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) Chapter 1 - Review of Equations and Inequalities
ﬁ. Part | - Review of Basic Equations

Recall that an equation is an expression with an equal sign in the middie. Also recall
that, if a question asks you to solve an equation for a variable, the question wants you
to find the value(s) of the variable that will make the equation true. When you are
solving equations, you will need to remember the following generai principles.

* To solve equations, we use the Addition Property of Equality, the Subtraction
Property of Equality, the Multiplication Property of Equality, and the Division
Property of Equality, Essentialiy, these properties say that you can do almost
anything to an equation as long as you do the same thing to both sides.

e To cancel out something that is added to, subtracted from, multiplied by, or
divided by you variable, you do the operation’s opposite. For instance, to cancel
out a 3 that is added to your variable, you subtract 3 from both sides.

e To figure out what to cancel first, second, third,..., follow the reverse order of
operations.

Let’s look at some examples.

Example 1: Solve the equation 4x — 3 = 21 for x.
) We work this problem using the following steps.

4x~-3=21 .
+3 +3 To cancel out the ~3, we add 3 to both sides.
4x =24
% = i—4 To cancel out the 4 multiplied by the x, we divide both sides by 4.
X -
To make sure this is correct, we substitute 6 for x in the original equation:
4(6)-3 I 21
24 -3121
21 =21 v

Since we come up with an obviously true statement, we can conclude that our
solution is correct. Also, notice that there is no algebra involved in checking an
equation — only basic mathematics such as adding and subtracting.

Example 2: Solve the equation 4x - 7(x +2)=2x + 4 for x.
To work this problem, you must remember the Distributive Property:

For ali real numbers a, b, and ¢, ab+c)=ab+acanda(b— c)=ab - ac.

There are several ways to work this problem, and the easiest one is shown on
the next page.
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4x-T(x+2)=2x+4
4x—-Tx—-14 =2x+ 4 Use the Distributive Property.

-3x —-14 =2x+ 4 Since the 4x and 7x are on the same side, and since they
are like terms, we can combine them,
+ 3x + 3X To cancel out the —3x, add 3x to both sides.
~14=5x+ 4
-4 —4 To cancel out the + 4, subtract 4 from both sides.
-18 = 5x
-18 _ 5x . . .
T = ? To cancel out the multiplication by 5, divide both sides by 5.
18 _
—— =X
5

Next, we must check this answer by substituting it into the original equation and
seeing if we get an obviously true statement (again, without doing any Algebra);

4(_1_8)_7(_E+2]32(_E)+4 |
5 5 5

_r2 -7 (_gj 2 _36 +4
5 5
ENC 2 _1e
5 5 - 5
_1s - _1s
5 5

Example 3: Solve the equation 2x + 3y =5y -3 fory.

This question asks us to rearrange the equation so that all the y's are on one
side of the equation, and everything else is on the other side. There are several
correct ways to work this problem, and one of them is shown below.

2x+3y=5y-3
-3y -3y To cancel out the + 3y, we subtract 3y from both sides.

2x =2y-3

+3 +3 To cancel out the — 3, we add 3 o both sides.
2x+3 =2y
2X + 2 R

5 3 = 7}! To cancel out the multiplication by 2, we divide both sides by 2,
2x+3 _ y

2

(Incidentally, you may have worked this problem differently. The solution

y= 5 is also correct.) Also, many people will try to cancel the 2's.

Almahra I A Frach Annrmarh ~



| However, you cannot do this, and the reason for this will be discussed in
! Chapter 12.

+3

Finally, we must check our answer by substituting fory in our original

equation. This time, we must do some Algebra to check our solution, but we will
do as little as possible. For example, we will not add or subtract anything from
both sides. :

5 2’”3(2)(;3] ? 5(2x+3)_3

2

2% + 6x +9 2 10x+15 -3 Recalllhat3=%and5=%.Also.to
2 2

muitiply fractions, you multiply straight across.

4x 6x+9 , 10x+15

0 Recall that, to add or subtract fractions, you
2 2 = 2 2 must have a common denominator.
10x+9 - 10x+9 v
2 2
Example 4: Solve the equation - ; S ]

* This question is asking us to get all the a's on one side and everything else on
the other side. To work this problem, you must get rid of the 5 first. This is
because the problem actually says (2a + 3b) + 5§ = 7, and, when you think about
doing the reverse order of operations, you realize that you need to get rid of the 5
before you can do anything with the expression inside the parentheses.

2a+3b =7
5
a -+
2a+3b «5=7¢5 To cancel out the division by 5, we multiply both sides by 5.
ﬁ 2a+3b=35
-3b —-3b To cancel out the +3b, we subtract 3b from both sides.
2a =35-3b
' 35-3b -
i %@_ = > To cancel out the multiplication by 2, we divide both sides by 2,
a _35-3b
2

It is possible to check this solution, but this is a good bit more compiicated than
the last three examples. Therefore, we will not check this example.

et e I A I L

e,

Example 5: Solve the equation 4x + V5 = /6 -5 forx.
To work this problem, we can follow the steps shown on the next page.

Y e e e ot
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da

-5 - /5 To cancel out the + \/5 + We subtract Jg from both sides_
4x = \/E = 245_ Recall that adding and subtracting roots js just iike adding

and subtracting like terms, For instance,

V545 = 5~ 15 < of5

i{ — \/E - 2J§ To cancel out the muitiplication by 4, we divide both
4 4 sides by 4.
V6 - 25
X = 7]

Next, we check this problem as follows:

4(%‘2[5_)+\/§ 2 J6-5

V6-245 +J5 2 /5_ /5

\/E - \/g = -\/E - 1[5_ v Again, recall that we add and subtract roots
like we add angd sublract like terms,

Problems — Solve each of the following equations for the indicated variabje.

1. 4x+7=-17 X= 6. 3y+16=-5 y=
2 7y-8=-8 y= 7. 5p-2p+1)=7  p-
3. 3-4a=7 a= 8. b-3(b+c)=4c b=
4. 20-3k=k k= 9. 3x+4y=5 y=
5. 6n-17=-9 n= 10. 7x* - 2y = 3x y=



1.

12,

13.

17.

18.

19.

20.

21.

22,

23.

24,

X » 2y +1
—+3=7 = =
5 X 14. 5 3x
%+7=4 y = 15. 3ab+2b2=5
7"3‘2 =4 . 16. 743 +2q= 43
4a\7 +3x=5 X=
85 —7(b+5)=4c b=
3J§+7(n—3~/§)=5w/§ n=
4x’y - 3x = 1 y=
7m® + 4(8k — 3m®) = —5m°® k=
y—-5x
=3b =

2a X
2a+3b - b=

5¢c
%—4J§=3J€ X =
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Part Il - Review of More Advanced Equations

Two types of equation that you will see in this section are equations that have no
solution and equations that have infinitely many solutions. If you are solving an
equation (NOT checking it) and you get an obviously false statement (such as 3 = 8 or
10 = -10), then the equation has no solution. This means that there is no value for your
variable that will give you a true sentence when you substitute it in. If you are solving
an equation (NOT checking it) and you get an obviously true statement (such as 3 = 3,
x =X, or =10 =-10), then the equation has infinitely many solutions. For now, we will
say that this means that any value for the variable will work when you substitute it in.

Example 1: Solve the equation 2 + 3a-2)=a-4+2a fora.

2+3(a-2)=a-4+ 23 ’

2+ 3a-6 =a-4+ 23 Many students, when they are asked to solve a problem
like this, will try to add the 2 and 3 before they do
anything else. However, you cannot do this because the
order of operations says you must muitiply before you
add or subtract. Therefore, you must use the
Distributive Property first.

Ja~-4 =3a-4

Since this is an obviously true equation, we can conclude that this equation has
an infinite number of solutions. To check this, we can pick any number and
substitute it for a into the original equation (we will choose a = 10).

2+3(10-2) 2 10~ 4 +2(10)

2+3(8) 10-4+ 20

26 26 v

Since this gave us an obviously true equation, we can conclude that there are in
fact an infinite number of solutions to this problem.

[[EX]

Example 2: Solve the equation 4k + 3k — 2 = 7(k—1)fork,
4k +3k-2=7(k - 1)
7k -2=7k-7 Since the 4k and the 3k are on the same side of the

equation and are like terms, we can combine them. We
can also use the Distributive Property to distribute the 7.

2= -7 Subtract 7k from both sides.

Since this is an obviously false statement, we must conclude that the equation
has no solution. Also, since there is no solution, we cannot check our answer.

i Another type of equation that you will see in this section is a problem with two
fractions and an equal sign in the middle. The easiest way to work this type of problem

is to use the Cross Multiplication Principle:

» then (a)(d) = (b)(c).

if 2 -
b

alo
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k+2 X

Example 3: Solve the equation "< = 25 fory.
y
The easiest way to solve this problem is to follow the steps below.
25(k + 2) = xy Use the Cross Multiplication Principle.
25k + 50 = xy Simplify using the Distributive Property.
25k +50 xy = -
-—x—— = —x— To cancel out the multiplication by x, we divide both sides by x.
25k + 50
—_— e y
X

It is possible to check this answer, but it is more complicated than the others, and
s0 we will not worry about checking this answer.

A fourth type of problem that you will see in this section is an equation with absolute
value signs in it. Recall that absolute valye signs say, “Do whatever is inside of me, and
then make it positive.” Also, to work many of the problems in this section, you will need
to use the following principle.

Suppose that c represents a number greater than or equal to zero. Then [x| = ¢ (or,
equivalently, ¢ = |x|) means that x = ¢ or x = —c,

Example 4: Solve the equation Ix—§|+2=)7 - 13| for x,

To work this problem, we will use the principle above, but we must first rearrange it
so that the absolute value is by itself on one side. Also, note that, because the 5 is
inside the absolute value signs, we CANNOT cancel it out by adding 5 to both
sides. We must get it outside the absolute value signs (using the principle above)

first.

Ix—5]+2={7- 13|

[x-5|+2= )-g| Simplify: 7 -~ 13 = -8.

x-5{+2= 6 Simpiify further: |-6| = 6,

x-5] = 4 Cancel out the + 2 by subtracting 2 from both sides.

X-5=4 o x-5= -4 Use the principle above.

X =8 or x =1 Add 5 to both sides of each equation.
Next, we must check both of these answers.

19-51+2 27— 13 and [1-51+227-13

4 +21 ¢ and 4 +22 ¢
6 = 6 v and 6 = 6 v

This tells us that our solutions of 9 and 1 are both correct. You MUST list both of
them, or your answer will be counted wrong.
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Example 5: Solve the equation Ja + 1|+ 3=2afora. !
To work this problem, we will start by getting |a + 1| by itself on one side of the
equation, and then we can use the principle on the previous page again.
[a+1]+3=2a

la+1] =2a-3 Get the absolute value by itself by
subtracting 3 from both sides.
a+1 =2a-3 or a+1=-(2a-3) Use the principie on the
previous page.
at+4=2a or | at+ti1=-2a +3 Solve for a.
4= 3 or 3a = 2
2
4= a or a = =
3
Next, of course, we must check both our solutions.
|4+1)+3 2 2(4) and [%H +322(%)
? 5 432 4
5 +31 8 and 3 3 < 3
= v .1_. .i b 4
8 8 and 3 # 3

Since substituting 4 in the original equation gave us a true equation but % did

not, we can conclude that 4 is a correct answer, but % is not. Therefore, either

we did something wrong somewhere, or eise the second half of the problem has
no solution. Since a check of the Algebra leading up to this solution saysitis
correct, we must assume that 4 is the only correct solution to this equation. (By
the way, if neither of the solutions had worked, we would have said that the
problem had “no solution.”)

Problems — Solve for the variable indicated. (i there is no solution, write “no solution” in
the blank. if there are an infinite number of solutions, write “infinite solutions” in the
blank.)

4x+2y _1-x _
25. 5 3 X
1-5x _ a
26. = — a=
3 y

Algebra ll: A Fresh Approach 8



3x-4y _ 12x-16y

27. 2 5 y=
2a-3b 3
28. = — b=
5 4a
4+ X
29, ——= =k =
y y
Hint: Recall that k = %
X=y _ _
30. ——3b C a
X-y
31. =c b=
a-3b
32. [x|-5=4 =
33. [p-1]=3 p=
34. a—1=|7] e
35. _Xj = x_n.s._ X =
y Y
36. 3+2k—5|=9 k=
i
f 37. |110-6|-2d = |d| d=
i
ﬁ- 9 Chapter 1 - Review of Equations and Inequalities
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

[3n—-2|+5=1

3 -5(x +2)=-5x

|2a-3|=a

la-5/=a+11

|x—1] +5=2x

In+6] _
3

4-5lq-4| = 14

Challenge: x—1=|x-1]

Algebra lI: A Fresh Approach
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Part Il — Review of Solving Inequalities

An inequality, as you may recall, is just like an equation except it hasa <, >, 5, 2,
or # sign in the middle instead of an equal sign. Inequalities are solved just like
equations — you can do almost anything you want to one side of the equation as long as
you do exactly the same thing to the other side. The only exception is that, when you
multiply or divide both sides by a negative number, you must flip the inequality sign.

Let's look at some examples.
Example 1: Solve for x: 4x ~1<—-17

4x~1<-17
+1 +1 To cancel out the ~1, add 1 1o both sides.
4x <-16
4x <= 16 To cancel out the multiplication by 4, divide both sides by 4.
4 4 {Note that we divided both sides by +4, and so we did not flip the
ineguality sign.)
X <-4

There are actually two parts to checking an inequality: you must check the
number, and you must check the direction of the inequality sign. To check the
number, you substitute the number in for x in the original inequality, and you
make sure that both sides equal each other. To check the inequality sign, pick a
number that actually falls in the range of your solution (in this case, we want a
number less than —4), and substitute that in your original inequality and make
sure you get a true statement.

To check the number: To check the inequality sign:
4-4)-12 47 (We picked x = -5.)
~16 -1 2 17 4(-5)-1J —17
=17 =7 v -20 -1J —17
21 < -17 v

Since both parts checked, we can assume that our solution of x < -4 is correct.

Example 2: Solve fory: 3x— 2y 2 5 for y.

3x-2y25
-~ 3x - 3x To cancel out the 3x, subtract 3x from both sides. {Many people
2y 25— 3x try to add 3x here because addition is the opposite of
y subtraction. However, this is not correct because the subtraction
sign goes with the 2y, and not the 3x. Also note that, if you add
3x to both sides, you get 6x, and not zero, on the left side.)
-2y 4 5-3x To cancel out the muitiplication by -2, divide both sides by -2.
=91 < I D (Note that we divided both sides by a negative number, and so
_ we had to flip the inequality sign.)
y s 5-3x
-2
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Checking inequalities with more than one variable can be ticky. We won’t worry
about checking the direction of the inequality sign, but you can check the
numbers just like we did earlier:

5-3x
3x-2 2
X (—2) 5

3x + 5-3x 25 Note that the multiplication by —2 and the division by
-2 cancel each other out.

5 =5 v

Example 3. Solve forq: 8 —-?- 25

8- 55
7
-g 2 -3 Subtract 8 from both sides.
_9. 42 —3.-7 To cancel out division by ~7, we multiply both sides by
7 < —7. Note that we must flip the inequality sign because
we multiplied both sides by a negative number.
g<21

Next, of course, we must check this solution. Recall that we need to substitute 21
for q in the original inequality and make sure that the two sides equal each other,
and we need to check the inequality sign by substituting a number in the range of
our solution (in this case, we need to pick a number less than or equal to 21 )

To check the number: To check the inequality symbol:
21 4 (We picked q=7.)
8- 25
7 7 3
8-=35
8-325 7
5 =5 v 8-135
7 25V

Example 4: Solve forb: 1-3b#5

This problem is solved exactly like an equation - there's just a # sign in the
middle.

1-3b#5
-3b#4 Subtract 1 from both sides.
b #— 4 Divide both sides by -3. (Technically, we should flip the

inequality, but flipping it just gives us the same thing.)

To check this solution, we do not need to check the direction of the inequality
symbol (because there is no direction). We do, however, need fo substitute our

answer of —% in and make sure that both sides equal each other:

Algebra II: A Fresh Approach 12



-3(-4) 2

-o-4) s

1 +4 25
5 =5 v

Example 5: Solve forp: px+5<7y
This problem starts out just like the others did, but then it gets a little harder at
the end, as you will see.
px+5<7y
px- <7y-5 Subtract 5 from both sides.

Now, at this point, we need to divide both sides by x, but we don't know if we
need to flip the inequality sign or not (because we don't know if x is positive or
negative). So, we will state two cases:

ifx>0: Ifx<0:
px_7y-5 px 4 7y-5
X X X > X
) <'iy—5 p >7y—5
X X

(it x <0). Note

Therefore, our final answer is p < 7yx_ 5 (fx>0)orp> Lo
X

that we do not need to worry about what happens if x = 0 because the
denominator of a fraction.can never equal zero.

Example 6: Solve fory: ax+bysc
This problem is worked just like the one in Example 5.

ax+by=sc
by £c-ax Subtract ax from both sides.
by  c¢-ax , by 4 c-ax
— L —_—
ST (ifb>0) or b > (ifb<0)
ysc‘ba" (fb>0) or ya"‘ba" (if b < 0)

Again, notice that we do not worry about what happens if b = 0 because that
would make the fraction undefined.

Example 7: Solve forn: 7—m(n+ 1) > 3m

This problem is just like the last two, with one exception: at the end, when you
need to divide both sides by —m, you need to realize that -m is actually positive

when m > 0 (and vice versa).
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7-m(n+1)>3m

7 —mn-m >3m Use the Distributive Property to simplify.
—mn >4m -7 Add m to both sides and subtract 7 from both sides.
-mn $ 4m-7 -mn _ 4m-7
P p (Ifm>0) or tT]1_> (lfm<0)
am-7 -
n < (ifm > 0) or n >34m-7 (ifm < Q)

Problems - Solve for the indicated variable. (Do not forget to include the inequality sign
in your answerl)

49. Solveforx: 3x+1 <16

50. Solvefory: 7y-5217

51. Solve forn: 3n—(5n+ 1) < 8n

52. Solve for a: g +8>-3

w|x
A
\‘

53. Solve fork: 5 -

54. Solve forc: 3+2(c~1)#5¢c

55. Solve form: 4m-5m+y) < 2y

56. Solve for q: g -3> %(2 +q)

Algebra II: A Fresh Approach 14



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

15

Solve for x:

Solve for b;

Solve for x:

Solve for p:

Solve for b:

Solve for y:

Solve for a;

Solve for d:

Solve for p:

Solve for x:

Solve for n:

7T-3x<-5

3a—-2(b-a)<3

18— 5(x + 1) > 2x — 7x

8 > 3p + 4(k - 2p)

4a+2a(b + 3) = —1

3w + 2x{y + 1) € 5x

14> 2b + 3ac

6d — 7c(a— b) < 4ac

3p+5(p-1)<8p+4

2a+1>2a+3x

4a+a(2-3n)27
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68.

69.

70.

71.

72.

73.

74.

75.

Solve fory: x— -2% # ox

Solve fork: 4 - 5a(2k + 1) < —2a

Soive for c: <3

Do

Solve forw: 7>5— %TW

Solveforx; 2x+ 12 3x-x

Solve fory: 1 - % < —B

Solve forb; a + g > Ba

Solve form: 424 - a(%l_5J

Algebra II: A Fresh Approach
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Part IV — Graphing Inequalities on Number Lines

You may recall that an inequality that has only one variable can be graphed on a
number iine. For example, to graph “x < 3,” we need to show all the numbers that are
less than 3. We do this by putting an open circle around the 3 (the open circle says that
x cannot equal 3) and then shading the part of the number line that shows the numbers
less than 3, as shown below.

—————1>
2-B-7-65-432-1012324352463 o b

If we had wanted to graph “x < 3," then we would have filled in the circle around the 3,
as shown below,

' I R SR N
D N s e e S S S —t—t——>
9 -8 -7-6-5-4_-3 21 ¢ 12 3 4 5 6 7 8 g

Now, let’s look at some more complicated examples.

Example 1: Graph on a number line: 2x-1>7
Before we can graph the solution to this inequality, we must first solve for X:

2x-1>7
2x >8 Add 1 to both sides.
X >4 Divide both sides by 2.

Now we can graph this solution on a number line. Note that x cannot equal 4,
and so we need an open circle around the 4. Aiso note that we want to talk
about the numbers that are bigger than (ie, to the right of) 4. Therefore, our
graph looks like this:
Aty
9 -8-7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 9

Example 2: Graph on a number fine: P+2(p-1)#3p+2
Once again, we must start by solving for p:
P+2(p-1)#3p+2

P+ 2p-2 #3p +2 Simplify using the Distributive Property.
3p -2#3p+2 Combine like terms.
-2 ¥# 2 Subtract 3p from both sides.

This is an obviously true statement, and so we must conclude that there are an
infinite number of solutions. As we said earlier in this chapter, this means that
any number you choose to substitute in for p will work. Hence, to graph the
solution on a number line, the entire number line must be shaded:

-9 -8 -7-6-5-4-3 .2 ¢ 1 2 3 45 6 7 8 9
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Example 3: Graph on a number line: y#7 3
In this case, the variable is already by itself, and so all we have to do is graph it,
The statement "y # 7" means that y can be anything bigger than 7 or smaller than
7, but it cannot equal 7. So, we put an open circle around the 7 and shade the
rest of the number line, as shown below.

9 -8-7-6-5-4-3 240 1 2 3 4 5 6 7 8 9

The next several examples discuss conjunctions and disjunctions. Conjunctions are
two statements with the word “and” in the middle (for example, “x > 4 and x < 7"), and
disjunctions are two statements with an “or” in the middle (for example, “x > 4 or x < 77).
The word "and” says that you need to make both inequalities true at the same time.

The word “or” says to talk about where either one (but not necessarily both) is true.

Example 4: Graph on a number line: y—4>-7 and 3 — y21
We must begin by solving each of these inequalities for y:

y—4>-7 and 3-y=z1
Y >-=3 Add4to bothsides. and —y=2-2 Subtract 3 from both sides.
y >-3 and  yZ2  Divide both sides by —1.

Next, we must graphy > -3 andy < 2. Todo this, we first need to graph y > -3
and y < 2 separately, and then our final answer will be wherever the two overlap.
The graph of y > -3 looks like this:

-Gl | ] ! ] 'M
| ! I I [ 1 g
—9—8—7-6—5-—4-—3—2—-10123456789

The graph of y < 2 looks like this:

| 1 | 1 | | I_>
1 1 I J I I I
9-8-7-6-5-4-3-2-10 12 3 4567 8 9
Therefore, the two graphs overiap between -3 and 2, including 2 but not
including ~3. The final answer looks like this:
<t pfrfeep———

——— — —
9 -8-7-6-5-4-3 21012 3 435 § 7

i
8 9

Example 5: Graph on a number line: 72kand2k-1 <5

We begin by solving for k in the second inequality (in the first inequality, k is
already by itself, and so we do not need to worry about it):

2k—-1<5
2k <6
k <3

So, now we need to graph 7 2 k and k < 3 separately and then see where they
overlap. The graph of 7 2 k looks like this:

9 -8 -7-6-5-4-3 2190 1 2 3 4 5 6 7 8 9
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The graph of k < 3 looks like this:

D e A S o r o S N R —t——>
9 -8-7-6-5-4-3-2-1012 3 452467178 9
Therefore, the final answer looks like this:
| 1 ] | 1
1 T I T I >
9 -8-7-6-5-4-3-2-10 12 3 4526728 9
Example 6: Graph on a number line: 4 — % <50rx>7
We must, of course, begin by solving the first inequality for x:
4-%¢s5
3
X 4
-3 <1 Subtract 4 from both sides.
X 2-3 Muitiply both sides by -3, and don't forget to flip the ineguality sign.

Now we need to graph x 2 -3 orx > 7. Once again, we will graph both of them
separately and then figure out the final answer from there. The graph of x 2 -3
looks like this:
<——+———
9 -8-7-6-5-4-3-2-10 123 43526T728 g
The graph of x > 7 looks like this:

-l 1 ] | ] 1 ] 1 1 1 I i ] [ |
1 | I ) i i 1

LI 1T T 1 :
9 -8-7-6-5-4-3-2-10 12 3 45167 8 o

When you remember that we said the word “or” says to talk about where either
one (but not necessarily both) is true, you should realize that the final answer
looks like this:
<———
9 8-7-6-5-4-3-2-10 12 3 456728 g

Example 7: Graph on a number line; a>-3aor2—-a>35
We begin by solving each inequality for a:

a>-3a or 2-a>a
4a>0 Add 3a to both sides, or 2 >2a Add a to both sides.
a>0 Divide both sidesby4d. or 1 >a Divide both sides by 2.

Now, we needto grapha>0and 1> a separately and figure out the final answer
from there. The graph of a > 0 looks like this:
D s e e e
9-8-7-6-5-4-3-2-1012 343526728 9
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] The graph of 1 > a looks like this: '

1 l | ] i ] | l>
1 1 I I 1 L 1 I
-9 -8 -7 -6 -5 -4 -3 2 4 0 1 2 3 4 5 § 7 8 9

This tells us that the final answer is the entire line shaded (because at least one

of these inequalities is true for every number on the number line):
9 -8-7-6-65-4-3-2_10 12 3 45467348 9

Example 8: Graph on a number line: d - 3d+1)2-11ord+1<3d-14
We start by solving each inequality for d;

d-3{d+1)z2-11 or d+1=<3d-14
d-3d-3 2-11 or -2d+1¢< -14
~2d -3 2-11 or —2d < -15
-2d 2-8 or d 2 1—2§
d <4 or d 2 7.5

Now, we can graphd<4 ord 2 7.5. The graph of d < 4 looks like this:

[}
9 -8-7-6-5-4-3-2-10 12 3 4524678 9
The graph of d 2 7.5 looks like this:

| 1 ] | { 1 | 1 1 i l

1 1

1 I 1 ] i 1 1 1 ) : :
-9 -8 -7-6 -5~-4-3 -2 -1 ¢ 1 2 3 4 5 6 7 8 9
Consequently, the final answer looks like this:

<9 -8 -7-6-5-4-3-2190 1 2 3 4 5 6 7 8 9

Problems — Graph each of the following on a number line.

76, x<—1
<| i L 1 1 ] ] i i 1 [ t i ] [ | ! ] |
{ ] 1 ] ] { 1 { ] 1 I 1 ] ! 1 ) 1 I B
<9 8-7-6-5-4-3-2-10 12 3 45678 g
77. y>5
<| 1 | | 1 | | I 1 | ] [l 1 | ] o | | [
i ] 1 1 1 ] 1 1 [ I I 1 ] 1 1 ] { 1 il
~9 -8 -7-6 -5-4-3 2190 1 2 3 4 5 6 7 8 9
78. 3x-5<10
<+ >

L L L LI ::
-8 -8 -7 -6 -5 -4 -3 -2 _q 12 3 45 67 8 9

o
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79.

80.

81.

82.

83.

84.

85.

21

4c+129

D e e Ry wan S T A AT
-9-8-7—6-5—4—3-2——10123456789
X-(x+1)#4

¢Fi§li1:.’:iii-i.i{:;i>
-9-8—7—6—5-4—3-2—10123456789
% <1 (Hint: Be careful about the direction of the inequality sign!)

D A e e T —— —t—t>
% -8-7-6-5-4-32-10 12 3 452467 5 g
ia1

X

| 1 | 1 1 1 | 1 1 | | l 1 ] 1 | I | L
Il | 1 1 1 ] I ! 1 1 1 ] 1 1 i ) I UL L
9-8-7-6-5-4-32-10 12 3 45¢67 g8 g
5-2x<3+2(x+2)
'<}I%£!#l:li!:lill}il>
9 -8-7-6-5-4-3-2-10 12 3 45467 8§ g
4y+3>y-3(y+1)
%#i!ll!:l::lll::!.’b
% -8 -7-6-5-4-3-2-10 123 4526738 8
n-5n+2)#5
<i.’il:§i.‘l{!ii}.!:l>
9 8-7-6-5-43-2-10 123 45¢6728 9
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86.

87.

88.

89.

90.

91.

92.

k<5 and k>-1

1 1 ! H ! i

<f——

[ [ i | 1 I i T 1 | | { 1 : T
9 -8 7-6-5-4-3 2910 1 2 3 4 5 6 7 8 9
m+125and m-1>5
R S e e i ) S B ——————t—t>
9 -8-7-6-5-4-3 210 1 2 3 4 5 6 7 8 9
y—5<4 oryz27
<| { 1 ] 1 1 | i | ] I 1 1 | | [ ] i | o
] I I i ) 1 1 I I ] I I I ] 1 I [ [] []
9 -8 -7 -6 -5 -4 -3 -1 0 1 2 3 4 5 ¢ 7 8 9
c+3>2corc+5<4
<+ttt ——————
-9 -8 -7 -6 -5 -4 -3 2 -1 0 1 2 3 4 5 § 7 8 9
X+1#5 and x-3 > 4x
<| i | i { i [} [ ] { | { 1 | i 1 | | | o
| 1 1 ] [} [} 1 I | i ] i 1 I 1 I 1 I T
-89 -8 -7 -6 -5 -4 -3 -2 -1 ¢ 1 2 3 4 5 § 7 B 9
y——y<5ory#3
D e S T s e S S MY NN
-9 -8 -7 -6 -5 -4 3 -2 -1 0 1 2 3 4 5 § 7 8 9
m-4m-3)<2m and 2m=27
~t+—t—t———— >
-9 -8 -7 -6 -5 -4 -3 2 -1 0 1 2 3 4 5 § 7 8 9
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t 3t
93. — 2-1 and 1-=—>-2
2 2
%:Illl:::::i!l!:{:#
-9-3-—7—6'-5—4-3-2—10123456789
4%+ 5 7x -1
94. <2 or s --10
3 -2
éi—:Ili:::!}!:{illiii
—9-—8—7—6—5—4—3—2-—10123456789
95. x+3>5 and x+3<5
D e T SRR
-9—8—7—6-5—4—-3—2—10123455789
96. x>5 or 3x—-1<5
#!:l:::l:{!}.’!fll!b
—9—8—7—6-5-4—3—2—1012345673 9
97.n25n+1or3+n<5—-n
f%:!lll:.'{:.':!.'ii:£+>
—9—8—7—6-5—4-—3——2—1012 3 4 5 6 7 8 g9
98. Im-1#7 or2m+%<3
%;Ll.'.'l{':iiltl::::.:%
—9—8—7—6—5—4-3—2—10123456789
99.4p+3>4p—33nd3(p—1)25
D e e e S A e S Y MY
—9-8—-7-—6-—5-4—3—2-10123456789
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100. x+1<x-1orxz23 v

o | | | ! i 1 ] | i

y

B | 3 1 1 ] 1 ] 1 1 : : 1 : 1 i : T

-8 -8 -7-6-5-4-3 219090 1 2 3 4 5 68 7 8 g
101. 2—-(x+1)s5-xand 4 -3x<7

D S A e e e e e R B T

9-8-7-6-5-4-3 210 1 2 3 4567 8 g

The next few problems are in the form a <x <b (where a < b). The statement “a<x<b”
means, “a<xand x <b.” For example, “t1 <x + 3< 5" means, “1<x+3andx+3<5"”

102. 3<x<5

| ] 1 I ] ] [ i ] f i | | { | w
el | ] { ] ) i 1 I I 1 1] ] | L I 1 [] ] B B
-9 -8 7 -6 -5 -4 -3 2 1 ¢ 1 2 3 4 5 6 7 8 9
103. -1<x-~1<5
4 ——t——}>
-9 -8 -7 -6 -5 -4-3 21 0 1 2 3 4 5 6 7 8 ¢
n
104. -1 <D <3
2
+——t+——t—t——t—————— ———t
-9 -8 -7 -6 -5 -4 -3 _2 _1 0 1 2 3 4 5 6 7 8 9
105. 2s1-8a<7
.(I { i | [ | 1 | f | f | | i I [ 1 ] | o
1 | i I | 1 | 1 { ] 1 ] ] ] 1 ] ] ] N
-9 -8 -7 -6 -5 -4 -3 .2 _14 (1} 1 2 3 4 5 6 7 8 9
2
106. —1<5- <Y <3
3
D T S o s ST MY
-9 -8 -7 -6 -5 -4 -3 -2 1 0 1 2 3 4 5 6 7 8 9
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inequalities.

symbolically.

resulting equation.

Ix+3|=4
X+3=4 or x+3=-4
X =1or x =-7

l 1 ~
-~ 1 —

1
-7 1

o o T

true statement or a false statement.

e g

—

Part V - Inequalities involving Absolute Value

In this section, we will discuss how to solve inequalities involving absoiute valyue
symbols and how to graph the solution on a number line. You will see variations of the
methods we use in this section throughout this book in the sections involving

Example 1: Solve |x + 3| < 4. Represent your answer both with a number line and

Step 1: Pretend that there is really an equal sign in the middle and solve the

Step 2: Draw a number line, and put the numbers you found in Step 1 on it. You
can put other numbers on the number line if you want to, but you do not have to.

Step 3: Test the different regions on the number line by picking numbers in
each region and substituting them into the original inequality to see if you get a

For this example, we have three different regions we need to test: the
numbers less than -7, the numbers between -7 and 1, and the numbers

Step 4: Graph the solution on a number line.

-7 1

T <x<1”

25 Chapter 1 - Review of Equations and inequalities

more than 1.
Test a number Jess Test a number between Test a number more
! than -7: —7and 1; - than 1:
. (We chose x =-8.) (We chose x = 0.) (We chose x = 5.)
{ | |-8+3| < 4 0+31 < 4 15+3] 3 4
i -5 <4 3] <4 8 <4
i 5 44 «x 3 <4 v 8 44 x

| .|| Note that the inequality turned out to be true when we tested a number
between -7 and 1, but it was false when we tested the other numbers.
Therefore, we will shade the numbers between -7 and 1. Also, the circles will
be open because the original inequality was <, not < or 2.

Now, to represent our answer symbolically, you need to remember what we
discussed in the last section. We can write “x > -7 and x < 1” or, equivalently,



Example 2: Solve the inequality 7 - 2[5 -yl = 1. Represent your answer both with a
number line and symbolicaily.
Step 1. Pretend that there is really an equal sign in the middle and solve the
resulting equation.

7T-2|5-y|=1
-215-y]l=-6
I5-y/=3

S3-y=3 or 5-y=_3
y=2 or y=8

Step 2. Draw a number line, and put the numbers you found in Step 1 oniit. You
can put other numbers on the number line if you want to, but you do not have to,

< ! I .
sy ] 1 e

2 8
Step 3: Test the different regions on the number line by picking numbers in
each region and substituting them into the original inequality to see if you geta
true statement or a false statement,
We need to test three regions: the numbers less than 2, the numbers
between 2 and 8, and the numbers more than 8.

Test a number less Test a number between | Testa number more
than 2; 2and 8: than 8:
(We chose y=0.) (We chose y = 3.) (We chose y=9.)
7-25-0] 21 7-2]5-3] 2 1 7-2]5-9] 21
7-205 %1 7-2 121 1 7-2 -4 %4
7- 10 21 7- 4 14 7-8 24
-3 =1 v 3 41 x -1 €1 v

Step 4: Graph the solution on a number fine.

Note that the inequality was true when we tested a number less than 2 and
when we tested a number more than 8. Thus, we shade the numbers that are
less than 2 and the numbers that are more than 8. Also, since the original
inequality was <, and not < or >, the circles will be closed.

€ ————p

2 8
Now, if you remember what we discussed in the last section, you should
realize that you can represent this solution symbolically by saying ‘v<2or
y28."

Problems — Solve each of the following inequalities. Represent your final solutions both
symbolically and with a number line.

107. {x| <5 108. x| 2 3
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109. ly-3|2 4

110. |b+1]<2

111. [2-a|>5

112. 4+ |n-1]>7

113. 3> |c -2

114, 3lyl-2>7

27

115. 7—-{5m+3|> 7

116. [x~ 3|+ 222

117. 7> |2x+ 5| + 2

118. 4— 3w+ 1|<6

119. 2|5a+3|+1<7

120. 9 - 2|5x - 6| < 1
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121.

122.

123.

124.

125.

126.

3p +/5| < -2

8+2jy+3]<8

5-2I3d + 1] <1

3+2/m|>5

4 +|5k-3| 2 1

5 |5x~1|> 3

127. 2- 3|y — 6| <4

128. 5—-3jn|2 4

129. 5<3 — |2p|

130. |3v+4| <5

131. 5-|4-7q| <2

132. 3—|d4x| <5
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