Inequalities

5 The solution of an inequality is the set of all real numbers x that make the inequality true.

To solve a quadratic inequality:

« Rearrange so that the right-hand side of the inequality is 0

« Solve the corresponding quadratic equation to find the critical values
- Sketch the graph of the quadratic function

« Use your sketch to find the required set of values.

The values of x for which the curve y = f(x) is below the curve y = g(x) satisfy the inequality
f(x) < g(x).
The values of x for which the curve y = f(x) is above the curve y = g(x) satisfy the inequality
f(x) > g(x).

y < f(x) represents the points on the coordinate grid below the curve y = f(x).
» > f(x) represents the points on the coordinate grid above the curve y = f(x).

If y > f(x) or y < f(x) then the curve y = f(x) is not included in the region and is represented by
a dotted line.

If y = f(x) or y = f(x) then the curve y = f(x) is included in the region and is represented by a
solid line.
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Questions

Ciive your answers in set notation.
a Solve the mequahty 3x -8 > x + 13,
b Solve the inequality x* — 5x — 14 = 0.

Find the set of values of x for which (x = [Hx = 4) < 2(x - 4).

a Ulse algebra to solve (x = 1}x + 2)=18.

b Hence, or otherwise, find the set of values of » for which {(x = 1){x + 2) = 18,
Ciive your answer in set notation.

Find the set of values of x for which:
a Gr—T<2r+3
b 2 - llx+5<0

20

C 5-::T

d hothr=7<2x+3and 227 =11y + 5 <,

Find the set of values of x that satisfy H? +1l= if x=0
x- ’

Find the values of & for which kx® + v + 5 =0 has real roots,

The equation 237 + 4kx — 5k = 0, where & 15 a constant, has no real roots.
Prowve that & satisiies the inequalily —% < ke

a Sketch the graphs of y =f{x) = x? + 2x - 15 and g(x) = 6 - 2x on the same axes.

b Find the coordinates of any points of imlerseclion,

¢ Wnte down the set of values of x lor which [x) > g(x).

Find the set of values of x for which the curve with equation y = 2x* + 3x — 15 is

below the line with equation y = 8 + 2x.

On a coordinate grid, shade the region that satisfies the inequalities:
rrx24+4x—12and y <4 - x%

a On g coordinale erid, shade the remon that satisiies the inegualities

y+x<by<2x+9, y>3andx = 0.
b Work out the area of the shaded region.
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9 a 3x—x>13+8 11a x*+x-2=18
2x>21 X +x—20=0
x>103 (x+5Hx—4)=0
In set notation. the solution 1s x=—Sarx=4
frox=4}
b (x—-1)x+2)=18
b ¥ —5x—14=0 =x +x-20>0
(x+2}x-T7)=0

yx=—2o0rx=T v

y=x4+x-20
Ta r=x-3x-14

¥ =5r—14>0 when x <2 P +x—20>0whenx<—5orx>4

In set notation, the solution 15
{x:x<-Shufx-x>4}

orx>7
In set notation, the solution 1s
frix<-23fx:x>T}

12a 6x—2x<3+7

10 Multiplying out the brackets: 4x <10
¥ _Sx+d<Ir—8 x<i
¥ —5x—2x+4+8<0
¥ =Tx+12<0 b (2x-1)(x-5=0
: x=lorx=5
x—Tx+12=0 5]
(x=3)(x—4)=0 .

P T [
y=3orx=4 == *

T

¥= ot =Tx+ 12

N_~"

2x*—11x+5<0 when 1< x<5

A

P —Tx+12<0when3<x<4
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13
12¢ 5= 20

x &

Multiply both sides by x°

Sx < 20x \ / .
S5x2—20x <0 aly
Solve the quadratic to find the critical
values:

Sxt —20x=0

Sx(xr—4)=0

x=0orx=4

P

The solutionis 1 =x =8

1
\ / 14 a=kb=8c=5
Using the discriminant 5 —4ac =0 :
0 ! 1 8 —4kx5=0
64-20k=0
64 = 20k
B>k
The solution 1s 0 <x =4 k<5
d 15 g=2b=4k c=-5k
Using the discriminant b* — 4ac < 0:
MV S I S I (#5)* = 42)(=5k) < 0
< o) x-2¢<3+7 165 +40k<0
O 2= llx4 520 Bh(2E+5)=0
o ) k=0ork=-3
Intersectionis +<x <3 y =237 4 dkx - 5k

13 i,.+l"_iE
X x
Multiply both sides by x* | = >
8+x" =9 '
X—-9%x+8=0
Solve the quadratic to find the critical
values:
¥-9x+8=0
(r—D(x—-8)=0 —2<k<0
x=lorx=8
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l6a y=x"+2x—15 18 y=x'+4x—-12

y=x+5)x-3) FH+4x—12=0

0=(x+5)x—3) (x+6)x—2)=0
x=—5o0rx=3 r=—Gorx=2
Whenx=0,y=-15 y=4-x

4-x*=0

A (2+x)(2-x)=0

—— x=—2orx=2
Fa )
i3 = +dxn—-12

15 -6 . g ¥
b xX+2x-15=6-2x .
K +4x-21=0 /
(x+7Nx-3)=0

x=—Torx=3

Whenx=—7,y=20
Whenx=3,y=0

The points of intersection are (—7. 20)
and (3. 0).

S50 1333

b Area=} x 3 x 3 =41units’

From the graph and the calculated
points of intersection, the required
values are

x=<—Torx>=3.

17 270 +3x—15=8+2x
P +x—23=0

xe 2SS (12 i)
—i—(—l—ﬁ){x-ﬂf}(—l+ﬁ]
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