4-8 Graph Quadratic Inequalities
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Graph Quadratic Inequalities You can graph quadratic inequalities in ‘ﬂ/ .
two variables by using the same techniques used to graph linear inequalities Q o
’
in two variables. 00
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A Ay A b, ) f¥ ] y
\Eaae T N
Olx - o| x LY o
11/ N/ 1] NN
/s \ \ [ ) = 'S/
,/ £ \ ] ’Y\r‘ .'
Should the parabola L alx)2 + b(x.) + ¢ : :
[ be solid or dashed?J Y1 ( 1) ( 1) [ (49, ) s & solution. ] w‘\
: . : w IS
[ Is (x;, y,) a solution? J [ (X4, y4) is not a solution. J US’
Q_? 'Lr'\
£~ D
e ¥
v
+



Example 1

Graphy > x?2+2x + 1.

EZ Xl Graph the related function, y = x2 + 2x + 1.
The parabola should be dashed.

ETE] Test a point not on the graph of the parabola.
y>x2+2x+1

A by 4
v ]

1 AN
—1302+20) +1 = ';L|J=x2+2x+1|
—1#1 So, (0, —1) is not a ) o x|
solution of the inequality. ! )

m Shade the region that does not contain the point (0, —1).

Example 1 Graph each inequality. 1-3. See margin.

l.ysx2—8x+2 2 y>x2+6x—2 3y=z-—x+4x+1

Additional Answers
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Solve x24+2x—8<0 by graphing.

The solution consists of x-values for which the graph of the related function lies below
the x-axis. Begin by finding the roots of the related function.

x24+2x—8=0 Related equation
x—2)(x+4)=0 Factor.
x—2=0 or x+4=0 Zero Product Property
x=2 x=-—4 Solve each equation.
Sketch the graph of a parabola that has x-intercepts at . y N
—4 and 2. The graph should open up because a > 0. o x
The graph lies below the x-axis between x = —4 \ l’
and x = 2. Thus, the solution setis {x | —4 < x < 2}
or (—4, 2).
—— . ik /
CHECK Test one value of x less than —4, one y=x"+2x—-81y
between —4 and 2, and one greater than |
2 in the original inequality.
Test x = —6. Test x = 0. Test x = 5.
xX2+2x—8<0 2 +2x—8<0 X>+2x—8<0
(—6)% +2(—6) —8 <0 02+2(0)—8%0 52+2(5)—8<0

16 <0X —8<0 v 27<0X



Solve 2x? + 4x — 5 = 0 by graphing.

The solution consists of x-values for which the graph of the related function lies on anc
above the x-axis. Begin by finding the roots of the related function.

2x2 +4x —5=0 Related equation
- 2 _
x= i 21; - Use the Quadratic Formula
— 2 _ 2
X = s \/4 A Replace a with 4, b with 2, and ¢ with —5.
2(2)
x = _4+ i or x= _4+ o0 Simplify and write as two equations.
=~ (.87 ~ —2.87 Simplify.
Sketch the graph of a parabola with x-intercepts at y
—2.87 and 0.87. The graph opens up since a > 0. The
graph lies on and above the x-axis at about x < —2.87 et

10
x

and x = 0.87. Therefore, the solution is approximately
{x| x < —2.87 or x = 0.87} or (—oc, —2.87] U [0.87, c<).

Ly=2x2+4x—5
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Examples 2-3 @5 SENSE-MAKING Solve each inequality by graphing.

4. 0<x>—5x+4 {x|x<1orx>4} 5. x2+8x+15<0 {x]| -5<x< -3}
6. 2x2—2x+1220 {x| -3=<x=<2} 70222 —4x+1°{x| 0.29 < x< 1.71}
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Examples 2-3 @ SENSE-MAKING Solve each inequality by graphing.

4. 0<x>—5x+4 {x|x<1orx>4} 5. x2+8x+15<0 {x]| -5<x< -3}

6. 2x?—2x+1220 {x| -3=<x<2} 7.022x* —4x+1 {x|0.29 < x< 1.71}
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“Real-World Example 4

WATER BALLOONS Refer to the beginning of the lesson. At what time will a water
balloon be within 3 meters of the ground after it has been launched?

The function h(t) = —4.9t> + 32t + 1.2 describes the height of the water balloon.
Therefore, you want to find the values of t for which h(t) < 3.

h(t) <3 Original inequality
—4912+32t+1.2<3 W)= —4.9£ + 32t + 1.2
—49t2+32t—18<0 Subtract 3 from each side.

Graph the related function y = —4.9x* + 32x — 1.8
using a graphing calculator. The zeros of the function
are about 0.06 and 6.47, and the graph lies below the
x-axis when x < 0.06 and x > 6.47.

So, the water balloon is within 3 meters of the ground
during the first 0.06 second after being launched and
again after about 6.47 seconds until it hits the ground.

[=1,9] scl: 1 by [=5, 55] scl: 5



Example 4 8. SOCCER A midfielder kicks a ball toward the goal during a match. The height of the ball
in feet above the ground h(f) at time f can be represented by h(t) = —0.1t> + 2.4t + 1.5. If
the height of the goal is 8 feet, at what time during the kick will the ball be able to enter
thegoal? {f|0< 1< 3.11}or {1|20.89 < I < 24.61}

2 15 |
—1x“+24x+1.50

(20.888, 8)




Example 5 —

Solve x? — 3x < 18 algebraically.
ET R Solve the related quadratic equation x2 —3x =18.

x2—-3x=18 Related quadratic equation
x2—3x—18=0 Subtract 18 from each side.
x+3)(x—6)=0 Factor.
x4+3=0 or x—6=0 Zero Product Property
x=-3 x=6 Solve each equation.

ETH Plot —3 and 6 on a number line. Use dots since these values are solutions of the
original inequality. Notice that the number line is divided into three intervals.
- Xs-3 | —3 =x56 | x=26
. —+—t e '1“ .
6

[ R R N | R
T 1 1 | I —
—f=f=d=3=2=1 0 1 2 5 7 89

w 4
g

ETE] Test a value from each interval to see if it satisfies the original inequality.

x=—>o -3=x=<6 x=6
Test x = —5. Test x = 0. Test x = 8.
¥2—-3x<18 ¥2 —3x <18 ¥ —3x<18
(—5)2—3(—5) £ 18 (0> —3(0) £ 18 (8)* —3(8) £ 18
40 £ 18 0<18 40 £ 18
The solution set is {x | —=3 < x < 6} or [-3, 6].
—— e ———
—6—5—4-3—2—1 0 1 2 3 4 5 6 7 8 9



Example 5 Solve each inequality algebraically.

9. x2+6x—16<0 {x| -8 < x< 2}

10. x2—14x> —49 {x|x<Torx>T}

@ 2 +120228 {x|3.17<x<8.83} 12 x’—4xr<21 {x|-3=<x=<7}

~ractice and Problem Solving

Example 1 Graph each inequality. 13—18. See margin.

13. y=x>+5x+6
23. {x| x< >

16. —x> + 12x — 36 >
—1.420r x> ! Y

8.42)

Examples 2-3 Solve each inequality by graphing.

24. {all real

numbers}
26. {x| —2.3022. x>+ 6x +3 >0

<x<130} 25 4x2+12x+10<0 @

27. {x| x< 2 )
—0.73 or 28. 3x*+12x+36<0 @

x>2.73)

19. x2—-9x+9<0

14, x2-2x—8<y
17. y > 2x?—2x -3

Extra Practice is on page R4.

15. y< —x?>—-7x+8
18. y> —4x> + 12x - 7

19. (x|1.1<x<7.9} 20.{x|—-4<x=<6)}

20. x2—-2x—-24<0
23. 0> —x2+7r+12
26. —3x°—3x4+9>0

29. 0< —4x2+8x+5
(x| -0.5 < x<2.5)

21. {all real numbers} 22. {x| x< —5.45 or x> —0.55)
21.

24,
217.
30.

2 4+8x+16=0
—x24+2x—15<0
0> —-2x2+4x+ 4

—2x>+3x+3=<0
(x| x<—0.690rx=2.19}



Additional Answers
13.

14.
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24. {allreal 49 ,>_o,,9<0 20. x2—2x —24 <0 2. X2 +8x+16=0
numbers} N
26. {x| —2.3022. x* + 6x +3 >0 23 0> —x?+7xr+12 24, —x?+2x—15<0
<x<130} 25 4x>+12¢x+10<0 @ 26 —3x*—3x+9>0 27. 0> —2x% + 4x + 4
27. {x| x< 3 = =
—ﬂ;[f3ltll‘ 28. 3x*+12x+36 <0 @ 29. 0= —4x~+8x+5 30. 2x“+3x+3=<0
: {x] -0.5 < x< 2.5} x| x<—0.690rx=2.19}
x>2.73}
Example 4 . ARCHITECTURE An arched entry of a room is shaped like a parabola that can be
represented by the equation f(x) = —x? + 6x + 1. How far from the sides of the
arch is its height at least 7 feet? about 1.26 ftto 4.73 ft
32, MANUFACTURING A box is formed by cutting 4-inch
squares from each corner of a square piece of cardboard 4 | | :
and then folding the sides. If V(x) = 4x* — 64x + 256 represents : :
the volume of the box, what should the dimensions of the | s I
original piece of cardboard be if the volume of the box : :
cannot exceed 750 cubic inches? greater than 8 in. but no ! :
more than 21.69 in. s ‘ 4 Losson 4-8
Example 5 Solve each inequality algebraically. 33-44. See Chapter 4 Answer Appendix. 33. (x14 < x< 5)
33. x> —9x < —20 34. ¥>+7x=-10 3. 2>x2—x 34, {x| . 2
XX —00rX= —
36. —3<—x?—4x 37. —x*+2x=<-10 38. —6>x?+4x
39, 242 +42>9 40. 3x% + x = -3 4. —4x2 +2x <3 3. xI-1<x<2
42. —11 > —2x% — 5x 43. —12 < —5x2 —10x 44, —3x> —10x > —1 36. {x| —4.65 < x < 0.65}

37. (x| x< —2.32 or x = 4.32}
38. @

39. {x| x< —1.58 or x = 1.58}
40. {all real numbers}

41, {all real numbers}

42. (x| x< -39 0rx=1.41}
43. {x| —2.84 < x < 0.84}

44, {x| —3.43 < x < 0.10}



