Section P.2 Linear Models and Rates of Change 11

76. (a) Intercepts for y = x° — x:

il

y-intercept:  y = 0° -0 =0 (0,0)

x-intercepts: 0 = x> - x = x(x2 - 1) = x(x - )(x + 1);
(0,0),(1,0)(-1,0)

Intercepts for y = x* + 2

y-intercept: 3 = 0+ 2= 2;(0,2)

x-intercepts; 0 = x° + 2
None. y cannot equal 0.

(b) Symmetry with respect to the origin for y = ¥ = x because

—y = (-2 - (%) = -2 + x
Symmetry with respect to the y-axis fory = x? + 2 because
y=(—x)2+2=x2+2.
(©) X -x=x*4+2
B-xt-x-2=0
(-2 +x+1)=0
x=2=y=6

it

Point of intersection : (2, 6)

Note: The polynomial x* + x + 1 has no real roots.

77. False. x-axis symmetry means that if (-4, —5) is on the b+~ — 4ac
. 79. True. The x-intercepts are | ————————— 0|,
graph, then (— 4, 5) is also on the graph. For example,

(4, -5) is not on the graph of x = y? — 29, whereas
(—4, -5) is on the graph. 80. True. The x-intercept is (_EIZ_, 0).
a

78. True. f(4) = f(-4).
Section P.2 Linear Models and Rates of Change

1. m=2 7-1 6
m — —

6. =—_—== -2
-2 -1 -3
2. m=0 .
3.0m =1 27N 7
5
4. m = -12
. 3
5 m = 2 ~(_4) S E = 3 L : ‘(l,l)
5-~3 2 4-xzui_lL{\§4 ‘

©-2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to'a publicly accessible website, in whole or in-part,

—




12 Chapter P Preparation for Calculus

7. m = 1=6 = :j, undefined. 1.
4 -4 0
The line is vertical.
-Il
o {4.6)
%0 12.
5 — (=5)
gom=2C)_0
5-3 2
The line is horizontal.
slu"""r 13.
1 135 o4 5 ¢
L
il
14.
B (G.=5) (5.-5)

18,

16.

17.

sl
=

m is undefined.

Because the slope is 0, the line is horizontal and its
equation is y = 2. Therefore, three additional points are

(0, 2), (1, 2), (5, 2).

Because the slope is undefined, the line is vertical and its
equation is x = —4. Therefore, three additional points

are (-4, 0), (-4, 1), (-4, 2).

The equation of this line is
y-T7=-3(x-1)
y = -3x + 10.

Therefore, three additional points are (0, 10), (2, 4), and
3, 1).
The equation of this line is
y+2=2x+2)

y=2x+2
Therefore, three additional points are (-3, -4), (-1, 0),
and (0, 2).

y=%x+3
4y = 3x + 12

0=3x-4y +12
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Section P.2 Linear Models and Rates of Change 13

18. The slope is undefined so the line is vertical. 21, y+2=3(x-3)
x=-3 : y+2=3x-9
x+5=0 y=3x-11
=3x-y-11
1- \
B g gl IS

(=3,-2) -2

19. y=%x
3y = 2x 22, y—4=—%(x+2)
0=2x-3y 5y -20=-3x-6

3x+5y-14=0

(b)

_ By the Pythagorean Theorem,
It o x* = 30% + 107 = 1000
x = 10v/10 = 31.623 feet.

24. (a) ¥ (b) The slopes are: _—295'§ — 293'0 =28
298.6 — 295.8 -8
6-5
301.6 — 298.6 =30
7-6
3044 - 301.6 =28
3 : 8§-17
Year 4 e 2004) 307.0 — 304.4 Y
9-8 '

The population increaéed least rapidly from 2008 to 2009.

(c) Average rate of change from 2004 to 2009: (d) For2020,t = 20and y ~ 16(2.8) + 293.0 = 337.8 million.
307.0 - 293.0 _ 14 ‘ [Equivalently, y ~ 11(2.8) + 307.0 = 337.8]
9-4 5
= 2.8 million per yr

i ,A .©:2014 Cengage Leaming, All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




14 Chapter P Preparation for Calculus
25, y = 4x - 3
The slope is m = 4 and the y-intercept is (0, -3).

i
y=x+1

26, —x + ¥

]

The slope is m = 1and the y-intercept is (0, 1).

®x+5y

=20
y=-tx+4
. . . 3. y=tx -]
Therefore, the slope is m = —3 and the y-intercept is 3
©,4). ' F
28. 6x - 5y = 15 , N
6 Aot bty
y=2x-3 -3 22 o 3
5 / K
Therefore, the slope is m = -g—and the y-intercept is 2T
a4
(0, -3). i {
29. x =4 -
* 35) y-2=3x-1)
The line is vertical. Therefore, the slope is undefined and 3 1
there is no y-intercept. . Yy =9x+3
30, y = -1 ‘ t

The line is horizontal. Therefore, the slopeis m = 0 and
the y-intercept is (0, 1),

3. v = -3
¥
24
L
~—t—t " x
S3-2-1 | 12 3 45
-2 4
g
v
~54 \
-6 157/
124
32. x =4
’ ——t—t— e
r ~16 -12 -s/ 4 3
3 _ad
el
2 i
1
f——t——t e x 37 2x -y -3 =0
1 2 3 5
-l y=2x-3
34
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Section P.2 Linear Models and Raies of Change 15
Boxr2yre=0 43, m = §-_—3 é, undefined
o= =dx 3 -
. The line is horizontal.
x=06
4
\ .1 x—-6=0
._|':) .35 —N ' J
1 ¥4 6.8)
> 61
-6 7 6.3
_ . NN B
39 m = 3-0_ 2 -2
4 -0 N+ (5. h)
y -0 = 2(X 0)
y = 2x T 44.,n:;:_2ﬂ:2=0
0=2x-y . 02_)“ L _ 3-1 2
4 -2 Td 6 y=-2
I y+¥2=0
7 - (-2 T
40. m (=2 2.3 \ P
1"(—2) 3 3/ -1 1 2 3 4
Jpen S
-(-2) = 3(x - (-2
y ( ) ( ( )) 4 (.-2) (3.-2)
y+2=3(x+2) . / T
- fom -4t
y=3x+4 ~--(f,_l4_2) 12 4 e
0=3x-y+4 4
7.3 u
45. m =24 -4 _ L
8-0 8 y 1 12 X
4. m=——"F = -2 -0 =
2-5 3 2 2 : ATd(1 1
JpG-3)
8 3 11 2
y=0=—{x-5) y=7=5(x-9 ey
8 40 ]l 3 -4 ~3 -2 -1 12 3 4
y=gx PETETY
8x+3y—-40=0 0=22x—-4y+3
2 :ﬁ‘_zl;i__l (EJ_[_l) 1 .
3o -4 46 m- LA 18 |
y -2 -A-l(x - 1) 7 —~ _5_) _.g 3
8 4 8
y—=2=-x+1 N
1 -8 5
_\+y—3= + - = — —_— 3
YTET 3 (x 4)
12y + 3 = —32x + 40 .
2x+12y-37 =0 ERNE 2
S N
A N
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16  Chapter P Preparation for Calculus

47. X

=
I
w
]
S W

3.

—"“’T‘)—.l
48, m = b
a
Y= =x+b
a

49. 242y
2 3
Ix+2y-6=0
x oy
50 2"-—2—]
3
—33:__2_1
2 2
x+y=-=2
+y+2=0
s1. 240 Y o
a a
.1_+2.=1
a a
3
a
a=3=x+y=3

X+y-3=90

+

Q V=~ alns 0w

Qlc‘unlx
+

=1=>x+y=1
X+y-1=90

]

1]

53.

Ny
| +
[N

g’]\o )
+

|

I

O
l
o R

2a

A
a -a

@ The given line is vertical.
@ x=~7orx+7=0

0

It

n

(b) y==20ry+2

56. The given line is horizontal.
@ y=0
() x=-Lorx+1=0

]

]
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Section P.2  Linear Models and Rates of Change 17

57, x—y = -2 '4@5x—3y=0
y=x+2 y=%x
m =1 m=§
-5=1x-2
@@ (x-2) @ y-1-3x-3)
y—-5=x-2 8 3 4
x-y+3=0 24y - 21 = 40x - 30
0 =40x-24y -9
b) y-5=-lx-2) , , ,
yoS=ex+2 (b) y-g=-ix-3)
Xt y—1T= 40y - 35 = ~24x + 18
24x + 40y - 53 = 0
58. x+y=17
y=-x+17 62. 3x +4y =7
m= -1 4y = 3x +7
@  y-2=-1x+3) y=-3x+1
y-2=-x-3 =3
x+y+1=0 3
() y-2=1x+3) @ y-(-5=-3>-9
y-2=x+3 y+5=—%x+3
0=x-y+5 4y +20 = ~3x + 12
_ 3x+4y+8=0
@4x—2y=3 i’ 4
21 ® y-(-5)=3(x-4)
2 +5=4x-18
m=2 Y 373
(a)y—1=2(x—2) 3y +15=4x-16
y-1=2x-4 ’ 0 =4x -3y -3l
0=2x-y-3
. 1 . 5 63. The slope is 250.
(®) y-1=-3(x-2 = 1850 when 7 = 2.
2y-2=-x+2 v = 250( — 2) + 1850
¥+2y-4=0 = 250t + 1350
. 7 4y =
60. 7x + 4y 8 64. The slope is 4.50.
y=-Tx+8 V =156 whent = 2.
-7
y=—4—x+2 V = 45(t - 2) + 156
7 = 4.5t + 147
m=——
4 65. The slope is —1600.
@) y+l=‘_7(x_§) V = 17,200 when ¢ = 2.
2 4 6 V = —1600(t - 2) + 17,200
1 -7 35
+ - = —_—x 4 — = -
y 2 4x 24 16007 + 20,400

24y +12 = ~42x + 35
42x + 24y - 23 =0

66. The slope is —5600.

V = 245,000 when ¢t = 2.
(b) y+la i(x _ 2) V = -5600(t — 2) + 245,000
2 7\ 6 = —5600¢ + 256,200
42y + 21 = 24x - 20

24x - 42y - 41=0
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18  Chapter P Preparation for Caicuius
67 m = —=0 _
20D
my = -2-0 .2
2-(1) 3
my#F m,

68.

69.

The points are not collinear.

-6-4 10
m = ——=
7-0 7
11~-4 7
m2=-——-=—~
-5-0 5
ml¢I'ﬂ2.

The points are not collinear.

Equations of perpendicular bisectors:

_c _ a+b(x_b—a)
I 2
Setting the right-hand sides of the two equations equal
and solving for x yields x = 0.

Leiting x = 0 in either equation gives the point of
intersection:

[’0, M)
2¢

This point lies on the third perpendicular bisector,
x = 0.

Equations of medians:
y=x
b
c
= X +a
Y 3a + b( )
c
y= -3a + b(x N a) a0 0.0 @0y

Solving simultaneously, the point of intersection is (g —;—)

71. Equations of altitudes:

a-b,
= (x+a)
x =)
+ b
e )
c

Solving simultaneously, the point of intersection is

2 bZ
(bw a )

c

72. The slope of the line segment from (g, —;-) to

2 _ g2
(b, a b ]is:
c

~ [(a2 - bz)/c] - (¢/3)

my =

b~ (b/3)
i (3a2 - 3h% - cz)/(3c) _3a - 367 - ¢
- (2b)/3 - 2b¢

The slope of the line segment from [2, -;J to

—a® + b® + ),
0, ————— | is:

2c
- [(——a2 + 5% cz)/(Zc)] - (¢/3)
o 0 - (/3)
B (—3a: +3b% + 3¢% - Zcz)/(éc)_ 3ab-3p - ¢?
B -b/3 - 2be

Therefore, the points are collinear.
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73. ax

(a)

(®

©

@

(e)

77. {a)

®

©

78, (@)

(b)
©

Section P.2  Linear Models und Rdtes of Change 19

+ by =4

The line is parallel to the x-axis if a = 0 and
b % 0

The line is parallel to the y-axis if 6 = 0and
a#0.
Answers will vary. Sample answer: a = -5 and
b =28
-5x + 8y = 4
- 5 Z 5.1
,V—%(SA‘?'4)-§A'. ;
The siope must be —3.

Answers will vary. Sample answer: a = 5and
b= 2.

5x +2y =4
y=2(-5x+4)=-3x+2
=5 -
a=3sand b = 3.
%x+3y=4
Sx + 6y =8

Current job: W = 0.07s + 2000
New job offer: W, = 0.05s + 2300

3500

(15,000, 3050) r
-

e

—

1500

74, (a) Lines c, d, e and f'have positive slopes.
(b) Lines a and b have negative slopes.
(c) Lines ¢ and e appear parallel.
Lines d and fappear parallel.
(d) Lines b and fappear perpendicular.
Lines b and d appear perpendicular,

75. Find the equation of the line through the points (0, 32)

and (100, 212).
'm = 180 . 9
100 5
Fo32= HC-0)
F=3%C+32
or

C = %(SF - 160)
SF-9C -160 =0
For F = 72°, C =~ 22.2°

76. C = 0.51x + 200
For x = 137, C = 0.51(137) + 200 = $269.87.

Using a graphing utility, the point of intersection is (15,000, 3050).

Analytically, W, = W,
0.07s + 2000 = 0.05s + 2300
0.025 = 300 '
s = 15,000
So, W = W, = 0.07(15,000) + 2000 = 3050.
When sales exceed $15,000, the current job pays more.
No, if you can sell $20,000 worth of goods, then W, > W,.
(Note: #, = 3400 and W, = 3300 whens = 20,000.)

Depreciation per year: 1000

875 _

== $175 \
y = 875 - 175x -

where 0 < x < 5. .
0 = 6

¥ =875 -175(2) = $525

200 = 875 - 175x

175x = 675

X ~ 3.86 years
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20 Chapter P .Preparatio'n Jor Calculus

79. (a) Two points are (50, 780) and (47, 825). 82. The tangent line is perpendicular to the line joining the
The slope is point (4, ~3) and the center of the circle, (1, 1).
825 - 780 45
m= 20 22 s,
47 - 50 -3

p =780 = -15(x - 50)
p = ~15x + 750 + 780 = -15x + 1530

or
I
x = —(1530 -
5 p)
(b) 50 i
N\ Slope of the line joining (1, 1) and (4, -3)is
AN 1+3_-4
: } 1-4 3
0 1600
) Tangent line:

If p = 855, then x = 45 ynits. p+3= i_(x —4)

(©) If p = 795, then x

it

~1—(1530 = 795) = 49 units

15 y = %x —6
80. (2) y = 18.91 + 3.97x 0 = 3x - 4y — 24
(> = quiz score, y = test score)

. _ _ 12 + (0@ - 2|

(b) w2 8 x-y-2=0=4 =
" \/12 + 12
0 8
e _5 _5/2
|~ 2 2

o 20

84, 4x 43y 10 = 0 = g = 42 +30) - 10|

© If x =17, y = 1891 + 3.97(17) = 86.4. i e TR 2

(d) The slope shows the average increase in exam score
for each unit increase in quiz score.

(e) The points would shift vertically upward 4 units.

[C YN

85. A point on the line x + y = 1is (0, 1). The distance

The new regression line would have a y-intercept from the point (0, 1) to x + y=5=0is
4 greater than before: y = 22.91 + 3.97x. 10) +1(1)=5] |1—-5%
d=’() (1) |=f ,=i=2\/§,
81. The tangent line is perpendicular to the line joining the VI g 12 V22

point (5, 12) and the center 0, 0).

\ 86. A point on the line 3x — 4y = Tis (~1, ~1). The

K’ 7 distance from the point (-1 ~I)to 3x — 4y — 10 = Qs
sk .

I __m."o;i =“n—.—\ d = '3(_1) _ 4(_1) _ ]O, = |_3 t4- 10| = 2

_/ I+ (=) 5 5

Slope of the line Joining (5, 12) and (0, 0)is ]—52—

The equation of the tangent line is
-5
-12=—"(x-35
y )
-5 169
12 12
Sx +12y -~ 169 = 0.

y:
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Section P.2 Linear Models and Rates of Change
87. If 4 = 0,then By + C = 0is the horizontal line y = —C/B.The distance to (x, y,) is
By +C|_|4x + By + C|

o)
"B B J4 + B?
If B = 0,then Ax + C = 0 is the vertical line x = ~C/A. The distance to (x,, y,) is
(—CJ |[4x + C| |4% + By, + C|
X — | — = = .
¥ | 4] N
(Note that 4 and B cannot both be zero.) The slope of the line Ax + By + C = 0is ~4/B.

d:

The equation of the line through (x,, ;) perpendicular to Ax + By + C = 0 is:
5 .

y=n=—x-x)
Ay — Ay, = Bx - Bx
Bxy — Ay, = Bx - Ay
The point of intersection of these two lines is:
Ax + By = -C = A%x + ABy = —-AC M
Bx — Ay = Bx, — Ay, = Bx — ABy = B’x; — ABy, (2)
(A2 + Bz)x = —AC + B’x, — 4By, (By adding equations (1) and (2))
Lo ZAC+ B%x, — ABy,
A4+ B
Ax + By = —C = ABx + B’y = -BC €]
Bx — Ay = Bxy — Ay) = —ABx + A’y = —ABx, + A%y, (4)

(A2 + B2)y = —=BC - ABx + A’y (By adding equations (3) and (4))
_BC — ABx, + Ay,
A% + B?

y=

A + B? ’ A* + B?

The distance between (x;, ) and this point gives you the distance between (%, ») and the line Ax + By + C = 0.

go |[FAC+ B — 4By T [-BC - aBx + 4%, ’
B Y ey Bl A* + B? e

_ 2 R 2
( AC + B'xy — ABy, —BC - ABy + 47y 'j point of intersection

_ [-4c - 4By - 2257 L [-BC - By - By T
4 + B 4* + B

\/F—A(C + By + Ax,)]z . [—B(C + Ax + By,)]z (42 + BY)(C + 4x + By)'  |aw + By + C

A+ B? A + B2 (42 + 32)2 A+ B
sy =mi+4=>m+(-)y+4=0
Sl By |m3a ()0 + 4] [3m 3]
- N2 B \/m2+(_1)2 m? +1
The distance is 0 when m = —1.In this case, the line y = —x + 4 contains the point (3, 1).

8

N

N

21




22 Chapter P Preparation for Caleylus

89. For simplicity, let the vertices of the thombus be (0, 0)
(a,0), (b, ¢), and (a + b, ¢), as shown in the figure.

]

The slopes of the diagonals are then m =

¢ and
a+b

my = Because the sides of the rhombus are

- a

equal, a®> = 5% + ¢2, and you have

- c ¢ c? et )
l 2 R e———— —— N ee— T e— =
a+b b-ag B-g2 2

Therefore, the diagonals are perpendicular.
y

b, ¢) (a+b,c)

> x

](0. 0 (4,0

90. For simplicity, let the vertices of the qQuadrilateral be
(0, 0), (a, 0), (b, ¢), and (d, e), as shown in the figure.
The midpoints of the sides are

(a J a+b c)y(b+d c+ej d e
_307 s T hy“,and AT
2 2 2 2 2 22

The slope of the opposite sides are equal:

E-O cte e

2 - 2 2. _¢
a+b_3 b+d-__a[ b

2 2 2 2
0- £ e _cte

2. ___2 2 - e
E-i a+b_b+d a-—-d
2 2 2 2

Section P.3 Functions and Their Graphs

L@ f(0)=70)-4=-4
®) /(=3) = 7(-3)- 4 = 25
© f(B)=7)-4=7-4

(d) f(x—l)=7(x—1)—4=7x—-ll

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website,

91. Consider the figure below in which the four points are
collinear. Because the triangles are similar, the result
immediately follows.

* *
2T oy -y

* ® T

X2 =X 2 -

92. If m; = ~1/m,, then mmy = ~1.Let L,be aline with

slope m; that is perpendicular to L. Then mm, = -1,

So, my = my = L, and L, are parallel. Therefore,

L, and L, are also perpendicular.

93. True.
¢ a
ax+by=¢ = p=-"y4 9 my = 3
b c, b
bx~ap=¢; = p=ZLx_ %2 m, = —
a a a
1
my = ———
m
94. False; if m, is positive, then m, = -1/my is negative.

95. True. The slope must be positive,

96. True. The general form Ax + By + C = Oincludes both
horizontal and vertical lines. ’

2@ f(-4) = JTET5 = T -4
® 0 =V11+5 =16 = 4
© f@=vV4+5=/ =3
@ fx+8x)=x+ax+35

in whole or-in part;




