EXAMPLES If
mate | (x +y) — 111

APPENDIX A Numbers, Inequalities, and Absolute Values A9

X~ 4] << 0.1 and |y — 7| < 0.2, use the Triangle Inequality to esti-

SOLUTION In order to use the given information, we use the Triangle Inequality with
a=x —dandb=y— T

Thus

A EXERCISES

1-12 Rewrite the expression without using the absolute-value
symhol.

. |5 — 23] 2. 15| — | ~23]
.3.3—’17‘] 4 |72
ERNGEE] 6. ||-2] - 1-3]]
7ol —2] fx<2 8 |x—2] fx>2
9, |x+ 1| 0. |2x — 1]
11 |x® + 1] 12 11 — 25|

13-38 Solve the inequality in terms of intervals and illustrate the
solution set on the real number line.

3.2+ 7> 3 14, 3x— 11 <4

15, 1 ~x=<2 16. 4 —3x =06

17. 2x + 1 < 5¢ -~ & 18, 1 +5x >3~ 3x

19. =1 <2x—5<7 20 1< +4<16
2.0=s1—-x<1 22, —5=3—-2x=<9

23 4y < e+ 1 =3x+2 2, 2~ 3<xHA<3x 2
25 (= Dx—2) >0 2. 2x+3)x—1D=0
Wt xsl 28, 1% < 2x + 8

29, 2%+ x+1>0 30. 2%+ x> 1

':31.x2<3 32, x’=5

. -0
M G D —-Dx+N=0

35, >y 36. 17+ 3x < 4z’

1
o< 4 38 3<—=<1
X X

739, The relationship between the Celsius and Fahrenheit tempera-
ture scales is given by C = %(F — 32), where € is the temper-

fx+y) — 11 ={x—-4) + (-7}

x4+ |y~ 7]
<01+02=03

[x+y)— 11} <03 |

ature in degrees Celsius and F is the temperature in degrees
Fahrenheit. What interval on the Celsius scale corresponds to
the temperature range 50 < F =< 957

40, Use the relationship between C and F given in Exercise 39 to
find the interval on the Fahrenheit scale corresponding to the
temperature range 20 = C = 30,

41, As dry air moves upward, it expands and in so doing cools at
arate of about 1°C for each 100-m rise, up to about 12 km.
(a) 1f the ground temperature is 20°C, write a formula for the
temperature at height 4.
(b) What range of temperature canr be expected if a plane takes
off and reaches a maximum height of 5 km?

42, 1f aball is thrown upward from the top of a building 128 ft
high with an initial velocity of 16 ft/s, then the height 4 above
the ground ¢ seconds later will be

k= 128 + 16 — 1642

Daring what time interval will the ball be at least 32 It above
the ground?

43-46 Solve the equation for x.

43, |2x| =3 44, |3x + 5] =1

45, |x + 3] =|2x + 1] a6, |22 =g
Ll = | 22 3

47-56 Solve the inequality.

47. x| <3 48. |x| =3

49, |x — 4| <1 50. |x — 6] < 0.1

5. |[x+5]|=2 52. jx+ 1] =3
53, |2x — 3| = 04 54, {5x — 2] <6

55. 1 < |x| =<4 56, 0 < |x— 5] <3




line
ear
line

which is in slope-intercept form with m = H%. Parallel lines have the same slope, so the
required line has slope —% and its equation in point-slope form is

We can write this equation as 2x + 3y = 16. &

EXAMPLE 8 Show that the lines 2x + 3y =1 and 6x — 4y - 1 = 0 are perpendicular.
SOLUTION The equations can be written as

APPENDIXB  Coordinate Geometry and Lines A15

y=2= -39

yz—%x—!—% and y:%x—ﬁ
from which we see that the slopes are
= ——%— and my == %
Since mym; = —1, the lines are perpendicular. =
B8 EXERCISES
1-6 Find the distance between the points. 19, xy =0 20, |y =1

1.(3,1), 43
3' (6) _2)5 (—1, 3)
5 (2,5), @& -7

2. (1,-3), (5,7}
4' (1, —6)) (_-15 _3)
6. (a,b), (b,a)

7-10 Find the slope of the line through P and Q.
7. P(L,5), Q4,11 8. P(~1,6), Q{4,-3)
9. P(~3,3), O(-1, -6} 10. P(-1,=4), Q(6,0)

11. Show that the triangle with vertices A(0, 2), B(—3, —1}, and
C(~4, 3) is isosceles.

12. (a) Show that the triangle with vertices A{6, —7), B(i1, —3),
and C{2, ~2) is a right triangle using the converse of the
Pythagorean Theorem.

{b) Use slopes to show that ABC is a right triangie.
{c) Find the area of the triangle.

13. Show that the points {—2, 9}, {4, 6), {1, D), and (—3, 3) are
the vertices of a square,
14. (a) Show that the points A{—1, 3), B(3, 11), and (5, 15)
are collinear (lie on the same line) by showing that
[AB| + |BC| = |AC].
(b) Use slopes to show that A, B, and C are collinear.
15. Show that A(1, 1), B(7, 4), (5, 10), and D(— I, 7) are
vertices of a parallelogram.
16, Show that A{1, 1), B(11, 3), C(10, 8), and D(0, 6) are vertices
of a rectangle.

17-20 Sketch the graph of the equation.
18, y= -2

17. x =3

21-36 Find an equation of the line that satisfies the given
conditions.

21,
22,
23.
24
25,
26.
27
28,
29,

30.
31
32
33.
34
35

H

36

-

Through (2, —3}, slope 6

Through (—1,4), slope —3

Through (1, 7), stope?

Through (-3, ~5), slope m%

Through (2, 1) and (1, 6}

Through (—1, —2) and (4, 3)

Slope 3, y-intercept —2

Slope £, y-intercept 4

x-intercept 1, y-intercept —3

x-intercept —8,  y-intercept 6

Through (4, 5), paraliel to the x-axis

Through {4, 5), parallel to the y-axis

Through (1, —6), parallel to the line x + 2y =6
y-iniercept 6, parallel to the line 2x + 3y + 4 = 0

Through (—1, —2), perpendicular to the line
2%+ 5y +8=0

Through (%, *%), perpendicular to the line 4x — 8y = 1

37-42 Find the slopé and y-intercept of the line and draw
its graph.

37.

x+3y=20 38, 2x -5y =0




Ale APPENDIX B Coordinate Geometry and Lines
39. y= -2 40. 2x ~ 3y +6=10 57. Show that the lines 2x — y = 4 and 6x — 2y = 10 are poy
4. 3x — dy = 12 42, dx + S5y =10 parallel and find their point of intersection,

58. Show that the lines 3x — 5y 4+ 19 = 0 and
43-52 Sketch the region in the xy-plane. 10x + 6y — 50 = 0 are perpendicular and find their poin: of
8. {(x,y) | x <0} a4 {(x,y) | y> 0} intersection.
45, {(x,y) | xy < 0} 46, {(x,y) | x = landy <3} 59, Find an equation of the perpendicular bisector of the lige 4o

. . iy
ment joining the points A(1, 4) and B(7, —2).
7. {5y |2 =2} Jomme BeR =2

48. {(x, y) | |x| <3and |yl <2} 60. (a) Find equations for the sides of the trtangle with verticeg

P(1,0}, 0(3,4), and R(—1, 6).
49, {(x, 5} | 0<y<dandr <2 {b) Find equations for the medians of this eriangle. Where dg

50, {(x,y} | y > 2x =~ 1} they intersect?
51 {a, | 1 +xsy< 1 — 21 61. (a) Show that if the x- and y-intercepts of & line are nonzerg
' _ 1 numbers a and b, then the equation: of the fine can be put iy
52 {{x 9} | —x <y <30 + 3} e form
X, )
53. Find a point on the y-axis that is equidistant from (5, —5) > + b l

and (1, 1).

This equation is called the two-intercept form of an equi-
tion of a line. '

) (b} Use part (a) to find an equaiion of the line whose

54, Show that the midpoint of the line segment from P,(x), y1) to
Palxa, )’2) is

xitx nt+m x-intercept is & and whose y-intercept is —8,
2 72
62

A car leaves Detroit at 2:00 pm, traveling at a constant speed

55. Find the midpoint of the line segment joining the given points. west along 1-6. It passes Ann Arbor, 40 mi from Detroit, a

(@) (1,3)and (7, 15) (by (—1,6) and (8, —12) 2:50 Py

56. Find the lengths of the medians of the triangle with vertices (a) Express the distance traveled in terms of the time elapsed.
A(1, 0), B{(3, 6), and C(8, 2). (A median is a line segment from (b} Draw the graph of the equation in part (a).
a vertex to the midpeint of the opposite side.) (c) What'is the slope of this line? What does it represent?

€ Graphs of Second-Degree Equations

In Appendix B we saw that a first-degree, or lineaz, equation Ax + By + C = 0 repre-
sents a kine. In this section we discuss second-degree equations such as
2 2
X+ yt=1 y =2+ 1 A 2 -yr=1
9 4
which represent a circle, a parabola, an ellipse, and a hyperbola, respectively.

The graph of such an equation in x and y is the set of all points (x, y) that satisfy the
equation; it gives a visual representation of the equation. Conversely, given a curve in the
xy-plane, we may have to find an equation that represents it, that is, an equation satisfied
by the coordinates of the points on the curve and by no other point. This is the other hall
of the basic principle of analytic geometry as formulated by Descartes and Fermat, The
idea is that if a geometric curve can be represented by an algebraic equation, then the
rules of algebra can be used to analyze the geometric problem.

B Circles

As an example of this type of problem, let’s find an equaiion of the circle with radius ”
and center (, k). By definition, the circle is the set of all points P(x, y) whose distance




