3.3 Rational Inequalities Math 161 THOMPSON

1) The graph of a rational function y = f(x) is given. Use the graph to give the
solution set of the following.

(a) 1(x)
(B) fix)

0
0
(e) 1x)=0

ool

Do not use a calculator.

(a) What is the solution set of f(x@O‘?

Crosses the x-axis

X The solution set is { —2}_

;-‘!':I

1,}:

(Type an integer or 3 decimal. Use a comma to separate answers as needed.)

(b) What is the solution set of f{x@ﬂ? Below the x-axis

* The solution setis (- 2.0) . (Type your answer in interval notation.)

(¢) What is the solution set of fix(3)0? Above the x-axis

*

The solution set is (- oo, — 2)U(0,00) . (Type your answer in interval notation )

2) The graph of a rational function y = f(x) is given. Use the graph to give the
solution set of the following.

(a)fix)=0
(b) f(x)=0
(e)Tx)=0

Do not use a calculator.

(a) What is the solution set of f{x)(=D?

Crosses the x-axis
{0} (Type an integer or a decimal.)

(b) What is the solution setof fix<p?  Below the x-axis +

o [—1::}}u(u:1}

(c) What is the solution set of f(x@O‘? Above the x-axis

*

Ko (~o0,=1)U(1.00)

Ay

Intervals (-o0,-2) (-2,0) (0, o)

-

aaaaa

aaaaa

Intervals (-0,-1) (-1,0) (0,1) (1, )



) ) x=1 The solution set for R(x@ is
3) Solve the inequality R(x) < 0, where R(x) = Xx=4)" (= 00.0)U( 4)
by using the graph of the function. (Type your answer ininterval notation )
@,
Q Below the x-axis
g
M
('wro) (011)(114) (4I (XD)
O + 0O +
_ _ 2x-2 The solution set for R{x@ is [1.3)
4) Solve the inequality R(x) =0, where R(x) = . by . _
3x-9 (Type your answer in inferval notation.)
using the graph of the function.
AY
5 | Below and ON the x-axis
1 I
4 I
. | Includes 1 but not 3
2- l
e
-2 i :
- :
4 ¥
¥ KI=3 N
Intervals '

(-wlo) [113) (31 w)

+ @ +



FRACTIONAL INEQUALITIES = means ®

MAKE A NUMBER LINE > means O

all values on bottom are O

6
5) Solve the inequalityjcc—-l_-9 <0

*we check all the critical points on a number line x=-6,9

O O -
\—/ >
-6 9
Intervals (-o0,-6) (-6,9) (9, )
check #s -7 (left of 6) 0 (between -6 & 9) 10 (right of 9)
~7+6 _ N 0+6 _ 1046 _
-7-9 V 10-9
Negative (-6,9)

6) Solve the rational inequality and graph the solution set on a real number line. Express the solution set in
interval notation.

X+d
x+2 0 *we check all the critical points on a number line x=-3, -2
<is closed circle at -3
@ O —
-3 -2 BOTTOM # is always open circle
Intervals  (-o0,-3) (-3,-2) (-2, o0)
check #s -4 (left of 6) -2.5 (between-3& -2) 0 (right of -2)
—4+3 _ + —2.5+43 e 0+6 _
—442 —2.542 0+2
Negative
['31'2)
- | : b
-6 -4 -2 0 2 4 i]




(x=2)(x+2)

7) Solve the inequality <0 closed circles from <

*we check all the critical points on a number line x=-2,0, 2

BOTTOM # is always open circle
N O o >

-2 0 2
Intervals (-o0,-2) (-2,0) (0,2) (2, )
check #s -3 -1 1 3
(-3-2)(-3+2) (-1-2)(-1+2) _ 4 (1-2)(1+2) :G B-2(3+2) =4
Interval (-o0,-2) (-2.0) (0.2) (2,00) Intervals are always
Sign Negative Positive Negative Positive () in this box
Negative

(- »,-2] U(0,2]

2

. L (
>
8) Solve the inequality g = 0

*we check all the critical points on a numberline x=-3,3,5

—~ BOTTOM #s are always open circle
O O @ —

A

-3 3 5
Intervals  (-00,-2) (-3,3) (3,5 (5 )
check #s -4 0 4 6
(-4-5)2 0-5)2 4-5)? (6-5)*
429 =@ (Oz_z) == % =® 62_9 =®
Positive

(-wl-3)u(3l OO)




2 _
X" O+0)x-9) = 0 closed circles from >
(x+2)(x-5)

*we check all the critical points on a number linex=-9,-2,0,5, 9

9) Solve the inequality

BOTTOM #s are always open circle
~—@ O @ S ® g
-9 2 0 5 9

Intervals (-o,-9) (-9,-2) (-2,0) (0,5) (5,9) (9, )
check #s -10 -3 -1 2 6 10
® - ® O - ®

> Positive interval where -9,0,9 are closed, -2,5 are open

(-00,-9]U(-2,5) U[9,:)

WORK FOR CHECKING #S

10%(9-10)(-10-9) 32(9-3)(-3-9) __ 102(9-1)(-1-9)
10 (-10+2)(10-5) T 3 (—10+2)(10-5) 1 (—10+2)(10-5)
22(9+2)(2-9) + 62(9+6)(6-9)  __ 1 102%(9+10)(10-9)
(2+2)(2-5) (6+2)(6-5) (10+2)(10-5)
. . x—10
10) Solve the inequality e

square root means x >0 but bottom cannot = 0 so bottom x > 0
*we check all the critical points on a number line x=-—6,10

Open at -6 because bottom of fraction

O
-6 10
Intervals (-00,-6) (-6,10) (10, o0)
check #s -7

0 11
’—7—10 + ’0—10 undefined ’11—10 +
—-7+6 0+6 11+6

> Positive intervals where 10 is closed and -6 is open

(-00,-6)U[10, )




: . -8
Another 10) Solve the inequality %
square root is x > 0 — bottom cannot = 0; Open at -4 because bottom of fraction

*we check all the critical points on a number line x=-—4,8

. O o
-4 0 8
check #s -5 0 9
+ - +

2 Positive intervals where 8 is closed and -4 is open
(_wl-4)U[81 OO)

EXTRA EXAMPLES

A) Graph the following polynomial function by hand. Then solve the eguatinn and inennalitiaz
¥

P(x)= x> - 2%° — 11x + 12
=(x-4)(x-1)(x+3) crosses at -3,1,4

(a) Pix)=0 () Px)=0 [e)P(x)=10

on X axis sies:
(a) The solution set for P(x)=0is { - 3,1,4}.

{Use a comma to separate answers as necded.)

(b) The solution set for Px(<D is (=0, =3)U(1.4). Graph below the x-axis
(Type your answer in interval notation.)

(€) The solution set for P(x)(> D is (- 3,1)U(4,00) . Graph above the x-axis
(Type your answer in interval notation.)



B) Graph the following polynomial function by hand. Then solve the equation and inequalities.
Pix) = x* + 43 — 31 - 18x
=x(x-2)x+3)>  crosses at 0,2 touches at -3
(@) Pp)=0 (b)P(x)=0 (c) P(x)<0

on X axis
(a) The solution set for P(x)=0 is { —3,[},2}_

(Use a comma to separate answers as needed.)

(Type your answer in interval notation.)

(€) The solution set for PG <0 is {-3jU[0.2] - Graph on or below the x-axis
(Type your answer in interval notation.)

C) Solve the inequality. Express your answer using set notation or interval notation. Graph the solution set.

17 -3xz -1

Choose the correct answer below that is the solution set to the inequality.

{XJx =6} or (- c0.6] . . S
x £ 6 *change direction dividing by -3
[x|x< -6} or (-6,00)

¥x= -18tor({—158,00)

9 -6 -3 0 3
{x|x = 6} or [~ 00,6)
D) Use the graph of the function f to solve the inequality. o
(a) f(x) >0 (-2,-1)u(0,0) ..;_,_.,,=.,.5.4:,
(b) fx)=0 (-00,-2]U[-1,0] % s R 1

a) *since it is >, it does not include the point on the x-axis and parenthesis
b) *since it is < it does include the point on the x-axis and brackets




E) Usethe graph of the function f to solve the inequality.

(a)fx)<0 (-3,0)0(1, o)
B 1x)20" (-o0,-3]U[1,1]

a) since it is <,
-4
below (not on) the x-axis paranthesis ¥

b) *since it is 2,

-

on and above the x-axis and brackets

F ) Solve the inequality f{x) = 0, where f{x) = - )(2 {x+4), by using the graph of the function.

P CY
2-
T ) x Q
IR T/ NP IR S
_4_ (_4IO)U(OIOO)
5 since it is <, below the x-axis
8]
10
_12.
L J

sl Q

4

30 Q

20 E'J-

1

b
i L
-5 -8B -4 21‘_ 2 4 il ]

A (-00141
20F

since it is <, below and on the x-axis



H) Solve the inequality fix) =0, where f{x)=30x+ 1)(x - 3}3, by using the graph of the function.

A Q
R0
iIZI—: Q
rm—_ & (-00,-1]U[3, )
:U__ «
{l ! LI |'|'|}
3 & -4 4 6 8

I) Solve the inequality algebraically.

2
x-9x+5)<0  |ntercepts are -5 and 9

Pl ) ) »
List the intervals and sign in each interval. Complete the following table. - -
I Type your answers in interval notation. Use ascending order.} -5 9
Interval {-o0,-5) (—-5.9) (9,00)
Sign MNegative Paositive Positive

*easiest to make a graph of x3 that touches at 9 crosses at -5
Use this graph to fill in the positive or negative in the chart

below the x-axis since it is <0

s l 5 (-00,-5)

J) Solve the inequality x3-6x2 >0 factor first
x%(x-6) >0 x-intercepts are 0 and 6

*easiest to make a graph of x3 that touches at 0 and crosses at 6

above the x-axis since it is > 0

6} (6,0)




k) Solve the inequality 3x3> -24x?>  3x3+24x%>>0 factor first
3x?(x+8) >0  x-intercepts are 0 and -8

*easiest to make a graph of x3 that touches at 0 and crosses at -8

Interval | (- co,-8) (-8.0) (0,00)

Sign Megative Positive Positive

above the x-axis since it is >0
open circle at 0

(-8,0) U (0,0)

L) Solve the inequality (x-3)(x-1)(x+2)> 0 x-intercepts are -2, 1 and 3

*easiest to make a graph of x3 that crosses at -2, 1, 3

m j above and on the x-axis since it is > 0

-2{ ‘ 1/ 3 [-2, 1]U[3, o)

M) Solve the inequality x*>16x2 solve first then factor
x*-16x2>0
x%(x?-16)>0
x%(x+4)(x-4)>0 x-intercepts are -4, 0 and 4

*easiest to look at the graph of x* and touches at 0 crosses at -4 and 4

|

above the x-axis since it is > 0

(-00,-4) (4, )




N) Solve the inequality x*>16 solve first then factor
x*-16> 0
(x2-4)(x2¢4)>0
(x—2)(x+2)(&/4)>0 x-intercepts are -2, 2
*easies toIIoc% at the graph of x* and crosses at -2 and 2

> above the x-axis since it is >0
(_OOI_Z)U(ZI OO)

O) Solve the inequality Vx* — 1 square root means x >0
(x2-1)(x?+1)
(x-1) (1) (31)

*easiest to look at the graph of x* and crosses at -1,1

above and on the x-axis since it is =0

-1 1 (—OO,—].]U[]., OO)
p) Solve the guadratic ineguality. Give the solution set in interval notation.
(x+8)°=0
Select the correct choi lowe and, iIf necessary, fill in the answer box to complete your choice.

The solution set is the single point { -8 }
(Type an integer or a simplified fraction.}



Q) Solve the inequality (x-3)(x-1)(x+2)> 0

*easiest to look at the graph of x® and crosses at-2, 1, 3

m j above the x-axis since it is > 0

-2{ ‘ WE (-2, 1)U(3, )

R) Solve the inequality x3-100x < 0
X(x?>-100) <0
<

X(x-10)(x+10) <0

*easiest to look at the graph of x> and crosses at -10, 0, 10

/ below and include the x-axis since it is <0

fi0 " o\ o (-00,-10]U[0,10]

S) Solve the inequality 9x — 9 > —4x?
4x% + 9x — 9 > 0 use slide and divide
x*+9x — 36
(x +12)(x —3) divide by 4x= =3,

. : : 3
*we check all the critical points on a number line x =3, -

Open at zero because bottom of fraction

< (] @
-3 0 1
check #s -4 0 1
+ - + all positive intervals

(00,31 3, o0)



T) Solve the inequality Vx* — 16 square root means x >0
(x2-4)(x?+4)
(x-2)(x+2)(x%+1)

*easiest to look at the graph of x* and crosses at -2,2

We are looking for above and include the x-axis since it is =0

-2 2 (-wl-z]U[I CXD)
. . : YA
U) Use the graph of the function f to solve the inequalit A E"l
(a) f(x) =<0 (-3,0)U(1, ) S
(b) f(x)=0 (-00,-3)U[0,1) i ;
o | . Ji 7
a) *since it is <, below the x-axis and parenthesis | 1/! o
LA S —"._I"_i_-—-— . -.i'l_g?
b) *since it is 2, on and above the x-axis and brackets® -4 ! N : + 6
| -
| [
-5
K= -3 wi=1

—4)(x+4
V) Solve the inequalityw =0

*we check all the critical points on a number line x=-4,0, 4

Open at zero because bottom of fraction

. eO0O e !

R
- + - + all positive intervals
[_4IO)U[4I OO)



W) Solve the inequality (x+9)%(x+4)< 0 x-intercepts are -9 and -4
*easiest to make a graph of x3 that touches at -9 crosses at -4

below the x-axis since it is < 0

9 (\7 (-00,-9)(-9,-4)




