the midpoint are:

(x y):(xl"’xz y1+J’2j

2 2
(242 O+4
=l
_[0 4

2°2
=(0,2)

37. The coordinates of the midpoint are:

(Xt
(an/)—( 2 B 2 j

_ -3+6 2+0
2 72

43

38. The coordinates of the midpoint are:

(Xt ntn
(xsy)_( 2 B 2 j

2+4 —3+2)

)
)

| o

>

\S)J

S
(
-

I\)I'—‘ l\3||
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Chapter F: Foundations: A Prelude to Functions

39. The coordinates of the midpoint are:

2 72
_[4+6 3+1
272

_(10 =2
272

=(5,-1)

(x y):(xﬁ'xz J’1+J’2j

40. The coordinates of the midpoint are:

[ ¥atX it
(x,») L—E—n—j;—)

(=442 342
L2 72
(=2 -1
l 272
(el

2

41. The coordinates of the midpoint are:

(x y):[xl“sz yﬂ”)’z)

2 2
(-02+2.3 03+1.1
- 2 )
(2114

272
=(1.05,0.7)

42. The coordinates of the midpoint are:

(x y):(x1+x2 J’1+)’2j

2 2
_(L2+(—0$ 23+1Jj
2 2
[(02.24)
272
=(0.45,1.7)

43. The coordinates of the midpoint are:

44. The coordinates of the midpoint are:

[\t nt»m
(X’J’)—( 2 > 2 j

:a+0 a+0
27 2

|4 @4
2°2

45. Consider points of the form (2, y) thatarea

distance of 5 units from the point (-2,—-1).
d :\/(xz - )2 +(3-n )2
= (22 +(-1-0)’
<
P e2p+17

5=yy*+2y+17

2
52=(Jy2+2y+17)

25=y2+2y+17
0=y>+2y-8

0=(y+4)(y-2)
y+4=0 or y-2=0

y=—4 y=2
Thus, the points (2,—4) and (2,2) are a
distance of 5 units from the point (-2,—-1).

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

d :\/(xz ‘xl)2 +(7 ‘yl)z
= (1= +(2-(3))
B Exrrrs
¥ —2x+1425
¥ —2x+26

6
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47.

13=~/x% —2x+26
2
132 :(\/x2—2x+26)

169 = x> —2x+26

48.

Section F.1: The Distance and Midpoint Formulas

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 5 units from the point (4,4).

d= \/xz xl J’1)

0=x>-2x-143 5
= J(4-0) +(4-

0=(x—13)(x+11) J(a-oy +( y)
x-13=0 or x+11=0 =4 +16-8y+)’
x=13 x=-11 =\16+16 -8y + y*

Thus, the points (13,-3) and (-11,-3) are a
distance of 13 units from the point (1,2).

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

=y? -8y +32
=y* -8y +32
5 =(«/ —8y+32)

are a distance of 5 units from the point (4,-3). 25=12—8y+32
d= \/xz—x1 yl) 0=y"—8y+7
0=(y-7)(y-1
- Ja—xy +(—3—0)2 (r=7)(r-1)
y=7=0 or y-1=0
— J16-8x+x2 +(-3)’ y=1 y=1

=\16—8x+x>+9
=vx*—8x+25

Thus, the points (0,7) and (0,1) are on the y-

axis and a distance of 5 units from the point

(4,4).
5=+/x* —8x+25
2 0+6 0+0
52 :( [ —8xt 25) 49. The midpoint of ABis: D = (T T)
25 = x” —8x+25 =(3,0)
0=x*~8x The midpoint of AC is: E = 0+4 , 0+4
202
0= x(x—S)
x=0 or x—8=0 =(2.2)
x=8 The midpoint of BC is: F = (L, M)
Thus, the points (0,0) and (8,0) are on the x- 2 2
axis and a distance of 5 units from the point =(5.2)
(4.-3). d(C.D)=/(0-4) +(3-4)?
=J=H + (1) =16+1=17
d(B,E)=+/(2-6) +(2-0)
=J(=4)?+22 =16 +4
V-2

d(4,F)=(2-0)> +(5-0)
=22 +5% =J4+25
T

7
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Chapter F: Foundations: A Prelude to Functions

50. Let B =(0,0), P,=(0,4), P=(x,) 52. Let B =(0,0), P, =(a,0),and
d (P, P)=+(0-0)* +(4—0)*
(RsB) = )"+ ( ) P = E,\/ga . To show that these vertices
:\%:4 22

\/ 3 2 form an equilateral triangle, we need to show
d (Pl P ) =V(x=0"+(y-0) that the distance between any pair of points is the

— 2+ V=4 same constant value.

S 21yt =16 d(Pl,Pz):\/(xz_xl)2+(y2_yl)2
d (B, P)=(x=0) +(y~4) ~ J(a=0) +(0-0)

=y’ +(y—4)* =4 e =|d
Therefore,_) O d(P,P)= (xz—x1)2+(y2—y1)2

J
i (3]
y2=y2—8y+16 2 2

8y=16 a’> 3a \/40t2 F
=, —F+—=,—— =Na =l|a
y=2 4 4 4 J
which gives 2
d(P,B)=+/(x,—x ) + -
2422 -16 (R.5) \/( »=0) (2 -n)
2 _ 2 2
=12 _ 3—0} {\Ba_oj
x=1243 2 2
Two triangles are possible. The third vertex is B 2 342 s ) ~ \/_2 ~
(—2\/3,2) or (2\6,2). g T T\ Ve =|a|
Since all three distances have the same constant
51. Let R =(0,0), P, =(0,s), B, =(s,0),and value, the triangle is an equilateral triangle.
P, =(s.5) Now find the midpoints:
I O+a 0+0) (a
Y Pt =552 5-0)
09 - a+? 0+ V3a 3a \a
E=Mpp = R — R
2 2
(s.0) X E 3617
- oy 0+2 0+ ) | g\/ga
The points A, and P, are endpoints of one Ak 27 2 4> 4

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

O+s O+s s S
M 4= T T 5
2 2 2°2

0+s s+0 s S
My;=|——|=| 732
2 2 2°2

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

8
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Section F.1: The Distance and Midpoint Formulas

2 2 2 2
54. d(P,B)=4/(6-(-1)) +(2—-4
d(D,E)=\/(3—a—£j +(\/§CI—OJ ( 1 2) \/( ( )) ( )
4 2 4 _ /72+(_2)2
B (aj2+ Ba) =/49+4
A\ 4 =53
2 2 _ 2 2
[ e Jal AP, R) = (4-6) +(-5-2)
1 16 2 —JE22 (=7
2 2
d(D,F)=\/(3—3j B ﬁ“—oj =v4+49
4 2 4 _J53
2
J(—J(ﬁJ d(R.R) = (4= (D) + (54
4 4 =57 +(-9)*
_ | 3¢ _|d =25+81
16 16 2 _ JToe
2 2 . 2 2 2
d(E,F)=J(3—‘*—ﬁj +[ﬁa_ﬁa] Since [d(R. )] +[d(P BT =[dR.PT
4 4 4 4 the triangle is a right triangle.
a¥ Since d (B, P,)=d (P, B,), the triangle is
2 +0 isosceles.
3 Therefore, the triangle is an isosceles right
= a_:M triangle.
4 2
Since 'the sides are the same length, the triangle 55. d(P.P)= \/(0_(_ 2))2 +(7 (- 1))2
is equilateral.
=22 +8% =4+ 64 =+f68
53. d(B.P)=(-4-2) +(1-1) o
2 2
=\(=6)" +0 d(P,,P)=(3-0) +(2-7)
=4/36
;/— =32 +(=5)% =/9+25
2 2 :\/374
d(Py,P) =(~4—(=4)) +(-3-1) . .
o d(R, ) =(3-(-2)) +(2-(-D)
= +(—
=57 +3% =/25+9
=16
-4 =34
Since d(P,,B)=d(R,PR,), the triangle is
o (—A—2)\ 1 (-3 _1)2 2>13 1-43
d(Pl’B’)_\/( 4-27+(3-D isosceles.
=J(=6) +(=4)* . 2 2 2
VO +4) Since [d(R, B)] +[d(P. P)J’ =[d(R, P)],
=+36+16 the triangle is also a right triangle.
=J52 Therefore, the triangle is an isosceles right
triangle.

=2413
Since [d(R,P)]" +[d(B.R)] =[d(B.R)] .
the triangle is a right triangle.

9
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Chapter F: Foundations: A Prelude to Functions

56. d(R,P)=(-4-7)}+(0-2)

=J(=11)? +(-2)
=\121+4 =125
=55

d(P,, ) =(4—(=4))* +(6-0)

=8 +6% =/64+36

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

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

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

90 90

58. Using the Pythagorean Theorem:
60% +60° =d*
3600+3600 =d* — 7200 = d*

d =~/7200 = 602 ~ 84.85 feet

60), 60

60 60

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

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

X

(0,0) (90,0)

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

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

=5v2161 = 232.43 feet

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

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

=30+149 = 366.20 feet

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

10,60 (60.60)

X

(0,0) (60,0)

b. Using the distance formula:
d= J(1 80—60)% + (20— 60)>

= /120% + (- 40)? = /16000

=404/10 ~126.49 feet

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

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

=20+185 = 272.03 feet

10
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Section F.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

61. The Neon heading east moves a distance 30¢ 4. zeros; roots
after ¢+ hours. The truck heading south moves a
distance 40¢ after ¢ hours. Their distance apart
after ¢ hours is: 6. 4

_ 2 2

d =+/(30¢)% + (40¢) 7. (-3.4)
=+/9007% +16007
=+/2500¢>

=50t miles
30t

5. y-axis

8. True

9. 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.

40t 10. False; a graph can be symmetric with respect to
d both coordinate axes (in such cases it will also be
symmetric with respect to the origin).

For example: x* + y* =1

. _ 4
ISmiles 5280 ft  Lhr _ o 1. y=x*-Jx

lhr  Imile 3600 sec 0=0"-J0 1=1"-v1 O0=(-D*-+-1

d =4/100% +(22¢)* 0=0 1%0 0=1-v-1

_ J10000 + 48472 feet (0, 0) is on the graph of the equation.

62.

_ 3
. 12. y=x"-2x

0=0°-20 1=P-21 -1=P-21
0=0 1%-1 ~1=-1
100 d (0, 0) and (1, —1) are on the graph of the
equation.
13. ' =x*+9
33=0"+9 0°=3"+9 0’ =(-3)"+9
9=9 0+#18 0+-18
Section F.2 (0, 3) is on the graph of the equation.
3
1. 2(x+3)-1=-7 4.y =x+1
3 _ 3 _ 3 _
2(x+3):—6 22=1+1 I’=0+1 0 =-1+1
(0, 1) and (-1, 0) are on the graph of the
x=-6 equation.
The solution set is {—6} .
15. x*+y* =4
2. ¥*-9=0
A 02+22=4 (-2 +22=4 3P4 y2 =4
x :9J_ 4=4 84 4=4
=+/9
* a (0, 2) and (/2,2 are on the graph of the
x=t
The solution set is {-3,3} . equation.

3. intercepts

11
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Chapter F: Foundations: A Prelude to Functions

16. x> +4y* =4 The intercepts are (—4,0) and (0,8).

02+4-P=4 2244.0°=4 22+4(1) =4 A
4=4 4=4 544 12
(0, 1) and (2, 0) are on the graph of the equation. L/
0,8
17. y=x+2 4:
; . : . (-4,0) -
x-intercept: y-intercept: B A
0=x+2 y=0+2 —j/ B 5
—2=x y=2 -
The intercepts are (—2,0) and (0,2). =
—10+
YA
5 —
L 20. y=3x-9
» x-intercept: y-intercept:
/ ©.2) 0=3x-9 y=3(0)-9
L1 1 | | I 3x=9 -
-5 5 X y 9
-2.00 - x=3
B The intercepts are (3,0) and (0,-9).
B ¥y
i A
15
18. y=x-6 L
x-intercept: y-intercept: i /
0=x-6 y=0-6 I S N VB
6=x y=—6 - 3/1@ >
The i -6). /
e intercepts are (6,0) and (0,—6) oo
y —15—
4
21. y=x*-1
x-intercepts: y-intercept:
0=x>-1 y=07"-1
X =1 y=-1
x=z1

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

Yi
19. y=2x+8
x-intercept: y-intercept: r
0=2x+8 y=2(0)+8 \ 1~ /
2x=-8 =8 | L 1 [ ,*
Y 3 (-1,0\ (1,0 3
x=-4
0.-1
3

12
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Section F.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

22. y=x>-9 The intercepts are (—1,0), (1,0), and (0,1).
x-intercepts: y-intercept: YA
0=x*-9 y=0"-9 nE
x* =9 y=-9 (0,1)
_ -1,0 1,0
x =33 |( J)/ a9 | o»

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

YA
il L
/
l | x
1 (3,0) 25. 2x+3y=6
x-intercepts: y-intercept:
2x+3(0):6 2(0)+3y:6
©-9 2x=6 3y=6
x=3 y=2
_ .2
23. y=-x"+4 The intercepts are (3,0) and (0,2).
x-intercepts: y-intercepts: y
s y _ _(0)2 + 4 A
0=—-x"+4 5
=4 L
¥t =4 Y \_
x=12 0,2) \
The intercepts are (-2,0), (2,0), and (0,4). I L L X
7 n (3'0)\\
YA -
©04) -
5_
26. 5x+2y=10
x-intercepts: y-intercept:
200 5x+2(0)=10 5(0)+2y =10
3 ‘[ 5x=10 2y =10
x=2 y=5
) The intercepts are (2,0) and (0,5).
24, y=—x"+1
x-intercepts: y-intercept: .
(2 A
0=-x>+1 Y= (0) *1
=1
X =1 Y
x==1

13

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright
laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission
in writing from the publisher.



Chapter F: Foundations: A Prelude to Functions

27. 9x* +4y =36 30. 4
x—irzltercepts: y-intf;rcept: )= (5. 3) 5 B 5%
9x> +4(0)=36  9(0) +4y=36 . - .
9x* =36 4y =36 IR N IO O R
X’ =4 y=9 - - 5
x=12 . - .
The intercepts are (-2,0), (2,0), and (0,9). ©=65, _3)_ B @ =(5-3)
yl\
(0.9) 31. YA
S -
o -
3r 2.1 : by=(2,1
ﬁ—Z,O) | | (2,0? x ( N ) B (.) ( )
1 1 > Lrr bt
3 -5 ° - @ 5
o (@)=(-2-1) - (©)=(2,-1)
28. 4x°+y=4 -5
x-intercepts: y-intercept:
2 2 32. YA
4x210=4 4(0Y +y=4 ol
2 _ _ n
axt =4 y=4 ©=42) - @=42)
2= . = .
=+ _|||||_||||gg
The intercepts are (—1,0), (1,0), and (0,4). . L .
by=4-2) @, -2)
)’A -
04 -
| ﬁ—l,O) (1,0)I L x |
-3 3 St
). -
(©)=(-5,2) - @=G6.2)
4 . - °
Ll
29. YA - - >
— 5_ ® — ®
by=( 3., 4 B (3,.4) (b) = (-5, -2) B 5,-2)
B st
R I AR
. B .
(©)=(3.-H 5 @=3,-4b

14
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Section F.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

S 5r
- @=30 [©=30
(a)=(-1, 1.) :(.C)=(1, 1) (3,0 |Lb)=@30)
T T T Y Y _'_'—*—'_'__5 B 5
-5 e o 5 B
-1 -1 b)y=(1,-1) L
L 5
5
3 39. a. Intercepts: (—1,0) and (1,0)
5. yﬂ
@=(3,49 5 (=G4 b. Symmetric with respect to the x-axis, y-axis,
¢ - ° and the origin.
i b s 40. a. Intercepts: (0,1)
-5 B 57
| b. Not symmetric to x-axis, y-axis, or origin
. ~ . 41. a. Intercepts: (—-%,0), (0,1),and (Z£,0
pts: (-Z,0), (0,1), and (%,0)

B4 5-0b)=6,-b

b. Symmetric with respect to the y-axis.

36. YA
5 42. a. Intercepts: (—2,0), (0,-3),and (2,0)
©@©=C40 |@=¢0 b. Symmetric with respect to the y-axis.
(by=(40 L 40
I
-5 N 5 43. a. Intercepts: (0,0)
B b. Symmetric with respect to the x-axis.
Sr 44. a. Intercepts: (-2,0), (0,2), (0,-2), and
37 (2,0)
b. Symmetric with respect to the x-axis, y-axis,
(@)= (0, 3) and the origin.
(©)=(0, 3)
45. a. Intercepts: (-2,0), (0,0),and (2,0)
©.-3) b. Symmetric with respect to the origin.
0, 3
®)=¢ ) 46. a. Intercepts: (—4,0), (0,0),and (4,0)

b. Symmetric with respect to the origin.
47. a. Intercepts: (~1,0), (0,-1), (1,0)

b. Symmetric with respect to the y-axis.

15
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Chapter F: Foundations: A Prelude to Functions

48. a. Intercepts: (0,0) 55. y’=x+4
x-intercepts: y-intercepts:
b. Symmetric with respect to the origin. 02 =x+4 Y2 =0+4
49. a. Intercepts: none —4=x y2 =4

y=12

b. Symmetric with respect to the origin.
The intercepts are (—4,0), (0,—2) and (0,2).

50. a. Intercepts: none
Test x-axis symmetry: Let y =—y
(— y)2 =x+4

y2 =x+4 same

b. Symmetric with respect to the x-axis.

51.

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

52. . .
Therefore, the graph will have x-axis symmetry.
56. y* =x+9
x-intercepts: y-intercepts:
0> =x+9 y2 =049
-O=x y2 =9

y=13

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

Test x-axis symmetry: Let y =—y

(—y)2 =x+9
y2 =x+9 same

Test y-axis symmetry: Let x =—x

y? =—x+9 different

54.
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.

16
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Section F.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

57. y=3x
x-intercepts: y-intercepts:
0=3/x y= Jo=0
0=x

58.

59.

The only intercept is (0,0).

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

y= J=x ==3/x different

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

—y=R~x=-Yx
y=3x same

Therefore, the graph will have origin symmetry.

=

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

The only intercept is (0,0).

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

y= 3/3 = —é/; different

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

—y=Rx==x
y=3x same

Therefore, the graph will have origin symmetry.

X+ y-9=0
x-intercepts: y-intercepts:
¥’ -9=0 0°+y-9=0
x*=9 y=9
x=%3

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

Test x-axis symmetry: Let y=—y

x> —y-9=0 different

17

60.

61.

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 will have y-axis symmetry.

X —y-4=0
x-intercepts: y-intercept:
x*-0-4=0 0°-y-4=0
x* =4 -y=4
x==22 y=-4

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

Test x-axis symmetry: Let y =—y
x* - (— y) -4=0
x*+y—4=0 different

Test y-axis symmetry: Let x =—x
(—x)2 -y-4=0

x° —y—4=0 same
Test origin symmetry: Let x=—x and y=—y
2
(x) ~(-2)=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

9x? =36 4y* =36
xr=4 y2=9
x=12 y=13

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

(0.3).

Test x-axis symmetry: Let y=—y
9x% +4(-y)* =36

9x* +4y2 =36 same
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Chapter F: Foundations: A Prelude to Functions

Test y-axis symmetry: Let x = —x Test y-axis symmetry: Let x =—x
9(~x)’ +4y* =36 y=(-x)’ =27
9x* +4y* =36 same y=-x-27 different

Test origin symmetry: Let x=—x and y=—y Test origin symmetry: Let x =—x and y=—y
9(-x)* +4(-y)* =36 —y=(-x)’ =27

9x* +4y* =36 same y=x+27 different
Therefore, the graph will have x-axis, y-axis, and Therefore, the graph has none of the indicated
origin symmetry. symmetries.

62. 4x*+y* =4 64. y=x"-1
x-intercepts: y-intercepts: x-intercepts: y-intercepts:
45> +0% =4 4(0Y +y* =4 0=x"-1 y=0"-1
4x* =4 V2 =4 xt=1 y=-1
x* =1 y==%2 x==I1
I The intercepts are (~1,0), (1,0), and (0,-1).

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

Test x-axis symmetry: Let y =—
(0,2). e

—y=x"—1 different

Test x-axis symmetry: Let y =—y Test y-axis symmetry: Let x = —x
4x* +(—y)2 =4 y=(—x)4 -1
4x* +y* =4 same y=x'-1 same
Test y-axis symmetry: Let x = —x Test origin symmetry: Let x=—x and y=-y
4(—x)2+y2 =4 _yz(_x)“_l
4x* +y* =4 same —y=x*-1 different
Test origin symmetry: Let x=—x and y=—y Therefore, the graph will have y-axis symmetry.
4(—x)2+(—y)2 =4 65. y=x"-3x-4
4x* +y* =4 same x-intercepts: y-intercepts:
Therefore, the graph will have x-axis, y-axis, and 0=x"-3x-4
origin symmetry. O:(x—4)(x+1) y:02—3(0)—4
63. y=x-27 x=4 or x=-1 y=—4
x-intercepts: y-intercepts: The intercepts are (4,0), (~1,0) , and (0,-4).
0=x"-27 y=0"-27 .
Y y==27 Test x—azlx1s symmetry: Let y =-y
=3 —y=x"-3x—4 different
The intercepts are (3,0) and (0,-27). Test y-axis symmetry: Let x = —x

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

Test x-axis symmetry: Let y =—y y= w2 43x—4 different

—y=x"-27 different

18
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66.

67.

Section F.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

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=x2+4 same

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

-y =(—x)2 +4

—y =x%+4 different
Therefore, the graph will have y-axis symmetry.

. 3x
X249
x-intercepts: y-intercepts:
0o 3% _3(0) _o_
x*+9 0’+9 9
3x=0
x=0

The only intercept is (0,0).

Test x-axis symmetry: Let y =—y
3x

—y=
249

different

Test y-axis symmetry: Let x = —x

3(=x)
(—x)’ +9
y=- 3% different

2 +9

y:

19

68.

69.

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

—y=

y= 3x same
2 +9

Therefore, the graph has origin symmetry.

x4
2x
x-intercepts: y-intercepts:
x* -4 0*—4 —4
0=——" y= =—
2x 2(0) o0

undefined

y:

x*—4=0
x’=4
x=x2
The intercepts are (—2,0) and (2,0).

Test x-axis symmetry: Let y =—y
x* -4

X

-y = different

Test y-axis symmetry: Let x = —x
_(=x)' -4
")
2

y=—X =% different
2x

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

= same
Y 2x

Therefore, the graph has origin symmetry.

3

y= -X
x* =9
x-intercepts: y-intercepts:
3 3
- -0 0
O = Zx y = 5 =—_—= O
x“ =9 0°-9 -9
—x’ =0
x=0

The only intercept is (0,0) .
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Chapter F: Foundations: A Prelude to Functions

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

Test x-axis symmetry: Let y =—
SRR e (—x) +1
X I
-y= 2(—x
= (%)
3 xt+1
__ X : -y =
y== different Y
x°=9
: xt+1
Test y-axis symmetry: Let x = —x y= — same
—(—x)3 2x
y= ()—29 Therefore, the graph has origin symmetry.
—x) —
3 ) 7. y=x
y= different
x° -9 ¥4
Test origin symmetry: Let x=—x and y=-y 10
)
() -9
_y = X3
x* =9
.3
y= = same _10k

Intercept: (0,0)

Therefore, the graph has origin symmetry.

_ x* 41 72. x=y*
- 2x°
x-intercepts: y-intercepts:
_0t+1 1 2
20y O
undefined (L1)

70.

x4l
0= 5
2x
xt=-1
no real solution

There are no intercepts for the graph of this (1,-1)
equation.

Test x-axis symmetry: Let y =—y

2+ difforent Intercept: (0,0)
25

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

2(~x)’

x*+1

y= different
-2x°

—y=

y:

20
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Section F.2: Graphs of Equations in Two Variables; Intercepts; Symmetry

73. y=+/x 77. 1f the point (a,4) is on the graph of
Yi y:x2+3x,thenwe have
5: 4=a*+3a
a1 1)(4, 2) 0=a’+3a—4
©, 0) ar i 0=(a+4)(a-1)
o R a+4=0 or a-1=0
: a=-4 a=1
B Thus, a=—4 or a=1.
-5 78. If the point (a,—5) is on the graph of
Intercept: (0,0) y = x* +6x, then we have
-5=4a’+6a
74. y:l 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.

79. 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.

no x or y intercepts 80. For a graph with y-axis symmetry, if the point
(a,b) is on the graph, then so is the point
75. 1f the point (3,b) is on the graph of y =4x+1,
then we have
b=4(3)+1=12+1=13
Thus, b=13. to the y-axis symmetry, the point (—6,0) must

(—a,b). Since 6 is an x-intercept in this case, the

point (6,0) is on the graph of the equation. Due

also be on the graph. Therefore, —6 is another x-
76. If the point (—2,b) is on the graph of intercept.

2x+3y =2, then we have 81. For a graph with origin symmetry, if the point

2(-2)+3(b)=2 (a,b) is on the graph, then so is the point
—4+3b=2 (—a,—b) . Since —4 is an x-intercept in this case,
3b=6 the point (—4, 0) is on the graph of the equation.
b=2 . :
Thus, b=2. Due to the origin symmetry, the point (4,0)

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

21
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Chapter F: Foundations: A Prelude to Functions

82. For a graph with x-axis symmetry, if the point d. For y= \/x72 , the range of the variable y is

(a,b) is on the graph, then so is the point 320 for y=x, the range of the variable

a,—b) . Since 2 is a y-intercept in this case, the
( ) 7 P y is all real numbers. Also, vx* = x only

point (0,2) is on the graph of the equation. Due
if x> 0. Otherwise, \/x_2 =-X.

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

also be on the graph. Therefore, —2 is another y- 84. Answers will vary. A complete graph presents
intercept. enough of the graph to the viewer so they can
“see” the rest of the graph as an obvious
83. a. continuation of what is shown.

YA

5+ 85. Answers will vary. One example:
- y
L y=vx?
B y=|x|

L1 INA 1L X
-5 L 5
— X
-5+

Y 86. Answers will vary

5 —
~ 87. Answers will vary
- y=x
L 88. Answers will vary.

L1171 11 '5 < Case 1: Graph has x-axis and y-axis symmetry,
B - show origin symmetry.
L (x,y) on graph — (x, —y) on graph
-5 B (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.

L] X (x,y) on graph — (x, —y) on graph
—2 ﬁ 8 (from X-axis symmetry)
-2
(x,—) on graph — (—x, y) on graph
b. Since \/x_2 = | x| for all x, the graphs of (from origin symmetry)

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

Y _
y=+x" andy= | by | are the same. graph has y-axis symmetry.

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

x is x> 0; for y = x, the domain of the
variable x is all real numbers. Thus,

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

22
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Section F.3: Lines

Case 3: Graph has y-axis and origin symmetry, 1-0 1
show x-axis symmetry. I1. a. Slope = 2.0 2
(x,y) on graph — (—x,y) on graph
(from y-axis symmetry) b. If x increases by 2 units, y will increase
(—x,y) on graph — (x,—y) on graph by 1 unit.
from origin symmet -
( gl sym ry) 12. a. Slope = =0 __1
Since the point (x,—y) is also on the graph, the -2-0 2

raph has x-axis symmetry.
srap Y v b. If x increases by 2 units, y will decrease

by 1 unit.
Section F.3 13. a. Slope=——2 -1
1-(-2) 3
1. undefined; 0
5 39 b. If x increases by 3 units, y will decrease
x-intercept: 2x+3(0)=6 by 1 unit.
2x=6 _
14. a. Slope = 2-1 = 1
x=3 2—-(-1) 3
y-intercept: 2(0)+3y =6
3y=6 b. If x increases by 3 units, y will increase
y=2 by 1 unit.

3. y=b; y-intercept

4. True
5. False; the slope is %
2y =3x+5
“3e42
7 2 2

?
6. True; 2(1)+(2)=4
9

2+2=4
4=4v

7. my =m,; y-intercepts; m, -m, =—1

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

23
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Chapter F: Foundations: A Prelude to Functions

17. Slope:yz_yl— 1-3 :_—2:

x-x 2-(=2) 4
YA
\\S_

YN en

[ I L

_5 B 4\
sk

18.

19. Slope:y2 n_—1=CD_0_
X-x 2-(3) 5
¥y

I I

(3.-1) @2 -1

-5+
20. Slope=22"0_272_0 _,
x-x -5-4 -9
Yi
5_
(=5,2) B “4,2)
IIIII_IIIIIg
-5+

21.

22,

23.

24.

Slope = Y2~ N

—2-2 -4

Xy =X

A
5

P

rT1r 117>

-1,2)¢
L1 11 |

= =— undefined.
0

1= (1)

T

-5
-1,-2)e

Slope = 22—

=
[\

|
=

o =
T 11T

=

()
|
(e}

=% undefined.

[\
|
\S)

2=

2,2

=

-5

2,005
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Section F.3: Lines

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

(note: the line is the y-axis)

2
26. P=(193);m=—§ 30. P=(-2,0); slope undefined
¥ A Yi
B 3
" P=(20] L[
B N Y e
B -3 B 5
5k
Y
27. P=(-1,3);m=0
YA 31. Slope=4:?;point: (1,2)
5 B If x increases by 1 unit, then y increases by 4
- . > units.
P=1L3)- Answers will vary. Three possible points are:
Ll 1] _| L L1 _;x x=1+1=2 andy:2+4:6
-5 - 5 (2,6)
- x=2+1=3 and y=6+4=10
sk (3,10)
x=3+1=4 and y=10+4=14
28. P=(2,-4):m=0 (4.14)
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Chapter F: Foundations: A Prelude to Functions

32. Slope=2 :% ; point: (2,3)

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

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

(1.5

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

x=0+1=1and y=7+2=9
(19)

33. Slope= —% = _73 ; point: (2,—4)

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

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

(4.-7)

x=4+42=6 and y=-7-3=-10
(6,-10)

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

34. Slope :%;point: (-3.2)

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

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

(0.6)

x=04+3=3 and y=6+4=10
(3,10)

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

35. Slope=-2= _Tz; point: (-2,-3)

36.

37.

38.

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

Answers will vary. Three possible points are:
x=-2+41=-1and y=-3-2=-5

(-1-5)

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

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

Slope =—1= Tl ; point: (4,1)

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

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

(5.0)
x=5+1=6 and y=0-1=-1
(6.-1)
x=6+1=7 and y=—-1-1=-2
(7.-2)
(0, 0) and (2, 1) are points on the line.
Slope:ﬂ:l
2-0 2
y-intercept is 0; using y =mx +b:
1
y:E)H_O

2y=x
0=x-2y

1
x—2y=0 or y:Ex

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

Slope = 120 :L:_l
-2-0 -2 2
y-intercept is 0; using y =mx+b:

1
y:—5x+0
2y =—x

x+2y=0

x+2y=0 or y:—%x

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright
laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission

in writing from the publisher.



39. (-1, 3)and (1, 1) are points on the line.

1-3 -2

Using y —y; = m(x—x,)
y=l=-1(x-1)
y—1l=—x+1
y=-x+2
x+y=2or y=—x+2

40. (-1, 1) and (2, 2) are points on the line.

Using y -~ y, = m(x~x,)

1
y—l==(x-(-1)

3

1
y=l==(x+1)

BT
FTIERTS

L.
YT

x=3y=—-4 or y:%x+§

41. 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

42, y—y =m(x-x), m=-1

y=2=-1(x-1)
y—2=—x+1
y=-x+3

x+y=3or y=—x+3

B yy=mx-x). m=—

1
—2=——(x-1
y 2( )
11

2= ——x+—
Y 27 2
L3
YT

1 5
x+2y=5ory=——x+—
Yy y > 5

27

Section F.3: Lines

4. y-y =m(x—x), m=1
y=1=1(x=(=1)
y—l=x+1

y=x+2
x—y==2or y=x+2

45. Slope = 3; containing (-2, 3)
Y=y =mx-x)
y=3=3(x~(~2))
y=3=3x+6
y=3x+9
3x—y=-9 or y=3x+9

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

47. Slope = —%; containing (1, —1)
Y=y =m(x—-x)

y=(h =TG-

y+1:—£x+2
3 3

_ 2 1
VT3S

2
2x+3y=—l or y=—?x—§

48. Slope —%; containing the point (3, 1)
Y=y =m(x-x)
1
-l==(x-3
y-l=7(=3)

=t 3
YT
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Chapter F: Foundations: A Prelude to Functions

49.

50.

Containing (1, 3) and (-1, 2)

54.

x-intercept = —4; y-intercept = 4

2-3 -1 1 Points are (4, 0) and (0, 4)
m=—=—=—
“1-1 -2 2 me_370 _4_
Y=y =m(x—x) 0-C4 4
1 y=mx+b
y=3=5G-D y=lx+4
s b 1 y=x+4
YTIERTy x—y=-4 or y=x+4
1 5
y —EX’LE 55. Slope undefined; containing the point (2, 4)

1
x—-2y=-5 or y:Ex—i-%

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

56.

This is a vertical line.
x=2  No slope intercept form.

Slope undefined; containing the point (3, 8)
This is a vertical line.

m= o4 = 1 x =3 No slope intercept form.
2—-(-3) 5
Y=y =m(x—-x) 57. Horizontal lines have slope m =0 and take the
1 form y =b . Therefore, the horizontal line
y=5==(x-2) . . .
5 passing through the point (—3,2) 1sy=2.
512
o 5 5 58. Vertical lines have an undefined slope and take
1 23 the form x = a . Therefore, the vertical line
Y3y passing through the point (4,-5) is x=4.
1 23
x-5y=-123 ory=gxt 59. Parallel to y =2x; Slope =2

Containing (-1, 2)

51. Slope =-3; y-intercept =3 y=y =m(x—x)
y=mutb y=2=2(x~(-1)
y=-3x+3 y—2=2x+2—>y=2x+4

52.

53.

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

2x—y=—-4 or y=2x+4

Slope = -2; y-intercept =2 60. Parallel to y = —3x; Slope = -3; Containing the
y=mx+b .
point (-1, 2)
y=-2x+(-2) y=yn=m(x—x;)
y=-2x-2 y=2==-3(x—-(-1)

2x+y=—-2 or y=—2x-2

x-intercept = 2; y-intercept = —1

Points are (2,0) and (0,~1)

y—2=-3x-3->y=-3x-1
3x+y=-1or y=-3x-1

“1-0 -1 1 61. Parallel to 2x—y =-2; Slope =2
=02 273 Containing the point (0, 0)
y=mx+b Y=y =m(x—x)
1 y-0=2(x-0)
yzzx—l y=2x

1
x—=2y=2 or y:Ex—l

28

2x—y=0 or y=2x
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62.

63.

64.

Parallel to x—2y=-5;

68.

Section F.3: Lines

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

1 . : point (0, 4)
Slopezz; Containing the point (0,0) Slope of perpendicular = —2
Y=y =m(x—x) y=mith
y=-2x+4

1 1
-0==(x-0)>y=—=x
y S =0 y=2
1
x=2y=0 ory:Ex

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

69.

70.

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.

71. y=2x+3; Slope =2; y-intercept = 3
1 y
65. Perpendicular to y = Ex +4; Containing (1, -2) 8
Slope of perpendicular = -2
(1. 5)
Y=y =m(x-x)
y—(=2)=-2(x-1 0,3)
y+2==-2x+2—>y=-2x
I Y Y Y O
2x+y=0 or y=—2x -5 5
-2
66. Perpendicular to y =2x -3 ; Containing the
point (1, -2) 72. y=-3x+4; Slope =-3; y-intercept = 4

67.

Slope of perpendicular = —%

Y=y =mx-x) 0,4
1
—-(=2)=—=(x-1
y= (2= (=D an
L1111 1 Y Y B,
y+2:—lx+l—>y=—lx—é =5 5
2 2 2 2
(2,-2)
x+2y=-3 or ——lx—é
y y Y75 X

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 z(x (=3)—>y 753

x—-2y=-3 or y:%x+%

29
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Chapter F: Foundations: A Prelude to Functions

1 1 . 1
73. Ey =x-1; y=2x-2 76. y= 2x+5 ; Slope = 2; y-1ntercept=§
Slope = 2; y-intercept = —2
¥
5

L1 |
[ [
-5
1 1 1
74. 5X+y=2;y=—§x+2 77. x+2y=4;2y:—x+4—>y:—5x+2
I . |
Slope = -3 ; y-intercept = 2 Slope = 3 ; y-intercept = 2
YA Yi
I ‘\S_
‘_3’\_ L
¢ )(0,2)_ G. 1) 0, TR 2 D
[ [ - X
-5 - 5 -5 L 4.0)
S5+ s
75 1 2; Sl Loy =2 1
» Y=g x+2; Slope=—; y-intercept = 78 x+3y=6; 3y =x+6->y=_x+2

¥

3
5r Slope = % ; y-intercept = 2
(0.2)4"(2 3) Y

3
AI/I/_IIII;J (02:'5/7
/_

-5 -5 L 5

30
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Section F.3: Lines

79. 2x-3y=6: -3y=—2x+6 222 S rmym2iymacl
. 2X—3y=0; 3y=—2x+ —U’—gx_ Slope = 1; y-intercept = -2

2 . YA
Slope = 3 ; y-intercept = —2 sl
YA R

5r L

- T T 7 Y B

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

! YA
3 L
80. 3x+2y=6; 2y:—3x+6—>y:—zx+3 B
Slo e——i' intercept = 3 [ I :I I
p Z»Y p —= B -
y —
5 B
(©.3) y O
2,0 .
Y T Y T 84. y=-1; Slope =0; y-intercept =-1
-5 5
YA
-3 5r
-5 L
81. x+y=1; y=—x+I IR R .
Slope =—1; y-intercept = 1 = 3y
(03_1)_
Y4
2r B
5+

o~
/;
-
R

=

) L ON 2 85. y=35; Slope = 0; y-intercept = 5
N YA
8_
2 - (0, 5) -
|||||_|||||>x
-2

31
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Chapter F: Foundations: A Prelude to Functions

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

Y

5

89. 2y-3x=0; 2y:3x—>y:%x

3 .
Slope = 5 ; y-intercept =0

T 1T i1

Y

-5

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

90. 3x+2y=0; 2y:—3x—>y:—%x

Slope = —% ; y-intercept =0

i
S_
(=2, 3) —
PO e N T X
88. x+y=0; y=—x 3 (0.0) 3
Slope =—1; y-intercept =0 -
yA — (2,-3)
S: S
2N .
Ll N 91. a. x-intercept: 2x+3(0)=6
5 (0,0 5 2x=6
B x=3
L 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.
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Section F.3: Lines

92. a. x-intercept: 3x—2(0)=6 b.
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.

95. a. 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=7

93. a. x-intercept: —4x+5(0)=40 The point ( 0. % j is on the graph.

_4x =40
x=-10 b
The point (—10,0) is on the graph. )
y-intercept: —4(0)+5y =40
5y =40
y=2_8
The point (0,8) is on the graph.
b. Y
16 96. a. x-intercept: 5x+3(0)=18
5x=18
18
y=-2
5
The point (%,0) is on the graph.
94. a. x-intercept: 6x—4(0)=24 y-intercept: 5(0)+3y =18
6x = 24 3y =18
x=4 y=6
The point (4,0) is on the graph. The point (0,6) is on the graph.

y-intercept: 6(0)—4y =24
4y =24
y=—06

The point (0,—6) is on the graph.
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Chapter F: Foundations: A Prelude to Functions

97. a. x-intercept: %x+%(0)=1 99. a. x-intercept: 0.2x—0.5(0) =1

0.2x=1
lx =1 x=5
2 5 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
y-intercept: 5(0) +§y = y==2
1 -1 The point (0,-2) is on the graph.
3
=3 b.

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

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

The point (—4,0) is on the graph.

. 2
98. a. x-intercept: x —E(O) =4

x=4 y-intercept: —0.3(0)+0.4y =1.2
The point (4,0) is on the graph. 0.4y =12
2 =3
y-intercept: (0) -3 4 The point (0,3) is on the graph.
—%y =4 b.
y=-6

The point (0,—6) is on the graph.
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Section F.3: Lines

101. The equation of the x-axisis y =0. (The slope 112. B (1L,-1), B (41), B(22), P(54)
is 0 and the y-intercept is 0.) 1-(-1) 2 4-1
. - my = =5 My =_—=3
102. The equation of the y-axisis x =0. (The slope 4-1 3 5-4
is undefined.) 4-2 2 2-(-1)
M3y =—, m3= =3
5-2 3 2-1

103. The slopes are the same but the y-intercepts are

different. Therefore, the two lines are parallel. Each pair of opposite sides are parallel (same

slope) and adjacent sides are not perpendicular.

104. The slopes are opposite-reciprocals. That is, their Therefore, the vertices are for a parallelogram.

product is —1 . Therefore, the lines are

perpendicular. 13. A (_1’0)’ b (2’3)> B (1’_2)7 P4(4’1)
3-0 3 1-3
105. The slopes are different and their product does my = =x=h my =—=-1;
. . 2—-(-1) 3 -2
not equal —1. Therefore, the lines are neither
parallel nor perpendicular. 1-(-2) 3 -2-0
M3y = =5=1 M3 = =-
4-1 3 1-(-1)

106. 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.

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

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

P x2 or xoy——2 114. £(0,0), A (13), B (4.2), £ (3,-1)

108. Intercepts: (0,1) and (1,
y=—x+1or x+y=1

0) . Thus, slope =—1.

0,1). Thus, slope = —% diy =J1-0) +(3-0)} =179 =0
s =l4=1) +(2-3) =B+1 =0
dyy =(3-4) +(-1-2)* =139 =10
dl4=\/(3—0)2+(—1—0)2:Jﬁ:m

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

109. Intercepts: (3,0) and (

y:—éx+1 or x+3y=3

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

slope = —l
p 3

yz—%x—l or x+2y=-2

square.
5-3 2 2
1. A (_2’5) » B (1’3) s = 51 = 3 = 3 115. Let x = number of miles driven, and let C = cost
in dollars.
P, (1,3), A (-10): m, = 3-0 3 Total cost = (cost per mile)(number of miles) +
1_(_1) 2 fixed cost
C=0.07x+29

Since m, -m, =—1, the line segments E and
When x =110, C =(0.07)(110)+29 =$36.70 .

P, P, are perpendicular. Thus, the points P, P,,
23 arepbep POTES - &2 When x = 230, C =(0.07)(230)+29 = $45.10

and P are vertices of a right triangle.
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Chapter F: Foundations: A Prelude to Functions

116. Let x = number of pairs of jeans manufactured, 120. a. C=0.0835x+5.25; 0<x<750
and let C = cost in dollars. b
Total cost = (cost per pair)(number of pairs) + Ty
fixed cost .

70
60

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

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

117. Let x = number newspapers delivered, and 30
let C = cost in dollars. 20
Total cost = (delivery cost per paper)(number of
papers delivered) + fixed cost

X

€'=0.53x+1,070,000 0 20 500 70
118. Let x = profit in dollars, and let S = salary in ¢.  For 200 kWh,
dollars. C =0.0835(200)+5.25 = $21.95
Weekly salary = (% share of profit)(profit) +
weekly pay d. For 500 kWh,
§=0.05x+375 C =0.0835(500) +5.25 = $47.00
119. a. C=0.08275x+7.58; 0<x<400 e. For each usage increase of 1 kWh, the

monthly charge increases by 8.35 cents
b.
121. (°C,°F)=(0,32); (°C,°F)=(100,212)
212-32 180 _ 9
100-0 100 5

°F-32 :§(°C—0)

slope =

9
! ! 1 Lr °F-32==(°C)
0 100 200 300 400 5
5
°C==(°F-32
¢. For 100 kWh, 9( )
C =0.08275(100)+7.58 =$15.86 If °F =70, then
o D 5
d.  For 300 kWh, C=500-32)=508%)
C =0.08725(300)+7.58 = $32.41 °C~21.1°
e. For each usage increase of 1 kWh, the 122. a. K ="C+273

monthly charge increases by 8.275 cents 5
b. °C :§(°F—32)

K= g("F ~32)+273

K=§°F—@+273
9 9
K=£°F+2297
9 9

K= é(S"F +2297)

36

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright
laws as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission
in writing from the publisher.



123. a.

Let x = number of boxes sold, and

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

(x;, 4,) = (100,000, 40,000);

(x5, 4,) = (200,000, 60,000)

60,000 -40,000

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

A-40,000 = %(x—lO0,000)

A—-40,000 =%x—20,000
1
A :§x+20,000

b. Ifx=300,000, then
A= %(300, 000)+ 20,000 = $80,000

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

126.

Section F.3: Lines

are parallel.

Refer to Figure 45.

length of &=\/1+mﬁ
length of &:\/1+m22

length of AB = m; —m,

Now consider the equation

(\/l-i-ml2 )2 +(\/l+m22 )2 = (ml —m, )2

124. Find the slope of the line containing (a,b) and If this equation is valid, then A4OB is a right
triangle with right angle at vertex O.
(b, a) . 5 2 > 2 )
a—b (\/l—i-m1 ) +(\/l+m2 ) :(ml—mz)
slope = =-1
—a 1+m12+1+m22=m12—2m1m2+m22
The slope of the line y =x is 1. 2 5 2 2
24m” +my” =m" —2mm, +m,
Since —1-1= -1, the line containing the points But we are assuming that mym, = —1, s0 we
(a,b) and (b, a) is perpendicular to the line 12 ’
have
=Xx.
7 2+mlz—i-mz2 :m12—2(—1)+m22
The midpoint of (a,b) and (b,a) i
e midpoint of (a,b) and (b,a) is 2+m12+m22=m12+2+m22
M:(a+b’b+a) 0=0
2 2 Therefore, by the converse of the Pythagorean
Since the coordinates are the same, the midpoint Theorem, A4OB is aright triangle with right
lies on the line y =x. angle at vertex O. Thus Line 1 is perpendicular
a+bh b+a to Line 2.
Note: =
2 2 127. (b), (c), (¢) and (g)
The line has positive slope and positive
125. 2x-y=C y-intercept.
Graph the lines:
2x— y= -4 128. (a)a (C)a and (g)
2x-y=0 The line has negative slope and positive
2x—y=2 y-intercept.
All the lines have the same slope, 2. The lines 129. (c)
130. (d)
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Chapter F: Foundations: A Prelude to Functions

131. -133. Answers will vary. . ) b )
Line 2 has x-intercept ——— and y-intercept b .
134. No, the equation of a vertical line cannot be ) e )
written in slope-intercept form because the slope Assume also that Line 1 and Line 2 have unequal
is undefined. slopes, that is m # m;, .
If the lines have the same x-intercept, then
135. No, a line does not need to have both an x- b b
intercept and a y-intercept. Vertical and - =
horizontal lines have only one intercept (unless i s
they are a coordinate axis). Every line must have b __ b
at least one intercept. m m,
136. Two lines with equal slopes and equal —mpb=—mb
y-intercepts are coinciding lines (i.e. the same). —myb+mb =0
] ) But —myb+mb=0=b(m —m,)=0
137. Two lines that have the same x-intercept and y-
. . . . =b=0
intercept (assuming the x-intercept is not 0) are
the same line since a line is uniquely defined by or my —my =0=m =m,
two distinct points. Since we are assuming that m, # m,, the only
. . . hat th li h h -
138. No; two lines with the same slope and different way that t © two fines can have the same x
. o ) intercept is if b =0.
x-intercepts are distinct parallel lines and have
1o points l,n common. . 140. Answers will vary.
Assume Line 1 has equation y =mx+ b, and
Line 2 has equation y =mx+b,,
. . b . .
Line 1 has x-intercept —— and y-intercept b,. Section F.4
m
. . b . . ;
Line 2 has x-intercept ——2 and y-intercept b, . 1. add; 25
m
Assume also that Line 1 and Line 2 have unequal 5 -7V 49
x-intercepts. "\ T4
If the lines have the same y-intercept, then )
by=b,. x2—7x+?=(x—%j
b b b b
bl :b2 :_12_2:——1:——2
m m m m s 2 .
b b 3. False; for example, x“ + y“ +2x+2y+8=0 is
But —;1 = —;2 = Line 1 and Line 2 have the not a circle — it has no real solutions.
same x-intercept, which contradicts the original 4. radius
assumption that the lines have unequal x-
intercepts. 5. True; > =9—>r=3
Therefore, Line 1 and Line 2 cannot have the ’
same y-1ntercept. 6. False; the center of the circle
2 2 .
139. Yes; two lines with the same y-intercept, but (x+3)"+(r-2)" =13 is (-3,2).

different slopes, can have the same x-intercept if
the x-interceptis x=0.
Assume Line 1 has equation y =m;x+5b and

Line 2 has equation y =m,x+b,

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

38

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

=J2-0 +(1-1)> =+4=2

Equation: (x—2)>+(y-1)> =4
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Section F.4: Circles

8. Center = (1, 2) 12. (x—h)? +(y—k)2 =2
Radius = distance from (1,0) to (1,2) (1= 0)2 +(y—0)? = 3?
x— y-0)" =

_ _1\2 —_0)2 = —
=J1=1)>+(2-0) =~/4 =2 2 4y? =9

Equation: (x~1)" +(y~2)* =4 General form: x*+ 1> -9=0

9. Center = midpoint of (1, 2) and (4, 2)

-(522)-i29

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

_(a5Y ﬁz
_J(4 I

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

N2 22
10. Center = midpoint of (0, 1) and (2, 3) 13. (x=h "+ =k =r

_[0+2 1+3j_(1 ) (x—0)* +(y-2)* =2
272 ’ x2+(y—2)2:4
Radius = distance from (1,2) to (2,3) General form: x° + y> —4y+4=4
= J(2-1) +(3-2) =2 x4y —4y=0
¥
Equation: (x—l)2+(y—2)2:2 51\_
1. (x=h)?+(y—k)? =7 (0!2)6:
(x=0)Y +(y—0)* =22 LN T o
2 2 _ - L 5
x+y =4 L
General form: x* +y? —4=0 B
y i

14. (x—h)?+(y-k)* =r*
(x=1)% +(y-0)* =3
(x=1)*+)»*=9

General form: x* —2x+1+y*=9

x*+y?-2x-8=0

YA
5 —

|||/L|||g

-5 L (1, 0) 5

39
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Chapter F: Foundations: A Prelude to Functions

15. (x—h)’ +(y—k)* =+* 18. (x—h)Y+(y—-k)* =¢?
(x=4) +(y—(-3))* =5 (x=(=5) +(y-(=2)* =7
(x—4)* +(y+3)* =25 (x+5)° +(y+2)* =49

General form:

General form: x* +10x+25+ y> +4y+4=49
x> —8x+16+1y> +6y+9=25

, x>+ 2 +10x+4y-20=0
x“+y =8x+6y=0

YA

2_

I N N Y . VY 3

L ]
. -3)

-3

16. (x—h)?+(y—k)* =r?

(=2 4 (y=(3) =4 19. (x—h) +(y—k) =12
(x—2)2+(y+3)2:16 1V ) 1V
General form: x* —4x+4+y* +6y+9=16 (x_zj +(y-0)" = 5]
x*+y?—4x+6y-3=0 A
YA [x——] +y :Z
e
Ll AT TN L 2

-3

. 15
7 General form: x —x+Z+y =

x2+y2—x:
-II'IJI.
2_
-8
17. (x=h)? +(y—-k)* =+
(x=h)y+(y—k) =r | | K"T\! X
(x—(=2)+(y-1* =4 =2 Y 2
.'1 %
(x+2° +(y-1* =16 - (5.0)
General form: x* +4x+4+y*-2y+1=16 ]
X+ +4x-2y—-11=0 -

20. (x—h)Y +(y—k)* =+

oo (] )

40
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Section F.4: Circles

2 2
General form: x2+y2+y+%:% 23. 2(x-3) +2y" =8
2 2 _ (.x_3)2+y2:4
X +y +y=0
’ a. Center: (3, 0); Radius =2
'2“_ b.
| | | L X
-7 3
2 N 2
v
(-3)
-2 2 2
24. 3(x+1)" +3(y-1)" =6
(x+1)> +(y-1)’ =2
21. X’ +y* =4
X4yt =22 a. Center: (-1,1); Radius = V2
a. Center: (0,0); Radius =2 b. v
YA
b. sl
Vg L _-LD)
5_
B JJ_AQ
— X
5 B 5
44_
L 25. 4y —2x—4y—4=0
2 2
x =2x+y —4y=4
2. Pi(y-1)’ =1 i AR
2y (1P =1 (x=2x+D)+(y " —4y+4)=4+1+4
x+(y-1)"=
d (x-1)*+(y-2)*=3
a. Center:(0, 1); Radius =1 a. Center: (1,2); Radius=3
b. b
- ¥y (1,2)
A
5_
(0.1) B
J_A:ﬁDx_AJ_A_A_,
X
-5 L 5
44_

41
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Chapter F: Foundations: A Prelude to Functions

26. X+  +4x+2y-20=0 b.

v
x2+4x+y2+2y=20 )

5%
(X +4x+4)+ (Y +2y+1)=20+4+1 -
(x+2) +(y+1)* =57 -
a. Center: (-2,-1); Radius=15 B "4
-5 | 5
b. B
: - 3,1
5+ | (- 37)
\ -5
| A I 5 5
L 5 29. X +y —x+2y+1=0
C xz—x+y2+2y:—l
B 1 1
I 2 2
X" =x+—|+ +2y+D)=-1+—+1
P ( 4j (" +2y+0) p
1Y 1Y
27. ¥+ +4x—-4y-1=0 [X_E] +(y+1)2:(5j
X +4x+y’ —4y=1
1 . 1
(x> +4x+4)+ (P —4y+4) =1+4+4 a. Center: (E’_lj;RadluS_E
(x+2)*+(y-2)* =3
b.
a. Center: (-2, 2); Radius =3 v
E.
b =
| | | [
-2 2
I T
- |
\_:5(1 |
2k (E‘_)
-5
30 x2+y2+x+y—l:0
28. ¥ +y?—6x+2y+9=0 2
X' —6x+y*+2y=-9 x2+x+y2+y:l
2
(x> —6x+9)+(* +2y+1)=-9+9+1 . N 11
2 2
+x+—|+| Y Hy+—|=—+—+—
(x=3)+(y+1)*=1* [" x 4j [y y 4j 2T a Ty
a. Center: (3,—1); Radius=1 1) 1Y
(x+5j +(y+5j =1’

a. Center: (—l,—lj;Radius—l
272

42
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Section F.4: Circles

b b
L YA
2_ S_
— 20 [
LA N 1y i

) KL) 2 CE
- —
L~ :
L L
2 2
3. 2x%42)7 —12x+8y-24=0 33. 2x"+4x+2y" =0

2 2 _
x2+y2—6x+4y:12 X" +2x+y° =0

x2+2x+1+y2 =0+1

x2—6x+y2+4y:12 5
(x+l) +y? =1

(x* —6x+9)+(y* +4y+4)=12+9+4

(x=3)2 +(y+2)* =5 a. Center: (—1,0); Radius: r=1
a. Center: (3,-2); Radius=35 b.
b. y
Y |
5+ 5+

32. a. 2x*+2)*+8x+7=0
x2+y2+4x:—z 34. 3x2+3y2—12y:O
2 Xy’ —4y=0
2 2 2, .2
X" +4x+y =3 X" +y —4y+4=0+4

2 2
X +(y-2) =4
(x2+4x+4)+y2:—%+4 (»=2)

| a. Center: (0,2);Radius: r=2
2, 2 1
(x+2)"+y° = 5 b.
2 y
(x+2)" +)* :(Q] -
2 ST (0,2)
Center: (-2, 0); Radius = g ‘;
Lll 1| A
-5 | 5 X
5F
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Chapter F: Foundations: A Prelude to Functions

35.

36.

37.

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

Equation: (x—0)*+(y—0)* = (\/B)Z

x2+y2:13
x*+y*-13=0

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

r=(3-1) +(2-0) =16+4 =420 =25

Equation: (x—1)* +(y-0)* = (m)z

Xt =2x+1+y% =20
x*+y?—2x-19=0
Center at (2, 3); tangent to the x-axis.
r=3
Equation: (x=2)2 +(y=3)* =3
X' —4x+4+y"—6y+9=9
x4y’ —4x—6y+4=0

40.

41.

42.

43.

44.

45.

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

Center: [ﬁ,ﬂ

2 j:(z’z)
Radius: r=/(4-2) +(3-2) =V4+1=15

2
(x=2)+(y-2)* =(5)
X' —dx+4+)y' —4y+4=5

Equation:

x*+y P —4x—4y+3=0
(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 that x = y at the upper-right corner of

38. Center at (-3, 1); tangent to the y-axis. the square. Therefore, we get
r=3 x> +)y* =9
Equation: (x+3) +(y-1* =32 22 =9
X 46x+9+y -2y +1=9 2:2 =9
x>+ +6x-2y+1=0 2.9
2

39.

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

Center: (1 a ) ,ﬂ] =(-13)
2 2

J§ 32
X = _—=—
2 2

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

Radius: 7 =+/(1-(-1))* +(4-3) 2
’ r:jm:\/g A232=(2~¥J :(3@)2218 square units.

(=) + (=37 =(V5)
X +2x+1+y*—6y+9=5

Equation:

X+ +2x—6y+5=0

46.

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

44
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47.

48.

xz+y2 =36
¥ +x? =36
2x% =36
x* =18
x:3\/5

The length of one side of the square is 2x . Thus,
2
the area of the square is (2 32 ) =72 square

units. From the equation of the circle, we have
r =6 . The area of the circle is
7t = 7r(6)2 =367 square units.

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

X +y? +2x+4y—4091=0
x* +2x+y? +4y—4091=0
X +2x+1+ 1y  +4y+4=4091+5
(x+1)° +(y+2)° = 4096
The circle representing Earth has center (—1,-2)

and radius = /4096 =64 .

So the radius of the satellite’s orbit is
64+ 0.6 = 64.6 units.

The equation of the orbit is

(x+l)2 +(y+2)2 = (64.6)2
x*+ 7 +2x+4y—4168.16=0

a. x* +(mx+b) =r*
x* +m*x? + 2bmx +b* = r?
(1+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* + 47 + 4m*r? =0

b+ +m’r? =0

rP(l+m*)=b

45

Section F.4: Circles

b. Using the quadratic formula, the result from
part (a), and knowing that the discriminant
is zero, we get:

(1+m*)x* + 2bmx+b*> —r* =0

—2bm -bm  —bmr*  —mr’
X = 5 = = 3 =
2(1+m”) ﬁ b b
2
—mr? —m?r?
y=m +b= +b
b b

2.2, 12 2
-mr°+b r

b b

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

-
b 2 b 1

,
b —mr? m

)

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

49. x*+y?=9

Center: (0, 0)
Slope from center to (1, 22 ) is

2\/5_():&:2\/5.

1-0 1
Slope of the tangent line is -1 = —ﬁ .
22 4
Equation of the tangent line is:
2
y—2\/7=—§( -1)
y—2x/7=—£x+£
4 4
4y-8J2 =2 x++2
V2 x+4y=9\2

V2 x+4y-9J2 =0
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Chapter F: Foundations: A Prelude to Functions

50. x*+y*—4x+6y+4=0 52. Find the centers of the two circles:
X4y —4x+6y+4=0

(x* —4x+4)+ (1> +6y+9)=—4+4+9
(x* —4x+4)+ (1 +6y+9)=—-4+4+9

(x-2)*+(y+3)* =9

Center: (2,-3) (x=2+(y+3)* =9
Slope from center to (3,2\/5 —3) is Center: (2,-3)
W2-3-(-3) 22
3_2( ): 1 =212 x2+y2+6x+4y+9=0
1 NG (X +6x+9)+(* +4y+4)=-9+9+4
Slope of the tangent line is;: —==—-—— 2 2 _
22 4 (x+3)"+(y+2) =4
Equation of the tangent line: Center: (-3,-2)
a ( N 3) __ ﬁ (x=3) Find the slope of the line containing the centers:
g 4 LoD 1
V232 -3-2 5
y-22+3=-2 x4 N2 Fi . : L
4 4 ind the equation of the line containing the
4y-8J2+12=—2x+32 centers: |
V2x+4y-11W2+12=0 y+3=—(-2)
Sy+15=—x+2
51. Let (h, k) be the center of the circle.
x+5y=-13
x—2y+4:O—>2y=x+4—>y:%x+2 x+5y+13=0

53. Consider the following diagram:

The slope of the tangent line is % The slope N

from (h, k) to (0,2)is —2.
2-k

=-2 — 2-k=2h m
o . . (2.2)
The other tangent line is y =2x—7 and it has _

slope 2.

The slope from (4, k) to (3,-1) is —l.
2 Therefore, the path of the center of the circle has

-1-k :_l the equation y=2.
3-h 2
242k =3-h 54. C=2nr
2k=1-h 6 =2xr
h=1-2k 6z 2nr
Solve the two equations in /4 and & : 2r  2x
2—k=2(1-2k) 3=r
2—k=2—4k The radius is 3 units long.
=0 55. (b), (©), (¢) and (g)
k=0 We need A,k >0 and (0,0) on the graph.
h=1-2(0)=1
The center of the circle is (1, 0). 56. (b), (¢) and (g)

Weneed <0, k=0, and |h|>r.

57. Answers will vary.
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