Linear Inequalities

1) An inequality is different from an equation by the sign that lies in between the two sides. Instead of an “=" there will be:

< meaning “less than or equal to”
Yacent ¢ eyl Yo
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The biggest conceptual difference between an equation and an inequality is:

An equation will have a finite number of solutions
An inequality will have an infinite number of solutions

Solutions of an inequality:

YV VY

With an inequality, you are finding all values of x for which the inequality is true.

Such values are solutions and are said to satisfy the inequality.

The set of all real numbers that are solutions of an inequality is the solution set of the inequality.

The set of all points on the real number line that represent the solution set is the graph of the inequality.

Write an inequality to represent each interval and state whether the interval is bounded or unbounded.
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2) There are properties of inequalities we can use. In your groups you need to decide if when you start with a true inequality,

will adding, subtracting, multiplying and dividing both sides by the same number does the inequality stay true.

o 2
a) Start with a true inequality d‘ < =
b) Pick your favorite positive number J 0
c) Pick your favorite negative number - l

d) Take your inequality from part (a) and add the number from part (b) to both sides. Is your new
mnequality true? es

€) Take your inequality from part (2) and add the number from part (c) to both sides. Is your new inequality
true?
Ye 5

f) Take your inequality from part (a) and multiply the number from part (b) to both sides. Is your new
inequality true?
(s

g) Take your inequality from part (a) and multiply the number from part (c) to both sides. Is your new
inequality true? N :
0

h) Fill in the inequality with your numbers from part (b) and (c) -3 < ] O

1)  Add the left sides of the inequalities from part (a) and part (h), then add the right sides of the inequalities
from part (a) and part (h). What inequality is true? O <\ 2)

Yes



Ok, so now fill in the following properties given your results from the previous problems:
Let a, b, ¢, and d be real numbers l)
€ by

Addition of a Constant Property of Inequalities — If @ <b, then a+c¢
Addition of Inequalities Property - If @ <band ¢ <d, then a+c¢ < b -t'(j
Multiplication of a Constant Property of Ine?ualities

Ifa<band ¢>0,then a-¢ be

Ifa<band ¢<0,then a-c_2 bc

Ifa<band c=0,then a-c_ = b &

The last property we want to talk about is the Transitive Property.

**Reminder from Geometry** The Transitive Property of Equality states:
Ifa=band b=c,then a=c.

Use any examples you want and figure out and construct the Transitive Property of Inequalities.

T alb aud beC  Pwa  a<C
3) Using these properties, solve the following inequalities.
(By solve I mean find all of the values of x that would make the inequality true)

a) 5x-7>3x+9 by 1-—>x-4

AX 16 )
X >% il
[o > 56X
2 =X

c -3<6x-1<3
- B < 6xC Y
W& X<

4) Absolute Value Inequalities: Just like with absolute value equations, you are going to ultimately have to solve 2 inequalities.
The first equation you solved when it was an equation just took the inside of the absolute value expression and set it equal to
the other side. (You’re going to do the same thing with inequalities for this one). The second equation you made, took the
inside of the absolute value expression and set it equal to the opposite of the other side (or the other side multiplied by -1).
You're going to do a VERY similar thiné, but (hete’s the tricky part) when [ multiply an inequality by a -1 what do you HAVE

to do with the inequality sign? Iy {) tr

Try a few examples:

b) |x+ﬂ27
)(—1—'537 ?<*3 ot
Xz X & =10

%) h—ﬂ<2

~) € ey

Send up a representative for your group with this station completed. T will check your work and give you the next portion.



Applications of Linear Inequalities

Now you are going to apply these concepts to solving application problems. These application problems are VERY similar to
the application problems we have previously been working on.

Steps

1- Draw a Diagram if Applicable or Think about the situation

2- Set up an inequality

3- Solve the inequality

4- Check the solutions to see if they make sense

Try some ©
1) Your department sends its copying to the photocopy center of your company. The center bills your department $0.10 per

page. You have investigated the possibility of buying a departmental copier for $3000. With your own copier, the cost per
page would be $0.03. The expected life of the copier is 4 years. How many copies must you make in the 4-year period to
justify buying the copier?

C - Copes
0.1c > 3000+ 0,02¢

0.o1¢c 2 3000
- dnieinn

.07/ 007

cB)yags7

2) In order for an investment of $750 to grow to more than $825 in 2 years, what must the annual interest rate be?
[4=P(1+r1)]
325 £ 750(1+3°)
7oe " . JEe
]I < | +dr
0.1 < 3_(
3 2

0.05 C C



3) The average salary S (in thousands of dollars) for elementary and secondary teachers in the United States from 1987 to
1997 is approximated by the model S =30,944+1487¢, when —3<t< 7, where 7 = -3 represents 1987. According to this
odel, when will the average salary exceed $42,000?

20,144 +1,1874 > 12090 -
Jl@?é?l;o 5(, T

+ > 7/'%

4) The side of a square is measured as 10.4 inches with a possible error of %6 inch. Using these measurements, determine

e
—

the interval containing the possible areas of the square.
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5) You buy a bag of oranges for $0.95 per pound. The weight that is listed on the bag is 4.65 pounds. The scale that weighed
the bag is accurate to within 1 ounce. How much might you have been undercharged or overcharged?

8% L Yrb ¢ 475
X045 X045 X095

LI’;ZRS ' ’TL{ |15 £ 7;)/2\5‘
-4.9175 A As

=0.015 L 0 { @woois

-0.10 ¢ x5<“772> )

Send up a different representative for your group with this station completed. I m your work and give you the next
portion.




Polynomial Inequalities
Try this application problem now.... It’s a little different.

JP is standing on a bridge that’s 12 feet above the ground. He throws a ball up in the air with an initial velocity of 25 ft/s.

s=-16t" +v,t +s, A 2
( Diagram
a)  When will the ball be above the bridge? 5 > / % B

b) When will the ball be below the bridge?

Lt > 5 SZ40

¢) When will the ball be more than 20 feet in the air?

d) When will the ball be at most 15 feet above the ground? k) 2 M 1 o

O £ +< /51 o
a¢ b > l; 3
This was an example of a quadratic inequality. Polynomial inequalities are a little more difficult than linear inequalities were,
but if you follow these steps, you can solve any one thrown your way!

Solving Polynomial Inequalities
» To solve a polynomial inequality, you can use the fact that a polynomial can change signs only at its zeros (the x values
that make the polynomial equal to zero)
» Between two consecutive zeros, a polynomial must be entirely positive or negative.
» When the real zeros of a polynomial are put in order, they divide the real number line into intervals in which the
polynomial has no sign changes.
» These zeros are the critical number of the inequality, and the resulting intervals are the test intervals for the inequality

To determine the intervals on which the values of a polynomial are entirely negative or positive, use the following
steps:
e Find all real zeros of the polynomial, and arrange the zeros in increasing order (from smallest to largest). These zeros
are the critical numbers of the polynomial.
*  Use the critical numbers of the polynomial to determine its test intervals.
*  Choose one representative x value in each test interval and evaluate the polynomial at that value. If the value of the
polynomial is negative, the polynomial will have negative values for every value in the interval. If the value of the
polynomial is positive, the polynomial will have positive values for every x value in the interval.

1) Let’s fill in this example below to help solve x* —x—6 < 0
a) Change it to an equation ¥ —x-6=0

b) Solve the equation: ( K")))( —_
AT XY 2 0 =45 Y
x = : andx=__ ~

c) Plot your solutions on a number line:
s | ! / ]
% { V 1

—

~
5

d) Since our equation had 2 solutions, the number line has been divided into 3 test intervals. Pick values that lie in
each of the intervals: ?) O
1+t interval test number: _~ 2nd interval test number: 3d interval test number: l

€) Plug in each of the numbers from part (d) into the original inequality. Decide if that number makes the inequality
true or false. u \ Y

Isinterval: T /(F | 2rd interval: \ T/ F 3 interval: TYF )\

f) If the test number makes the inequality true, ALL of the/numbers on that interval will be make the inequality true.
Knowing this what are your solutions to the inequality? ‘ N
-, G wWEs




2) Try some using the same process we did in #1

a) x*+2x215 b) 2x’ —3x* —32x > —48
X+x=15>0 4 lax- 2) =l G -3) > ©
(X+5)(X\,g93 0 CX qb(t*‘i)(&x—}) >0

- |
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€) * 4+3x45<0 f) X —dx+4>0
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3) Use the same process to answer this question:

Find thiedormalis o ihe expression 64—
@‘i*‘(x‘?z O
&y
(4 =29(€tax) >0 ;L{"f XELf
X v o o

— [ "%

Send up a different representative for your group with this station completed. T will check your work and give you the next
portion.



Rational Inequalities

1) What if you are dealing with inequalities that are made up of rational expressions? It’s not terribly different than the
polynomial inequalities. Let’s look at one together.

d)

h)

l—x>0

I X,
- X80

Change it to an equation. x

Take the side of the equation with the rational expressions and combine them so there is only one rational
expression on that side of the equation.

| p N
w—
X o
X
Ok let’s think about division for a second. In order to get zero as the quotient, what must be true?

X = (-

A
Therefore the only thing we really care about is the N v Qv being equal to zero.
So what 1s the equation we actually want to solve now? Set it up and do 1t!

L“X}‘:(j

lotted on our number line. Think about this, looking at your inequality
closed? ;

m“m . 5
L4 oy Wy
- | 7 /

These are now the values that
symbol should these points be o en.

-

Here’s where rational inequalities get a little different. What do you think we also need to think about, since there
is an x in the denominator? Ombin Dewndmtva bpr = U

ﬂﬂﬁiur domain restrictions on your number line as additional critical values. Just a thought... should these be

[ open pr closed circles on the number line? Add this to the number line in part {(e).

Find the intervals that make the inequality true. Since the inequality has 0 on the one side, really you only care if it
is positive or negative not what the actual number is, which makes your life MUCH easier.

What are the solutions to this inequality? Keep in mind the domain of the original problem.

X<, 0L XL

**Note...you want always set the inequality equal to zero before doing anything else if it’s not zero to begin with.**



2) Try some on your own.

a) l—4<0

S5+7x
<
1+2x

£47x -4(142x)
L1y "1-8x

o) =Ty L

omwnﬁfﬂ—giveymmm&

Send up a different representative for your group with this station completed. T will check'y
pordon. ©



More Application Problems
Let’s just try some ©
1) A projectile is fired straight upward from ground level with an initial velocity of 128 feet per second.

a) At what instant will it be back at ground level?

S = — oL+ 1354 B0
—lbt (L -8) =0

/

b) When will the height be less than 128 feet? L < {47
| —’3"@ ‘ 16
'-u;t:'wa% <128 £76¢85
Slet? <@gt —12% (O
=l B R ) )
=16 (-1 (E~(83) <O
2) A rectangular parking lot with a perimeter of 440 feet is to have an area of at least 8000 square feet. Within what bounds
must the length of the rectangle lie? L/
9940 = 2w 2L » i
220 = vl 5.4 It
w = 2a0-4

(220-ANL)2g000 45,97 X £ (7903
~L3%2204 =00 > O
(@ -2294 +qwo) 20

(€ - 45.79)0e~ 174,03) 20

5 4 . 2 4
3) P dollars, invested at interest rate » compounded annually, increases to an amount 4 = P (l + f‘) in 2 years. If an

investment of $1000 is to increase to an amount greater than $1100 in 2 years, then the interest rate must be greater than what

percent? » -
[006(1€r)" > (00

(1" =11 Yo A

|+ 2r wri=1 150
2
4, —0.) >0 ~ > 0.c085

(r =0.008) c+2) >0



4) The revenue and cost equations for a product are R = x(50 - 0.0002.76) and C =12x+150,000, where R and C are

measured in dollars and x represents the number of units sold. How many units must be sold to obtain a profit of at least

$1,650,0007
b -t =lnfd
¥ §0 - 0.0904X) -(lalx t|Sveee) > [ 5090

—0.0002x* +%8x- (50,000 50
-~ 1050, 0 0p
—-0- U()u;\)(afggx ,141}(]0»0 v o (/l/,f*?"b} 4)(( [ov oo
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5) The receipts from Broadway shows (in millions of dollars) from 2000 to 2006 can be modeled by R = 4.7¢ > +277 whete
¢is the time, with 7 = 0 corresponding to 2000. According to this model, when will the receipts from Broadway shows exceed
$1 billion?

A
B e 22T %2 [000, C0Co00
Y -39 723 S0
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Send up a different representative for your group with this station completed. T will check your work and you can get started
on your HW!!



