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Introduction 
In the previous grades you had already learnt about fractions and decimals. These 
numbers together with integers form a bigger set of numbers known as the set of rational 
numbers. In this unit you will learn about rational unmbes and their basic properties. 
You will also learn how to perform the four fundamental operations on rational 
numbers.  
 
 

                                             

  

Unit Outcomes: 

After Completing this unit, you should be able to:   

 define and represent rational numbers as fractons.  

 show the relationship among ,  and .  

 order rational numbers.  

 Perform operation with rational numbers.  
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1.1 . The Concept of Rational Numbers   
Group work 1.1  
Discuss with your friends/ partners.  
 

The Venn diagram below shows the  
relationships between the sets of  
Natural numbers, whole numbers  
and Integers.  
1. Define the set of:  

a. Natural numbrs  
b. Whole numbers  
c. Integers  

2. Name six natural numbers.  
3. Name six whole numbers.  
4. Name six positive integers.  
5. Name six negative integers.  
6. To which set(s) of numbers does each of the following numbers 

belong?  

      a. 0                b.  25                   c. -102             d.  
7. Put < or > in stead of the box between each pairs of numbers given 

below to make it true.   
    a. -76            600          b. -1200             -800        c. 0            -10,000  

 

1.1.1. Revision on Integers  
In grades 5 and 6 mathematics lessons you have already learnt several facts 
about the sets of natural numbers ( ), whole numbers, ( ) and integers ( ). In 
this subsection you will revise some important facts about the set of integers.  
 

Activity 1.1  
Discuss with your friends/ partners 
 

1. For each of the following statements write “true” if the statement is 
correct or “false” other wise.  

      ( Hint:  = union and = intersection).  
      a. The set {0, 1, 2, 3, …} describes the set of natural numbers.  
      b. The set {…, -2, -1, 0, 1, 2, …} describes the set of integers.  
     c.    = {0, 1, 2, 3, …}.  
     d.    = {1, 2, 3, 4, …}. 
     e. 126 is a natural number.  

Figure 1.1 Relationship among  
 

 

Natural 
numbers 
1,2,3, ... 

Integers  
…,-3, -2, -1  

Whole numbers  
             0 
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2. a. Is every natural number a whole number? If it is so, can you say  
  ? 

    b. Is every natural number an integer? If so, can you say ? 
    c. Is every whole number an integer? If so, can you  say ? 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Directed numbers are used in telling the temperature in degree Celsicus’ (oC). 
Thus if the temperature is 20 degree Celsius above zero, you can read as positive 
twenty degree Celsius (+20 oC) and the temperature is (-20) degree Celsius 
below zero you can read also negative twenty degree celsius  (-20 o

a. Seventy  five above zero.  

C).  
 

 

Example 1:  Give the directed number describing 
each of the following temperatures.  

b. Forty below zero.  
c. Twenty five below zero.  
d. Twenty one above zero.  

  

Note:  The set of numbers consisting of whole numbers and negative 
numbes is called the set of integers. The set of integers is dentoed 
Z = {…, -3, -2, -1, 0, 1, 2, 3 ,…}. 

 
 
 
 
 

 
 
 

 Anders Celsius the Swedish astronomer 
who lived between 1701 and 1744 A.D. He 
devised a way of measuring temperature 
which was adjusted and improved after his 
death.  

Figure 1.3 Anders Celsius 
 

Figure 1.2 Number line 

 
0 1 3 2 4 -1 -2 -3 -4 

Figure 1.4 Thermometer 
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Solution     

a. Positive seventy five (+75).            c. Negative twenty five (-25).  
b. Negative forty (-40).             d. Positive twenty one (+21). 

 

From Grad 5 and 6 Mathematics lesson recall that:  

 The set of natural numbers, denoted by  is described by = {1, 2, 3, …}.  
 The set of  whole numbers, denoted by  is described by  = {0,1,2,3,…}.  
 The set of integers, denoted by  is described by  = {…,-2, -1, 0, 1, 2, …}.  
 The sum of two natural numbers is always a natural number.  
 The product of two natural  numbers is always a natural number.  
 The difference and quotient of two natural numbers are not always natural 

numbers.  
 The sum of two whole numbers is always a whole numbers.  
 The product of two whole numbers is always a whole number.  
 The difference and quotient of two whole numbers are not always whole 

number.  
 The sum of two integers is always an integer.  
 The product of two integers is always an integer.  
 The difference of two integers is always an integer.  
 The qoutient of two integers is not always an integer.   

 

1.1.2. Revision of Fractions 
From grade 5 and 6 mathematics lessons, you have learnet about definition of 
fractions, operations on fractions and types of fractions. Recall the following:  
 
 
 
 
 
 
 
 
 
 
 

Note:  Fractions are numbers of the form  where  = a ÷ b when a and 

b are whole numbers and b is  not equal to  zero ( b ≠ 0).   

            In the fraction  ,the numerator is ‘a’ and the denominator is ‘b’ .   
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Example 2:  Examples of fractions in Figure 1.5 below.
   

This foot ball pitch has 
two halves  
 
 
 
 
 
 
 
One part is one half or 
  of the pitch 

 

This DVD has eight 
equal Sectors  
 
 
 
 
 
 
 

The shaded part is 
8
7  of 

the DVD 
  

This chess board has 64 
equal small squares  
 
 
 
 
 
 
One part is one sixty – 

fourth or 64
1

 of the 
chess board  
 

 
 

Example 3:  Let two fivths or  of the parking spaces be  occupied, then find 

the numerator and denominator.  

                      
 
 
 
 
 
 
 

Solution:   

                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Based on the numerator and denominator, you can classify a given 
fraction  into two types. These are:  

i. Proper fraction  
ii. Improper fraction  

 If the numerator of a fraction is less than its  denominator, then the 
fraction is a proper fraction. That is the fraction  is called proper 
fraction, if a < b.  

   

Figure 1.5 Examples of fractions 
 

The bottom number is called the denominator.  
 

The top number is called the numerator. 
 

Figure  1.6  Cars  
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Activity 1.2 . 
Discuss with your teacher orally  
 

1. Name the numerator and denominator of each fraction.  
                       b.                        c. 3                  d.  where b ≠ 0  

2. Give examples of your own  for  proper fractions, improper fractions 
and mixed numbers.  

3. Change these improper fractions to mixed numbers.  
                          b.                        c.                   d.  

4. Change these mixed numbers to improper fractions.  
   a. 3                         b. 4                         c. 3               d. 1  

 
 
 
 

1.1.3. Revision on Equivalent Fractions  

Activity 1.3 
Discuss with your teacher orally  
 

1. Copy and complete each set of equivalent fractions.  

  

  

. 
 

2. Consider the given fractions , are they equivalent 

fractions?  
 

An interesting property of rational numbers is that infinitely many different 
fractions may be used to represent the same rational numbers. Figure 1.7 below 

 If the numerator of a fraction is greater than or equal to its 
denominator, then the fraction is an improper fraction. That is the 
fraction  is called improper fraction, if a ≥ b.  

 If an improper fraction is expressed as a whole number and proper 
fraction, then it is called Mixed number.  

 



 1 Rational Numbers 
 

      7 

shows that a point on the number line  can be represented by infinitely many 

different fractions. For example  all represent the same point . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therefore, using the above discussion, we define equivalent fractions as follows: 

 
 
 

 Definition 1.1. Fractions that represent the same point  on the number 
line are called Equivalent Fractions.   

Note: From the above Figure 1.7 we get:  

i. That is  are 

equivalent fractions.  

ii.  that is  are equivalent 
fractions.  

iii.  that is  are equivalent 
fractions.  

iv.  that is  are equivalent 
fractions.  

v.  that is  are equivalent 
fractions.  
 

 

Finguer 1.7 Number line 
 

● 

● 

● ● 

● 

● 

● ● 

 

 

 

 

 

 

 

 

0 
  1 

● ● ● ●     

● ● ● ●     

 

 

● 

● 

●  

●  
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Example 4:  
243
81and

81
27,

27
9,

9
3 ,

3
1  are equivalent fraction. You may observe 

that:   

.
381
181

243
81  and  

327
127

81
27  ,

39
19

27
9  ,

33
13

9
3

×
×

=
×
×

=
×
×

=
×
×

=  

Further more the above example 4 can be generalized by the fundamental 
properties of fraction as follows:  
 
 
 
 
 
 

 

 

 

Look at the following example very carefully.  

Example 5. Show that  are equivalent fractions.  
 
 

Solution:  let  then 5 × 18 = 6 × 15 = 90.  
 
                  This is another method for checking the equivalenc of two fractions.  

 

1.1.4. Rational Numbers  
In sub-section 1.1.1. you have revised important ideas about integers. Integers 
are represented on a number line as shown below in Figure 1.8.  
 
 
 
 

Consider the number  , it is greater than 1 but less than 2. So it belongs to the 

interval between 1 and 2 as shown in Figure 1.8.  is not a natural number or a 

whole number and also it is not an integer. It is called  a rational number.  

Fundamental properties of fraction:   
For any fraction  if m is any number other than zero, .  Therefore, 

 are equivalent fractions.  

Note: Two fractions  and  , b, d ≠ 0 are equivalent if and only if a×d =  b×c. 

            Equivalenetly  =  if and only if a×d = b×c. 

 

Figure 1.8 Number line 

 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 9 8 
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Using the above discussion, we define the set of rational numbers as follows:  
 
 
 
 
 
 
 
 
 

Example 6.  - -  and 11 are rational numbers.  

                      The integer 11 is a rational number since it can be written as . 
 
1.1.5. Representing Rational Numbers on a Number Line   

 

Example 7.  Sketch a number line and mark the location of each fraction.   
                 b.           c.          d.        e.        

  
 

 Solution: First draw a number line and mark the location of each fraction.  
 
 
 
 
 

a) The number  is located half way between 1 and 2.  

b) The number  is located between 0 and 1.  

c) The number  is located half way between -2 and -3.  

d) The number  is located half way between -1 and -2.  

e) The number  is located at the point labeled 4, .   
This description of rational numbers on the number line leads to the following 
property.  

 Definition 1.2: Any number that can be written in the form  where a and b 
are integers and b ≠ 0, is called a rational number. 

Note:  i)  The set of rational numbers is denoted by  such that  
                   = .  

        ii) Any integer ‘a’ can be written in the form of  where b = 1, it 
follows that any integer is a rational number.  

       
 

Figure 1.9 Number line 
-7 -6 -5 -4 3 -2 -1 0 -8 -9 1 2 -3 4 5 6 7 8 
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In Figure 1.9 above, we will see the following Notes:  
i. The new numbers marked on the number line to the left of the zero point 

and fractions between them are called Negative rational numbers. The set 
of negative rational numbers are denoted by ″  -

ii. The new numbers marked on the number line to the right of the zero point 
and fractions between them are called positive rational numbers. The set 
of positive rational numbers are denoted by ″  +

″  

iii. The union of the set of positive rational numbers, set containing zero and 
the set of negative rational numbers is called the set of rational  numbers.  

″. 

 

Example 8.  Calculate  

a. 
10
7

5
3
+               b. 

9
13

18
19

−              c. 
11
8

7
2
×

−                  d. 
5
2

13
3
÷  

  

Solution:  

a. .
10
13

10
76

10
7

10
6

10
7

25
23

10
7

5
3

=
+

=+=+
×
×

=+  

b. .
18

7
18

2619
18
26

18
19

29
213

18
19

9
13

18
19 −

=
−

=−=
×
×

−=−  

c. .
77
16

117
82

11
8

7
2 −

=
×
×−

=×
−  

d. .
26
15

2
5

13
3

5
2

13
3

=×=÷  
 

From this example you can easily see that the sum, difference, product and 
quotient of two rational numbers are also rational numbers.  
 

In grade 6 mathematics you had learnt how to convert a given terminating 
decimal to a fraction.  
 

                Do you remember how you did that?  
  

Property of rational numbers   
Every rational number corresponds to some unique point on a number line.  

? 
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Look at the following examples carefully.  

Example 9.  Convert each decimal given below to a fraction.  

a. 0.25                         b. 2.4                      c. 1.28  
   

 

Solution:  

a. 0.25 = 0.25 
4
1

254
251  

100
25  

100
1000.25  

100
100  =

×
×

==
×

=× . Thus 0.25 = .
4
1   

b. 2.4 = 2.4 
5

12
25
212  

10
24    

10
102.4  

10
10   =

×
×

==
×

=× . Thus 2.4 = .
5

12  

c. 1.28 = 1.28 
25
32

425
432

100
128

100
1001.28

100
100

=
×
×

==
×

=× . Thus 1.28 = .
25
32  

 

As you can see from example 9 above, terminating decimals can be expressed as 
fractions. So we can say that terminating decimals are rational numbers.  
 

Exercise 1A 
 

1. Compute the following ploblems in .  

a. 270 + 80                       d. 23.9 + 28.9                      g.  

b. 320 – 90                       e. 49.72 – 58.87                    h.  

c. 2.7 + 2.8                       f.                                  i.  
2. Are the following pairs of fractions equivalent? Give the reasons to your 

answer.  

a.           b.              c. d.  

3. Find at least four equivalent fractions for each fraction.  

a.                                                      b.  

4. All of the following expressions represent rational numbers. Rewrite each of 
them in the form  where a and b are integers and b ≠ 0.  

a. 6                         c. -23                 e. -0.83                 g. 4  

b. 1                         d. -4.33             f. 8763.2               h. 2   
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5. Draw a number line and represent the following rational numbers on a 
number line.  
a. 5                       c.                  e. -8                     g.              i.       

b.  3                    d.                    f.                       h.  
    
 

Challenge Problems  
6. There ae 28 people on a martial arts course. 13 are female and 15 are male. 

What fraction of the people are:  
a. Male                                                 b. Female  

 
7. Represent the following fact by using a numeral and + and – signs.  

a. A loss of Birr 100.    d. Five minutes Late.  
b. A rise of 10oC temperature.   e. 28o

c. A walk of 5km forward.   f. 46
 below zero.  

o

 
C above zero.  

1.1.6. Relationship Among  
Group work 1.2 
Discuss with your friends/Group  
 

The Venn diagram below shows the relationships between the set of 
Natural numbers, Whole numbers, Integers and Rational numbers.  
1. List three numbers that are rationals  
     but not integers.  
2. List three numbers that are integers  
     but not whole numbers.  
3. List three numbers that are integers  
    but not natural numbers.  
4. What relations have you observed  
     between the sets of natural numbers,  
     whole numbers, integers and  
      rational numbers.   
 
 
 
 
 
 
 
 
 

5. What is the intersection of the set of integers and rational numbers? 
6. What is the union of the set of whole numbers and the set of rational 

numbers.  
 

 

Figure 1.10  
 

 

Rational numbers 

Integers  
…,-3,-2, -1  
Whole 
numbers 0 

Natural 
numbers  
1, 2, 3, … 

0.54 1.28 
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In Figure 1.10 above, we will see the following facts listed as follows:  
 
 
 
 

 

 

 

 
 
 
 
1.1.7. Opposite of a Rational Number 

 

Activity1.4 
 

Discuss with your teacher orally  
 

1. Find the opposite of each integer given below.  
      a. 70                       b.  -23              c. -170                d. 0  
2. Can you give the opposite of each rational number given below?   

                        c.                  e. 4.5                g. 3  
 

                        d. -4.5              f. -0.6 
 

Each point on the number line has another point opposite to it with respect to the 
point corresponding  to zero. The numbers corresponding to these two points are 
called opposites of each other. A number and its opposite are always found at 
the same distance from zero as shown in Figure 1.11 below.  
 

 

 

 

 

 

Note: The set of whole numbers includes the natural numbers. Therefore, 
every natural number is also a whole number.  

 The set of integers includes the set of whole numbers. Therefore, every 
whole number is also an integer.  

 The set of rational numbers includes the set of integers. Therefore, every 
integers is also a rational number.   

 The relationship among the elements of  natural numbers, whole 
numbers, integers and rational numbers is shown in   Figure 1.10 above.  

 The set of whole numbers is a subset of the set of integers and the set of 
integers is the subset of  the set of rational numbers or . 

 

                     -8    -7    -6     -5     -4  -3     -2   -1     0    1     2     3    4      5          6      7      8 

Figure 1.11  opposite numbers 
 

  

Opposite 
Opposite 
Opposite 
Opposite 
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From the above discussion, we define opposite of rational numbers as follows:  
 

 

 

 

 

 
 

 

 

 

 

 
 

Example 10.  Find the opposite of each integer given below.   
A.   a.  -10                        b. -15                    c. 60                 d. 25         
B.  

Solution:    
a. -10 is the opposite of 10                       c. 60 is the opposite of -60 
b. -15 is the opposite of 15                       d. 25 is the opposite of -25  
 

 
 
 

 

Example 11.  Find the opposite of 8 with the help of a number line.    

Solution:  First draw a number line and start from the origin move 8 units to 
the positive direction, next start from the origin and move 8 units to 
the left.  

 
 
 
 
 

 Definition 1.3: Two rational numbers  whose corresponding points  on the 
number line that are found at the same distance from the 
origin but on opposite sides of the origin are called opposite 
numbers.  

Note:  i)  As a special case, we will agree that 0 is its own opposite.  
       ii) In general the opposite of a rational number ‘a’ is denoted by ‘-a’. 

Thus the opposite of –a is –(-a) = a, a ≠ 0.   
       iii) Every rational number has an opposite. 

       
 

Note: On the number line the points corresponding to  the integers in each 
pair above are found on opposite sides but the same distance from the 
origin. 

        
       

 

 

Figure 1.12  number line 
 

8 units  8 units  

-8 -7 -6 -5 -4 -2 -3 0 -1 1 2 3 4 5 6 7 8 



 1 Rational Numbers 
 

      15 

Hence the opposite of 8 is -8.  
 
 
 
 
 
 
 

Example 12.  Find the opposite of each rational number.     
a.   a. If a = 65, then –a = -65, is the opposite of a.  

b.   b. If a = , then –a = , is the opposite of a.  

c.   c. If a = -75, then –a = -(-75) = 75, is the opposite of a.  

d.   d. If a =  then –a = , the opposite of a.         

e.   
 
 
 
 

Exercise 1B 
 

1. Which of the following statements are true and which are false? 

a.                        d. -                g. -0.67            j. -5   

b. -70                     e. 0                  h. -3.25              k. 0.668    
c. 0                         f. 0.5                 i. 0.2  +

2. Which of the following statements are true and which are false?  
    

a.                  d.                g.              j.  
b.                  e.               h.              k.  
c.                  f.               i.  

3. Find the opposite of each rational numbers.   

a. 0.823                         d.  3                                  g.  8.797 

b. -26.72                        e.                                      h.  20  

c. -24.278                      f.                                 i.  36  

Note:  Properties of Opposites  
i) If a is positive, then its opposite – a is  negative. 

ii) Number zero is the opposite of itself.  
iii)  If a is negative, then its opposite +a is positive.  

 
        

       
 

Note:  
23
12

23
12

23
12

−=
−

=
− are different  representations of the same 

number that is the opposite of .
23
12  

        
       

 



1 Rational Numbers  
 

16           

4. Determine the value of x.  
a. x = -(-28)                                        c. –x = 0  

b. –x = 3                                            d. –x = -(-70)  
5. Write a number, the opposite of which is  

a. Positive                 b. Negative                   c. neither positive nor negative     

Challenge Problem  
6. Use your own Venn diagrams to show all the possible relationhips among , 

 and  . 
 

1.1.8. The Absolute Value of a Rational Number  

Activity 1.5 
Write each of the following with out the absolute value sign:  

      a)  |8|                      b) |-8|                  c) |0|                   d)    
 

The absolute value of a rational number can be defined as the  distance from 
zero on the number line. The symbol for the absolute value of a number ‘x’ is |x|. 
Since points coprreponding to  12 and -12 are at the same distance from  the 

points corresponding to 0, we have, - . 
    
  

 
 
 

 

From the above discussion we have the following true or valid statements.   
a) If x is a positive number, then  = x.  

 

Example 13.   a) = 5 since the absolute value of a positive rational number 
is the number itself.  

b) = 0   since the absolute value of zero is zero.  

c)   If x is a negative number, then x− = -(-x) = x.  
 

Figure 1.13 Number line 
 

 

0 -12 12 

 −12= 12 
 

12= 12 
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Example 14:   5−  = 5, since the absolute value of a negative rational number    

is the opposite of the number.  
 
 
 
 
 

 
 
 
 
 
 
 
 

Example 15.  Simplifying each of the following absolute value expression. 
a) 27 −                    b)  105 −

                   
c)     π0−   

 

Solution: 
a) since 7-2 = 5 and 5> 0, we have 27 −

 
= 5

  
= 5. 

b) Since 5 – 10 = -5 and – 5 < 0, we have 105− = 5− = - ( -5) = 5. 
c) Since 0-π =   -π and -π < 0, we have | 0- π| = |- π | = - (-π ) = π.  
 

 

Equations Involving Absolute Value  
Geometrically the expression  x = 3 means that the point with coordinate x is 3 

units form 0 on the number line. Obviously the number line contains two points 
that are 3 units from the origin. One to the right of  the origin and the other to the 
left. Thus  x = 3 has two solution x = 3 and x = -3.  

 
 
 
 
 
 
 

Note: = 12 is read as “the absolute value of (positive) twelve is 
twelve”. = 12 is read as “the absolute value of (negative) 
twelve is twelve”.  

 

Note:  The solution of the equation = a 
     For any rational number a, the equation |x| = a has  

i. two solutions x = a and x = -a if a > 0 . 
ii. one solution, x = 0 if a = 0 and  
iii. no solution, if a < 0.  

 
 

Definition 1.4:  The absolute value of a rational number ‘x’ is denoted by the 
symbol | x | and defined by: 

x if x > 0 
0 if x = 0 
-x if x < 0 

 

        = 
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Example 16.  Solve the following absolute value equations.  

a) x  = 5                                  b)  x = -70    
 

Solution: 
a)  x = 5 

If  x = 5, then x = 5 or -5  
      Therefore,  the Solution set or S.S= {-5, 5}. 
b)  x = -70  

  The absolute value of a number can not be negative, hence  the solution 
set is empty set or S.S={ }. 

 

Exercise 1C 

1. Copy and complete table 1.1 below.   
 

x 8 
2
1−  

2
32  

7
65−  -9     

2
9  2.6 -3.7 

 x       0 5.6 0.92 11    
 

 

2. Find all rational numbers whose absolute values are given below.  

a) 3.5 b)              
5
3

8  c)  
5
2          d) 4

6
1               e) 3.8               f) 0  

3. Evaluate each of the following expression.  
a)  1131  7 −+−  

b)  5  7 18 +−−−  

c)  9)(9 −+
                                                                      

 

d)  54 −  

e)  103+−  

f)  303 +  

g)  3 10 4 −−−+  

h)  2125  3- −+  
 

4. Evaluate each expression.  

a) 2-6x + |x – 3|, when x = -3          d) y   x − When y = -7 and x = 3 

b)   m -m +3, when m = 
2
1

                  
( )y-9  e)  × ( -1)  when y = -5 

c)  x + y  when x = -3 and y = -1         f) -2  7- x ,  when x = -3  
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1. Is there any integer between n and n+1, where n ∈ ? 
2. Is there any whole number between n and n + 1 where n ∈ ? 
3. Arrange the following integers in ascending order:  
     -70 , - 10,    0,    52 ,  43    , 65  ,  34  
4.  Arrange the following integers in a descending order:  
      -5 , - 10 ,  0, 16, 70, 100   
5.  Name all integers which lie between: 

a) -5 and 2                            c) 0 and 3 
b) -2 and 10                          d) 2 and 5  

6. Insert >, = or < to express the corresponding relationship between 
the following pairs of intigers.  

a) 0 ______  500                      d)  ____   

b) 3 ______ - 100                     e) 50 ____1023 

c) _____ 
                     f) -120 ____-120

 

 
 

5. Solve the following absolute value equations. 

a)   x = 2
5
3  

b)  x = 2.35 

     d) 2| x-5| +7 =14 

          324x     e) =  

c)  1-2  2 x + =6                                                           4- x   f) =7 

Challenge Problems  
6. Solve the following absolute value equations.  

a) 
5
2312x -8 =  

272 102x 3b) =++−   
 

1.2 Comparing and Ordering Rational Numbers  
 

Group work 1.3 
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The concept “Less than” for rational numbers is similar to that of integers. 
Recall that for integers, the smaller of two numbers was to the left of the larger 

on the number line. As shown in Figure 1.14 below 
5
6−  lies to the left of 

5
1−  and  

5
1    lies to the left of 

5
6 .  Therefore;  

5
1

5
6 −
<

−   and .
5
6

5
1
<

 
 
 
 

Figure 1.14 Number line 
 

All of these fractions have the same denominator, 5 it follows that  
-6 < - 1 and 1 < 6.  
 

Example 17.  Consider the number line given in Figure 1.15 below.   
 
 

Figure 1.15 Number line 
 

As shown in the above number line -5 is to the left of -2;  
2
9−   is to the left of 

;
2
7−  

2
5−   is to the left of 

2
1;

2
1−    is to the left of 2; and

2
7   is  to the left of 5. 

There fore   - 5 < -2, ,
2
1

2
5,

2
7

2
9 −

<
−−

<
− 5.

2
7  and  2

2
1

<<
 

       
 
 
 

 

Example 18.  Compare the following pair of numbers.  

a) – 5 and 5                 c)  
7
23 and   

7
52

               
 

b) -2.5 and -3.5                 d)  
9
5 2  and   

3
23

 
 

Note:  For any two different rational numbers  whose corresponding 
points are marked on the number line, the one located to the left 
is smaller.  

 
 

-7 -6 -5 -4 -3 -2 5
6−  
-1 5

1−  0 1 2 3 4 5 6 7 

 

2
11

 

                                -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 5 6 7 8 
2
15−  2

11−  
2
9−  

2
7−  

2
5−  

2
1−  

2
1

 
2
5  

2
7  4 

2
9

 
2

13

 
2

15  
2
13−

 
2

17  
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Solution: 
a) -5   <   5            c) 

7
2

3     
7
5

2 <  
                     

 

b)  - 2.5  >   - 3.5              
9
5

2    
3
2

3  d) >
 

 

Example 19.  Draw a number line and represent the following equivalent 
rational numbers on a number line.  

a)                                               b)  
 

Solution:  a) All   have the same point therefore,  
 
 
 
 
 
 

Figure 1.16 Number line 
 

       b) All point    that corresponding       

to   therefore  

 
 
 
 
 

Figure 1.17 Number line 
 

 

From the above fact, it follows that:  
 Every positive rational number is greater than Zero. 
 Every negative rational number is less than Zero. 
 Every positive rational number is greater than every negative rational 

number. 
 Among two negative rational numbers, the one with the largest absolute 

value is smaller than the other.  
For example, -76 < -7 because  -76 > -7. 

-3 -2 -1 0 1 2 3 

 

-3 -2 -1 0 1 2 3 

 



1 Rational Numbers  
 

22           

 
 
 

 
 

Example 20... 
4
7 and 1.6 1.5, 1.25, 1.2, −

−−−− are between -2 and -1.
 

 
 
 
 
 

Example 21.  a) 18.  26 because
7
18

7
26

−<−
−

<
−    c) 1 11.5   because  

3
52

3
2

<<
 

             b)  45.    39   because
17
45

17
39

<<            
 

 To test whether  
3
2  is less than ,

4
3 we change 

3
2   and 

4
3 to equivalent 

fractions  (fractions with the same denominator). 

     
12
9

34
33

4
3 and 

12
8  

43
42

3
2

=
×
×

==
×
×

=  , then by comparing 
12
9and

12
8 , i.e, 

12
9

12
8
<

 
    Therefore,   

4
3

3
2
<    (because 2×4 = 8 < 9 = 3×3).  

   This example suggests the following definition:  
 
 
 
 
 
 
 
 

Example 22.    a)  
8

10
9
6
<  because 6 × 8 < 9× 10 that is 48 < 90.  

                           b) 
8
2

10
8
<

−   because - 8× 8 < 10 × 2 that is – 64 < 20.  

                           c)  
7
6

3
4
>     because 4× 7 > 3 × 6 that is 28 > 18.  

Note:  In the system of rational numbers, there are many rational 
numbers between any two rational numbers.  

 
 
 

Definition 1.5:  (ordering similar fraction)  

 Let  and  be any fractions with c > 0, then  if and only if a < b. 
 

 

Definition 1.6:   ordering dissimilar fractions  

If  
q
p and  

s
r are rational numbers expressed with positive denominators, 

then 
s
r    

q
p
<  if and only if ps < q r. 

 
 

 



 1 Rational Numbers 
 

      23 

From the above fact, it follows that:  
i. Relations Among Numbers:  

If a and b represent rational numbers, then one and only  one of these 
relations can be true: 
 a is equal to b or  a is less than b or a is greater than b or  
 a = b  or  a <  b or a > b. 

ii. If   a ≠ b, then a <  b or a > b.  
 

Exercise 1D 
1. Which of the following statements are true and which are false.  

a) -3  2.8
2
1

−<  

b) 
7
2

7
10 −

=
−  

c) 
5
1 0.2 =  

4
1

4
3 d) >  

e) 8.6 8.6 >−  

f) 
5
6

8
5
<  

g) 
5

13
5
32 >  

2
5

2
5 h) <

−
 

1
3
1

3
2  i) =

−
+  

      3
4

3
7  j) <

−  

     
4
3

3
2   k) −
>

 

2. Insert ( >, = or < ) to express the corresponding relationship between the 
following pair of numbers. 

a) 
30
6_____

30
8  ___70 70   e) −  700___  700    i) −  

6
8____

18
24   b) −−

 2
1____0.5-   f) −  j)  27 – 3         6 

3
8

4
15 ____   c)

 

g) -0.92 ___ - 0.89 
 

k) 20 + 6       50 +   30 

 

5
2

1
3
2

3 _____   d)  
0.75_____

4
3     h) −
−

 
 

 

3. From each pair of numbers below which number is to the right of the other?  
a) 25, 7 

b) 
8
6,

5
3  

c) 3
7
12,

3
2  

d) 
5
3,

8
5 −  

e) -5 , 
2

15  

f) 2.1,
2
1
−  

4. Abebe, Almaz and Hailu played Basket balls. The results are shown  
in table 1.2 . 
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 First Play Second play Final result 
Abebe Loss 5 Basket balls Won 7 Basket balls  
Almaz Won 6 Basket balls Loss 6 Basket balls 0 
Hailu Loss 3 Basket balls Loss 2 Basket balls  

 
 

Complete  in  table 1.2. Who was the winner? Who was the looser of the 
competition?  

5. The five integers x, y, z, n and m are represented on the number line below.  
 
 

Figure 1.18 Number line 
 

Using < or > fill in the blank  spaces.  
a) z _______ x                 c) n _______ y 
b)  m ______ x                 d) z _______ n 

 

6. a, b, c, d, e, f are natural numbers represented on a number line as follows:                                
 
 

Figure 1.19 Number line 
 

    Copy and complete by writing  > or <. 
a) a_____ b              c)  b       c            e)  d ____ a____ e 
b)  a       c          d) d          c     

7. x is a natural number such that x < 10  
a) List the possible values of x. 
b)  Represent the possible values of   x on a number line.  

 
8. Put the numbers in the cloud in 

order. Start with  
a. Descending order.  
b. Ascending order.  

 
 

 

Figure 1.18  
 

Figure 1.20   numbers in the cloud  
 

 

234 
-9000 
-2000 

614 
 
469 

23 
 
93 

 
56 
7 

0          y          z          m         x         n 

f          e            c          a           b         d 
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1. Draw a number line to show how to find the sum of each of the 
following rational numbers.  
a) 6+5 
b) 14+1  
c) 5+2+7 

d) 9+5 
e) -10 +2 
f)  -14+8 

 

 

i. 7+10 

2. Write each sum as a fraction or mixed number.  

     a)               b)           c)    
3. Give (or approximate) the numbers represented by the letters on the 

number line below. 
 
 
 

 

Figure 1.21 number line  
 

 
4. Indicate the positions of the points corresponding to the  numbers           

-2, -5, 0 and 3 on a number line.  
5. Find the following sums. Give your answer in simplest form.  

a)  

b)  

c)  

d)  
 

e) 
 

f) 
 

 
 

1.3. Operation on Rational Numbers  
1.3.1. Addition of Rational Numbers  

Group work 1.4 

 

1.3.1.1   The Sum of Two Numbers of the Same Sign  

 You can picture the addition of two numbers on a number line by three arrows: 
an arrow for each addend and an arrow for the sum.  
 The first arrow starts at the origin.  
 The second arrow starts where the first arrow ends.  
 The arrow for the sum starts where the first arrow starts and ends where 

the second arrow ends.  

    G                    A                    B            C            D             E            F       

-7    -6    -5    -4    -3    -2    -1     0     1    2      3     4     5      6     7 
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The arrows in the number line below show an addition in which both addends 
are positive:2+3 = 5. 
 

 
 
 
 

 
Since the addends and their sum are positive, all three of the arrows are directed 
to the right. This suggests the following properties.  
 
 
 
 
 

 
 
 
 
 
 
 

Example 23.    Find the sum of 2.8 + 4.6. 
 

Solution: 
 

The length of the arrow for the sum is 2.8 + 4.6 or 7.4 Since both addends 
are positive, the sum is positive. Hence 2.8 + 4.6 = 7.4.  

    The number line below shows an addition in which both addends are negative:  
– 3 + (-1) = - 4.  

 
 
 
 

 
Since the addends and their sum are negative, all the three  arrows are directed to 
the left.  
 
 
 
Example 24.    Find the sum of -2.8 and -3.5. 
 
 

Note:  The sum of two positive numbers is a positive number.  
 
 
 

Note:  The sum of two negative numbers is a negative number.  
 
 
 

Figure 1.23 Number line  
 

Figure 1.22 Number line 
 

-1                 -3 

-5           -4             -3           -2           -1             0             1       

-3 + (-1) = -4 

-1            0             1              2            3             4             5       

2 + 3 = 5 
2                  3 
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Solution: 
The length of the arrow for the sum is 2.8 + 3.5 or 6.3. Since each of the 
addends is negative, the sum   is negative. Therefore -2.8+(-3.5)= -6.3. 
 

1.3.1.2 The sum of Two Numbers of Opposite Sign  
i) When the addend with the longer arrow is positive, the sum is positive. 

  ii) When the addend with the longer arrow is negative, the sum is negative.  
 iii) When the addends have arrows of equal length the sum is 0.  

 

Example 25.    Draw a number line and find the sum by arrow  addition.  
a) 5.5 + ( -3.2)                    b) -5+ 3        c) 3 + ( -3) 

 

Solution: 
 
 

a.  
 
 
 
 

b.  
 
 
 

c.  
 
 
 

The brackets for the second addend if it is negative are used for clear distinction 
between the positive operation sign (“+”) and the sign for the negative rational 
number ( “ −”) for negative.  
 

If the negative rational number is placed  as the first addend, its sign cannot be 
mixed up with operation sign for subtraction.  
 

  

3 0 

Figure 1.24 number lines  
 

3 
-3 

3 + (-3) = 0 

3 

-5 

-5 + 3 = -2 

-6 -5 -4 -3 -2 -1 0 

0 -1 -2 -3 -4 1 2 3 4 

5.5 + (-3.2) = 2.3 -3.2 

5.5 

-1 1 2 4 5 5.5 6 7 
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Exercise 1E 
 

1. Write the sum.  
a) 8.2 + ( -3.2) 
b) 28+(-36) 
c) 7.4 + (-2.8)  
d) -248+236 
 

e) 42 + ( -54) 
f) 0+ (- 9.6) 
g) 8+ (-96) 

 

 h) - 10. 25 + 6. 54 
 i) -  

 j)  
 

2. a)  Find two rational numbers whose sum is – 10, 0 and 15.  
b) Find four rational numbers whose sum is 30, - 28,  and 70. 

3. Simplify each of the following addition.  
a) x + ( -x) + r                          d) 20 + (-6x) + 6x+ ( - 20) 
b) 2m + 3m + (-6m)                  e) -2d + ( - 70a) + 3d 

c) 2m + (-2m) + 4m                  f) 6x + 





 −+






 −

2
24

2
12 xx  

4. On a number line add the following by using arrows.  
a) 5+ (-2) 
b) – 6+4 

c) 2+ (-3) 
d) 4+ (-4) 

e) 3 + (-5) 
 

 

In each of Exercise 5 and 6, state the first addend, the second addend and the 
sum by writing the resulting equation. 

 

5.     
 
 
 
 

 
 
 
 
6.  
 
 
 
 

Figure 1.25 number line  
 

 -13 -12 -11  -10  -9   -8    -7    -6    -5    -4    -3   -2     -1     0     1                                                                                                     

-5 + (-4) = -9 

-4 -5 

-8 

Figure 1.26 number line  
 

      -26          -22          -18        -14         -10          -6           -2     0                                                                                                           

-12 + (-8) = -20 

-12 
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7. In  Figure 1.27 below, state the value of the missing addend (d). 
 

 
 
 
 

 

8. Atnafu was playing a two round game in which he could gain or lose points. 
During the first round he lost 28 points. During the second round he gained 10 
points. What was his net score at the end of the game?  

 

Challenge Problems  
9. Find the two natural numbers whose sum is 30, where one of the numbers is 

five times the other.  
10. If 4x + 8x + 12x + 16x = 5 + 10 + 30 + 40, then what is the value of x?  

 

1.3.1.3  Rules for the Addition of Rational Numbers  

  Now you are going to discover some efficient rules for adding any two 
rational numbers. Since you know how to add any positive rational numbers 
and you also know result you get when you add zero to any rational number. 
You will  concentrate now on two rules:  

 
 

 
 
 
 
Example 26.    Perform the following addition: 

a) -5 + (-7)                             

b)  





 −+

−
8
3

2
3  

Rule 1:  To find the sum of rational numbers where both are negative:  
i) Decide (put) the sign first. 
ii) Take the sum of the absolute values of the addend.  
iii)  Put the sign infront of the sum. 

 
 
 

Figure 1.27 number line  
 

-2           d 

 -7   -6     -5    -4    -3    -2    -1     0    1     2      3     4      5    6       7                                                                                                     

3 
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Solution:        a) -5 + (- 7)              b)  





 −+

−
8
3

2
3

 
                              i) sing ( - )                                           i) sing (-) 
                     ii) Absolute value: 5+ 7 = 12               ii) Absolute value 

8
15

8
3

2
3

=+   

                       Hence: – 5 + (-7) = - 12              Hence 
8
15

8
3

2
3 −

=





 −+

−  

 
 
 
 
 
 

 
 

Example 27.    Perform the following addition: 

a) – 5+ 9                                b) 





+






 −

2
5 

2
11  

Solution:    a) – 5 + 9 
              i) Sign (+) --- due to   5 9 −>  
             ii) Difference of absolute values: 9- 5 = 4 
                 Hence – 5 + 9 = 4  

b) i) sign ( - ) --- due to  





>






 −

2
5 

2
11  

ii) Difference of absolute value:   
            3

2
6

2
5

2
11

−=
−

=−  

      Hence: 3
2
6

2
511

2
5

2
11

−=
−

=
+−

=+
−

 
 
 

Exercise 1F 
 

1. Write the Sum.  

a)    c )  





 −+

−
13

3
6
5                  e)  

8
5

 
4
3
+

−  
 

 

b)    d)  26
 

)09.0(
5
1

−+
             

f)  125 + (-75)  

Rule 2:  To find the sum when  the signs of the addends are different  
                (or adding a negative and positive) rational numbers as follows:  

i) Take the sign of the addend with the greater absolute value. 
ii) Take the absolute values of both numbers and subtract the 

addend with smaller absolute value from the addend with greater 
absolute value.  

iii)  Put the sign infront of the difference.  
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2. Solve  for the value of x and y.  

a) 13 x + 10 = 60                            d)
 

2
6
x

8
x

=+  

b)  3x – 7 ( 2x – 13 ) = 3 ( -2x +9)   e) -628 + 327 = y 
c)  8+ y = 9      f)  3x +y = 10 when y = 2 

 3. Evaluate each expression for the given values of x and y. 

      a) 18 + 
3
218 8,for x  

2
x

−=
    

c) x + 25 3,0.for x
2
9

−=





 −  

      b) y + 2.6,
3
4yfor   

8
5

−=





 −

 
          

       

1.3.1.4  Properties of Addition of Rational Numbers  

The following properties of addition hold true for any rational numbers.     
For any rational numbers a, b and c  
 

a) Commutative property for addition:  a+ b = b+ a  

Example:  5+10 = 10 +5  

            
7
1

8
9

8
9

7
1

+=+
 

b) Associative property for Addition: a+ ( b+ c) = ( a+ b) + c  

Example:    3 + (11 + 5) = (3 +11) +5 

5
6

5
2

5
3

5
6

5
2

5
3

+





 +=






 ++

 
 

c) Properties of 0 
a + 0 = a  
Example      30 + 0 = 30  

                
5
30

5
3

=+
 

d) Property of opposites: a+ ( -a )  = 0 
 

 

Example 28.  Use the associative and commutative properties of addition to 
simplify these additions.  
a) 53 + 28 + 47                          b) 576 + 637 + 424 + 863  
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 Solution:          
a) 53 + 28 + 47  

= (53 + 28 ) + 47 ---- Associative property  
= (28 + 53) + 47 ---- Commutative property  
= 28+ (53 + 47) ----- Associative property  
= 28 + 100 
= 128 --- Addition Operation  

b) 576 + 637 + 424 + 863  
= 576 + (637 + 424) + 863 ----- Associative property  
= 576 + (424 + 637) + 863 ---- Commutative property  
= (576 + 424) + (637 +863) --- Associative property  
= 1000 + 1500 = 2500 ---- Addition operation  

 

 

Exercise 1G 
1. Copy and complete the following table 1.3 below: 

a b c a+ b b +a (a + b) + c a+ (b+c) 
6 -8 14     

-2.3 -5.6 9.6     
¾ -5/7 -2.5     

  

What do you understand from this table?   
2. Use the commutative and associative properties to simplify the steps of 

addition of the following. Mention the property you used in each step.  
a) 34 + 48+ 66                       d) 572+324+176+447+428+253 
b)  218 + 125+782+375         e) 3.7+5.8+0.8+0.9 

c) 59+42+41+36                    f) 3.9 + 0.8+0.66+3
2
5  

 

1.3.2 Subtraction of Rational Numbers 

Activity 1.6  
1. Find the differences - .  
2. Find each of the following differences.  
a) 1          b)               c) 1          d) -2             
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 Under this sub topic you will see that subtraction of any rational numbers can 
be explained as the inverse of addition. You may define subtraction as 
follows:  
 

Subtraction 
 For any numbers a, b and c , a – b = c, if and only if c + b = a.  
 c or a – b is the difference obtained by subtracting b from a,  a- b is 

read “a minus b”.  
  The operation of subtraction is denoted by “-”. 

 

 Example 29.    Find the given difference:   

a) 5 – 12                       b) 





 −−

−
4
13

2
9  

Solution:           
a) Let 5 – 12 = y, then the value of “ y” has to satisfy  y + 12 = 5  

Therefore, y = -7 because – 7 + 12 = 5.  

b) Let 
2
9

4
13-satisfy x   tohasx"" of  value then thex,

4
13

2
9 −

=





+=






 −−

−  

   Therefore, x = .
2
9

4
13

4
5

4
5 because −

=





 −+

−−

 
Based  on the  above information, you  can formulate the following property for 
subtraction of rational numbers.  

 
 

 
 

                                      
                                                
 
 
 
 
 
 

Note:   i)  the difference of two rational numbers is always a rational 
number.   

 ii) addition and subtraction are inverse operations of each other in 
rational numbers.  

 
 
 

Property:   
 
 
 

For any numbers a and b, a – b =  a+ (- b) 

 Subtract            add the opposite 
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Example 30.    Find the difference by first expressing it as a sum  
a) – 7 – ( - 6)                    b) 28 – 7  

 

Solution:    a) -7 -  (-6) = -7 + (-(-6)) = -7 + 6 = -1 
b) 28 – 7 = 28 + ( -7 ) = 21 or 28- 7 = 21----With out using the rule.  

 

Exercise 1H 
1. Find each of the following differences.  

 

a) 18 





 −−

4
3

10
9

     82.5- 82.5   d) −−   7- g)`12−  

b) – 5 
6
1

12
3
1
−

     
 

c) – 0. 5 – ( -0.2)
                                                               

 

  6.5  10   e) −                 
 
 
 f)   6-   -8                               

 h) |15  | − 2.4 
 







 −−

−
4
7

4
3  i)  

 

2. Copy and complete in table 1.4 below.  
a 2 -10 0 14 28 2.8 
b -6 -8 -12 10   
a +b     40 3.8 
a-b        

 
 

3. Evaluate each expression:  
a) 4( 1+x) , When x = 2   d) 2  − ( 4- t) when t = 1 
b) x – ( 3 −8) +4 When x = 10  e) 12 – ( −x) -5, when x = -2 
c)  – x− ( 7+6) +2 When x = 9   f) -9− ( -13) – p When p = -7  
 

4. Show the difference 5- 2 = 5 + ( -2  ) on a number line.  
 

1.3.3. Multiplication of Rational Numbers  

Activity 1.7  

1. Multiply 

7
2

5
4  a) ×

             9
4

8
7   c) −
×

−

 

11
5

7
3   b) ×

           6
15

7
2 4  d) ×  

e)       













 −××

3
4

15
4

16
5   g)  







 ×
−

×
−

62
2

7
16

32
31   f)              
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When you multiply rational numbers use the following fact.    
 

 
 

 
 
 

Example 31.   Find the product 2× ( -3) by using a number line.  
 

Solution:            
 

 

 

Therefore, 2× ( -3) = -6 
Figure 1.28 Number line  

 
 
 
 
 
 
 

Example 32.    Find the product:  
a) -3× 5                                      b) 






 −×

7
5

8
3  

 Solution:            
a) -3×5 

 i)  Sign ( - ) 
ii) multiply Absolute value or  

 =  ( 3× 5) 
                        =  15 

    Hence, -3× 5 = - 15 

b) 





 −×

7
5

8
3  

i)  Sign ( - ) 

ii) 






 −
×=

7
5

8
3or lueAbsoluteva

 

                              






×=

7
5

8
3 

 

                             56
15−

= 
 

  
Hence,

56
15

7
5

8
3  −

=






 −×
 

 

Note:   You can find the product of two rational numbers with different 
signs in three steps:  
i. Decide the sign of the product, it is “ - ”. 

ii. Take the product of the absolute value of the numbers.  
iii.  Put the sign infront  of the product.  

 
 
 

Note:    The product of a negative rational number and a positive 
rational number is a negative rational number. 

 
 

-3                 -3 

          -7    -6    -5   -4    -3    -2     -1     0    1     2         

2 ×(-3) = -6 
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Example 33.    Multiply  





−×−

4
13

7
24

 
 

Solution:  First note that the product is positive, then work out with positive 
numbers only.  

 4 
14
1313   or  

14
195

4
13

7
30

4
13

7
2

=×=×
 

 Since the product is positive  -4
14
13

13
4
1

3
7
2

=





−×

 
 
 
 
 

 
 

 Example 34.   Find the product:  

a) 





 −×

−
11

5
7
3  

Solution:         
  







 −×

−
11

5
7
3

   a)
 

  i)  sign ( + )  

11
5

7
3

11
5

7
3

   ii)
−

×
−

=





 −×

−

 

                                             11
5

7
3

 ×=
 

                                             117
53

 
×
×

=
 

                                              77
15

 =
                   

              77
15

11
5

7
3

    =





 −×

−
 Hence

 

b) – 4.8 × ( -7.8) 
 
 
 

b. – 4. 8 ×( -7.8) 
     i) sign ( +) 
    ii) -4.8 × (-7.8)  
         = 8.74.8- −×  

   = 4.8 × 7.8 
   = 37.44 
         

Note:   The product of two negative rational numbers is a positive 
rational number.  

 
 
 

Note:   You can find the product of two negative rational numbers in two 
steps:  
i) Decide the sign of the product, it is “ +”. 

 ii)    take the absolute values of the numbers and multiply them.  
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The following table 1.5  summarizes the facts about product of  rational  

numbers .  

The two factors The product Example 
Both  positive Positive 3×5 = 15 
Both negative Positive -3 × ( -5) = 15 
Of opposite sign  Negative -3× 5 = -15 
One or both 0 Zero -3× 0 = 0 

 

Exercise 1I 
1. Express each sum as product.  

a) 0+0+0 c) 5+5+5+5 e)   8+8+8+8 
b) 3+3+3+3        d)   6+6+6+6        f)   50+50+50 

2. Express each of the following products as a sum.  
a) 5×1 b) 4×0 c) 5× 5 d) 3×3 

3. 5 is added to a number. The result is multiplied by 4  and gave the product 
32. What was the original number? 

4. A number is added to 12. The result is multiplied by 5 and gave the product 
105. What was the original number? 

5. Adding 6 to a number and then multiplying the result by 7 gives 56. What is 
the number? 

6. Squaring a number and then multiplying the result by 4 gives 1 .What is the 
number? 

 

Challenge Problems  
7. Multiply  

a)                                  
 

1.3.3.1 Properties of Multiplication of Rational Numbers 

Activity 1.8  
 

Which of the following statements are true or false? 
 

a) 4 ( 3+ 2) = ( 4×3) + ( 4×2) 
b) 5  



1 Rational Numbers  
 

38           

c) 2× ( 10× 5) = ( 2×10) ×5 
d) 2  

e)  
 

The following properties of multiplication hold true for any rational numbers.  
For any rational numbers a, b and c:  
 

1. Commutative property for  multiplication: a × b = b × a 
Example:  5× 70 = 70 × 5 
                     

11
3

9
2

9
2

11
3

×=×
 

 

2. Associative property for multiplication: a × ( b× c) = (a×b) ×c 
Example:  5 × ( 7× 12 ) = ( 5× 7) × 12 
                 

5
8

5
7

5
3

5
8

5
7

5
3

×





 ×=






 ××

 
3. Distributive property of multiplication over addition:  

                   a  × (b + c) =  (a × b) + (a × c)  

Example:  5 × ( 7 + 16) = (5 × 7) + ( 5 × 16) 

                     





 ×+






 ×=






 +×

9
1

3
2

8
13

3
2

9
1

8
13

3
2

 
4. Properties of 0 and 1: a × 0 = 0,  a × 1 = a 

 Examples: 6 × 0 = 0 , 6 × 1 = 6  
 

 
 

Example 35.    Use the above property to find the following products.  

        11
6

7
3   a) ×  

                
1

6
52   b) ×   

             c) 4 ( 2+3)
  

      
 

d)  (0.67 × 0.8) ×0
 
 















 −××

−
3
4

15
2

16
3e)     







 ×
−

×
−

33
2

7
8

32
11   f)  

Solution:          

a) 
77
18

117
63

11
6

7
3

=
×
×

=×  

  6
171

6
171

6
52   b) =×=×

     
        c)   4 ( 2+3) = 4×2 +4×3 ---- Distributive property  

         = 8 + 12 
         = 20 
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                   d) ( 0. 67 × 0.8 ) × 0 = 0 ……. Property of zero      

             






×
−×

×
−

=













 −××

−
315
4)(2

16
3

3
4

15
2

16
3   e)  

             = 



−×

−
45

8
16

3
 

                     =  720
24

 

             
property  eAssociativ ---- 

33
2

7
8

32
11

33
2

7
8

32
11  f) ×














 −×

−
=






 ×
−

×
−  

              
   = 

33
2

732
811

×





×
×

 
                   = 

7392
176

33
2

224
88

=×
 

 

Example 36.  Simplify each of the following using the properties of rational 
numbers.  

a) 3x + 2 (7x + 5)   b) 3x – 7 ( 2x + 10)          c) 2(x + 2y) + 3y 
Solution:          

a) 3x + 2 ( 7x+5) = 3x + [ (2 × 7x) + (2 × 5)] --- Distributive property  
= 3x + [(2+7) x + 2 (5)] --- Associative property of multiplication  
 = 3x + [14x+10] --- Computation 
 = [3x + 14x] + 10 ---- Associative property of addition  
 = [3+ 14] x + 10 --- Distributive property  
 = 17x +10 --- Computation   

b) 3x – 7 ( 2x+10)  
= 3x + (-7)(2x + 10) 
= 3x + [-7(2x) + (-7)(10)] ….. Distributive property  
= [3x + -14x] + (-70) ….. Associative property  
= (3x – 14x) – 70 …. Computation  
= (3 – 14)x – 70 ….. Factor out x  
= -11x – 70 …. Computation  

c) 2 ( x + 2y) + 3y  
= 2x + 4y + 3y … Distributive property  

                  = 2x + (4y + 3y) … Associative property of addition  
                  = 2x + (4 +3) y … Distributive property  
                  = 2x + 7y … Computation  
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The following properties  can be helpful in simplifying products with three or 
more factors  

1. The product of an even number of negative factors is positive.  
2. The product of an odd number of negative factors is negative. 
3.  A product of rational number with  at least one factor 0 is zero. 
4. If you multiply a rational number ‘a’ by -1, then you get the opposite  of 

a, (i.e – a). Therefore, you can write -1 × a = -a.  
5. When you multiply a number by a variable, you can omit the 

multiplication sign and keep the number in front of the variable.   
 

Example 37.   Find the Products below:  

a) - 4 ×( -7) = 28                       d) -1×
2
5

2
5 −
=  

b) -7 ×  3 = -21                          e) a × 30 = 30 a ( but not a 30) 
c) -7× 0 = 0                                f) b

2
5b

2
5

=×  
  

Exercise 1J 
 

1. Simplify each of the following using the properties of rational numbers.  

a) -5 + 2 ( 3x + 40)                   e) 2x2 2
2

3y
2
4

+










− x +  

b) 5 ( x + y) +3 (2x +y)             f) -2x + 
2
x

2
4

+



− y  

c) 6 (x + 2y) + 2 ( 3x +y)          g) 0 + 102x
2
2x 2

2
++











−  

d) 4 (3+2 (x + 5) 
 
 

2. State the properties, in order that are used in these simplifications.  
a) 7x + 5x = ( 7+5)x    

               = 12 x    
b) 20x + 6x = (20 + 6)x    

               =  26 x   
c) 5a + 3b + 2a = 5a + ( 3b +2a)    

                     = 5a + (2a+ 3b)    
                     = (5a + 2a) + 3b   
                     = 7a + 3b    
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d) 4 [ 3+2 (x+5)] = 12 + 8 (x+5)    
                        = 12 + (8x + 40)    
                        = 12 + (40 + 8 x)    
                        = (12 +40) + 8x    
                        = 52 + 8x     

e) x  (x +3) +2 ( x+5) 
= x2 + x×3 + (2x + 10)    
= (x2 + 3x) + (2x + 10)    
= [x2+ (3x + 2x)] + 10    
= [x2 + (3+2) x] + 10     
= x2

f) – 5 + 2 ( 3x + 4) 
 + 5x + 10      

= -5 + [2 (3x) + 2 (4)] _________ 
= -5 + [6x + 8] ______________ 
= 6x + [-5+8] _______________ 
 = 6x + 3 ___________________ 

 

1.3.4 Division of Rational Numbers  

Activity 1.9  
 

Divide and write each answer in lowest terms.  

       8
5

7
3 a) ÷

                        
3
5

8
3       c) ÷

                        
6
1

8
3       e) ÷

 

        5
1

5
11 b) ÷

                       
5
49     d) ÷

                         
8
2

9
4      f) ÷

 

 

Multiplication and division are inverse operations of each other in the set of 
non- zero rational numbers. To divide 12 by 3 is to find a number, which  gives 
the product 12 when multiplied by 3. This number is 4. Thus 12÷3 = 4 because 
4×3 = 12. 
  The symbol ″÷″ denotes the operation of division and it is read as divided 

by so, 12÷ 3  is read as 12  divided by 3.  
  In the division 12÷ 3 = 4, 12 is called the dividend, 3 is called the divisor 

and 4 which is the result of the division is called the quotient.   
         You may define division as follows.  
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Division 

For any numbers a, b and c where b ≠ 0, a ÷ b = c, if and only if c× b = a.  
 c or a ÷ b is the quotient obtained by dividing a by b. 
  a ÷ b is read as a is divided by b.  
 In the division a ÷ b = c the number ‘a’ is called the dividend.  
 ‘b’ is called the divisor and ‘c’ is called quotient.  
  The  quotient a ÷ b is also denoted by  or a/b.  

Based on the above information, you can easily find out rules for the division of 
rational numbers analogous to those of multiplication.  
 
 
 
 
 
 
 
 
 
 
 

Example 38.     
     Look  at Table 1.6 below:  

 Problem Divisor and 
dividend 

Absolute value Quotient 

a 28÷4 Both positive ( + )  28 ÷4 = 7 7 
b -2.8 ÷ -0.2 Both negative ( - )   2.8 ÷0.2 = 14 14 
c -10÷2 One negative and 

one positive  
10÷2 = 5 -5 

d 4.8 ÷ (-4) One positive and one 
negative 

4.8 ÷4 = 1.2 -1.2 

e 0÷10 Dividend 0 0÷10= 0 0 
f 0÷(-10) Dividend 0 0÷10 = 0 0 

Rule: The rules for division of two rational numbers:  
1. To determine the sign of the quotient: 

a) If the sign of the dividend and the divisor are the same, the sign of 
the quotient is ( + ). 

b) If the sign of the dividend and the divisor are different, the sign of 
the quotient is ( - ).  

2. Determination of the values of the quotient:  
               Divide the absolute value of the dividend by the divisor.  
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Remember that, 
4
3 is the reciprocal of 

3
4 .       

Remember that, 
5
1 is the reciprocal of 5.  

Remember that, 
11

7− is the reciprocal of 
7
11−

. 
 

Dividing  a given rational number (the dividend) by another non- zero rational 
number (the divisor) means multiplying the dividend by the reciprocal of the 
divisor.  
 
 

 

 
  
 

Example 39.    Compute: a) 
7
5

10
9
÷             b) 

13
116÷−                 c) 2−÷

9
-7

 
 
Solution:    a) 

50
63

5
7    

10
9

7
5

10
9

=×=÷                    c) 
18
7

2
1   

9
72)(

9
7

=
−

×
−

=−÷
−     

                     b) 
11
78

11
13    6

13
116 −

=×−=÷−         
                         

 
  

Note: For any two rational numbers,   and   where b, c and d ≠ 0; 

              =    =   where   is the reciprocal of  

Note:   Division by zero is not defined under the set of rational numbers.  
 
 
 
 
 
 

 

For any  rational numbers a and b,  = a ÷ b (a, b ∈ , b ≠ 0)  

 
 
 
 

Figure 1.29 
 

 

CAUTION  is okay but  is 

not okay  
(undefined)! 
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Exercise 1k 
 

1. Divide  

a) 





 −÷

15
6

5
3  

b) 
14
3

7
4
÷

−  

c) 





 −÷

−
11

4
11

4  

d) 
8
11

16
5
÷

−  

e) 





 −÷−

21
168  

f) ( )7
15
14

−÷
−  

g)  
5
30÷  

h) 0
3
27

÷
−  

2. Compute  
a) 4. 6 ÷ (-6)                                    d) 90 × ( -8) + 100 ÷( -50) 
b) 12 × 4 ÷6× ( -8)                           e) – 0.2× ( -0.3) + (0. 8×(-0.7) 
c) 9 × (-8) ÷72(-2) 

3. Reduce to the lowest term if possible:  

  a) 
72
54−

 

b) 80
50
−

 

c) 
120
48

−
−

 

0)(b
b

b2a   d)
22

≠
−  

e) 245 ÷ 10 
f) 79.2 ÷ 10 

4. Solve the following equations. 

a) 2y × ( - 28) = 48                    c)  8y
2
1

−=
      

                   e) – 2x = 
10
0  

b) 3y ÷ ( -2) = 24                       d) 5x + 10 = - 30              
27

2x
3
2  f) −

=  

5. Simplify  
a) 






 −×






 ÷
−

7
3

35
9

5
18

                          9
16

3
24

3
21      c) ÷



 ×  

b) 





 −÷














 −×

−
14

9
7
5

25
12

                   






×






 ÷

9
57

4
36

16
15      d)  

 
 

Challenge Problems  

6. Find the quotient. Think of a simpler problem and use the pattern to solve the 

problem: . 

7. Does (56 ÷ 8) ÷ 2 equal 56 ÷ (8 ÷ 2)? Is division associative.  
8. Find the quotient of (8x2

 

 + 20xy) ÷ 4x.  
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Summary For Unit 1  
1. The sum and product of two whole numbers are always a whole 

number.   
2. The sum, difference and product of two or more integers are always  

 an integer.  
3. The set of rational numbers is defined as:  

    =    

4.  = +

5.   = +

  { 0 }  - 

6. The absolute value of a rational number X is denoted by the symbol |x| 
and defined as:  

  { 0}   - 

  /X/ =   
-

 

7. Subtraction of any rational number can be treated as the inverse 
operation of addition.  

8. The sum of two opposite rational numbers is 0.  
9. Rules of signs for Addition: 

Let a and b be  rational numbers:  
a) Negative plus negative equals negative:- a+(-b) = - ( a +b). 
b) Positive plus negative equals positive if a > b : a + (-b) = a- b is 

positive. 
c)  Positive plus negative  equals negative if a < b : a+ (-b) = - ( b- a) is 

negative. 
10. Rules of signs  for Multiplication  

Let a and b be   rational numbers: 
a) Positive times negative equals negative: a× (-b) = - (a×b). 
b) Negative times positive equals negative :– a × b = -  (a× b).  
c) Negative times negative equals positive -a× (-b) = a×b. 

11. Rules of signs for Division 
Let a and b be  rational numbers: 
a) Positive divided by  negative equals negative: a ÷ -b = - (a÷b). 
b) Negative divided by positive equals negative: -a ÷ b = - ( a ÷ b). 
c)  Negative divided by negative equals positive: – a ÷ (-b) = a ÷ b.  
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Miscellaneous Exercise 1  
 

1. Decide whether each of  the following is true or false. 
     a) 0 > - 100                           c) – 10, 000 > 10, 000  

 
     2.6 2.9-   e) >   

      

 10
0

2
13  b) <

                             
2.6  d) < 2.6  

          
 98.6 98.6   f) −=                

 
2. Evaluate: 

a) -4 ( 5 – ( 36 ÷4))                        c) 3 





 −+

8
7

5
1  

b) 10 – (5 – (4 – (8 - 2))
                






 −+

−
9
5

4
1   d)  

3. Simplify by combining Like terms.  
a) 3k – 2k                                                d) 2x2 + 5x – 4x2 + x – x2

b) 5x
   

2 – 10x – 8x2

c) – ( m +n) +2 ( m- 3n)                          f)  2 ( 5 +x ) + 4 ( 5+x) 
 + x                              e) ( 3x+y) + x  

4. Simplify each of  the following expression.  
a) 3x + 2 ( 7x +5)                          d) -7 ( -2 ( 3x+1) + 4 ) +9 
b) -5 + 2 (3x+4)                              e) 3x2 +2 ( 5x +3x2

c) -2 ( -3) + ( 4 ( -3) + 5 (2))           f) 

) 

2)(y
4
12)(y

8
3

−−+  

5. Find the simplified form of .







÷





 +÷








×





 +

12
6

4
3

5
2

4
1

3
1

2
1  

6.  Find the simplified form of .



 −

×÷



 ×
−

8
12

4
6

16
15

5
24  

7. Simplify the following expression.  

a) 





 ÷+







 −÷

2
3

2
1

2
1

3
4

3
1

4
1

8
1

                                      









 ÷÷×+

20
710

8
77

11
51

8
14

4
32 c)  

                        
 

b) 

















÷

−+

3
1

3
14

7
1

37
15

12
5

30
23

15
4

                           




 ++





 −

6
51

2
7

5
1

3
2

11
5

 d)  
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8. Solve each of  the following absolute value equations.  

 
12 4-2y      a) =

                     
015 1-4x   3   c) =−

      

       
7 23x       b) =+                                  10 152x    d) −=+                                              

             

  

.
xy

3yx
  find   then10, =  yand 6- =  xIf   9.

−

  
10.  Evaluate the following expression.  

10x      when11
2
x   a) =+

 

 b)  7x – 4y     when x = 10 and y = 
2
1  

 c)  3x2 + 6y2

.
9
7

18
n
=

  when x = 0 and y = 2 
 

11. Solve for n:  

12. In the expression 8÷ 2 = 4 the dividend is    ?    the divisor is    ?   and 
the quaint is    ?   

13.  Multiply 
 . 

a) 













+×














+

8
35

8
16

2
11

4
34

                       
 ( )



 −×
−

× 3.25
15
16

4
34   c)  

b) )17.84.2(3.17))((2.01 +−×−+                      d)  













 −××

3
4

15
4

16
5

 

14. Adding 3 to some number, then multiplying the result by 7 gives 28. 
What was the original number? 

15. Some number is added to itself. The result is multiplied by 5 and the 
product is 15. What was the number?  
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Introduction 
Based on your knowledge of working with variables and solving one step of 
linear equations and inequalities. You will learn more about solving linear 
equations and inequalities involving more than one steps. When you do this you 
will apply the rules of equivalent transformations of equations and inequalities 
appropriately.  
    
 

 

 

 

 

 

 

 

 

Unit outcomes: 

After completing this unit, you should be able to:   

 solve linear equations using transformation rules.   

 solve linear inequalities using transformation rules. 
 

222   
 

 

 

LLLIIINNNEEEAAARRR   

EEEQQQUUUAAATTTIIIOOONNNSSS   AAANNNDDD   

IIINNNEEEQQQUUUAAALLLIIITTTIIIEEESSS 
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2.1. Solving Linear Equations   
Group Work 2.1  
Discuss with your friends  
 

1. Explain each of the following key terms, and give your own example. 
     a. Term, like terms or similar terms. 
     b. Coefficient of a term.     d. Equation. 
     c. Algebraic expressions.    e. Equivalent equation. 
2. Give  examples of your own for: 
      a. like terms or similar term    c. equation 
      b. unlike terms      d. algebraic expressions  
3. What are the numerical coefficients of x3 and –y3

 

? 

 

 
 
 

 

Example 1:   2, 
2
3− , x, 3x, -4x2

 

 are called terms.  

Consider Group A and Group B 

 
  
 
 
 

In general how do you see the differences between Group A and Group B? 
Discuss the differences with your teacher orally. 

 
 
 
 
 
 
 

 
 

Group A 
5x and -20x 
-80a2b2

2
1−and  a2b2 

6x2 and 70x2 

Group B 
-10a2b2 and 12c2d2 

20xy and abcd 
5ab and 6xy 

Definition 2.1:  A constant (a number), a variable or product of a number 
and variable is called a term.   

 Definition 2.2:  Like terms or similar terms are terms whose variables 
and exponents of variables are exactly the same but differ 
only in their numerical coefficients.   

? 
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Example 2: Terms like -10a2, 170a2 and a2 are like terms. Because they have 
the same variables with equal exponents but differ only in their 
numerical coefficients.   

Example 3: Terms like -5ab and 7x2y2

 
 
 
 
Example 4:   In each of the following expression, determine the numerical 

coefficient.  

 are unlike terms. Because they do not 
have the same variables.   

a. 56b    b. 22ba
2
5−   c. xy

4
1−   d. –x

 

2 

Solution:   

a. The numerical coefficient of 56b is 56. 

b. The numerical coefficient of  22

2
5 ba−  is 

2
5−  . 

c. The numerical coefficient of  .
4
1isxy

4
1 −−    

d. The numerical coefficient of  -x2

 

 is -1.  

      Consider Group C and Group D  

 
  
 

  
Do you observe the differences between Group A and group B? Discuss 
the differences with your teacher. 

Group C 
2x - 3 
5y 
a + 2b + 3c 
2(+w) 

Group D 
2x – 3 = 10 
5y = 60 
a + 2b + 3c = 100 
P = 2(+w) 

Note: Terms that are not like terms are called unlike terms.  
 

 Definition 2.3:  In the product of a number and variable, the factor which is 
a numerical constant of a term is called a numerical coefficient.    

? 
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Example 5. Some examples of equations are:  

4010x
2
5a. =−

   
10

2
35x

2
13    c. =−

 

                    2
13104x   b. =+

   
5010xx

5
2x

2
1    d. =−+

 
 
   

 
 
 
 
 
   
Example 6. Some examples of algebraic expressions are:  

a. 2x-4   c.                 e. 215 

b.   d.                      f. 3x 

 

Exercise 2A 
 

1. State whether each of  the following is an equation or an algebraic 

expression. 

a. 2x+10=5x+60           c.  10+3.8= 14.78x-10   

b. 102 +x            d.   9x + 10=5x 

2. In each of the following expressions, determine the numerical coefficient. 

a. 4x
2
3   b. -3 2x

2
1   c. 22 yx

3
2−    d. 5x

7
2−  

  

Definition 2.4: An equation is a mathematical statement in which two algebraic 
expressions are joined by equality sign. Therefore, an equation 
must contain an equal sign,=.  

Note: Algebraic expressions have only one side.  
• Algebraic expressions are formed by using numbers, letters 

(variables) and the basic operations of addition, subtraction, 
multiplication, and division. 
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3. Identify whether  each pair of the following algebraic expressions are like 

terms or unlike terms. 

a. 5225 ab
2
5andba

5
3 −      c. -80abc and abc  

b. 3 22yx
6
53andxy

6
5      d.  a2b2c2d2 and a4b4c4d4

Challenge Problems 

  

4. 0.0056x+26=100x+3  is a linear equation. Explain the main reason with 

your partner.  
5. a5b5c5d5and -2(a5b5c5d5

 

) are like terms. State the reason with your teacher 
orally. 

2.1.1 Rules of Transformation for Equation 
The following are basic rules of equality (=) that are used to get equivalent 
equations in solving a given equation. 
 
 
 
 
 
 
 

Addition and subtraction properties of equality indicate that adding or 
subtracting the same quantity to each side of an equation results in an equivalent 
equation. This is true because if two quantities are increased or decreased by the 
same amount, then the resulting quantities will also be equal see Figure 2.1 
below.  
         
 
 
 
 

Rule 1:  For all rational numbers a, b and c 
a. If an equation a =b is true, then a + c = b + c is true for any 

rational number c. 
b. If an equation a =b is true, then a-c =b-c is true for any 

rational number c.  
 
 
 

a) 

 

60kg 60kg = 
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Figure 2.1 Balance 
 
 
 
 
 
 
 

To understand the multiplication property of equality, consider the following 
example. Suppose you start with a true equation such as 20=20. If both sides of 
an equations are multiplied by a constant such as 2 the result is also a true 
statement, see Figure 2.2 below.  
 
 
 
20 = 20        
2×20 = 2×20                        
40 = 40     
 
 
 
 
 
 
 

Figure 2.2 balance 

Rule 2:  For all rational numbers a, b and c where c ≠0, and 
a. If an equation a=b is true, then ac = bc is true for any rational 

number c. 
b. If an equation a=b is true, then 

c
b

c
a
=  is true for any rational 

number c.  
 
 
 

 

20kg  20kg 
= 
 

a) 

 

b) 

20kg
 

 

 

 

 

 

2×20kg 2×20kg 

20kg = 20kg 20kg 

 

b) 

= 
30 kg 

60 kg 

30 kg 

60 kg 
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Similarly, if  an equation is divided by a non zero real numbers such as 2, the 
result is also a true statement, see Figure 2.3 below.   
 20 = 20 

2
20

2
20

=  

10 = 10   
 
 
 
 
 

 
 
 
 
 

Figure 2.3 Balance  
 

Example 7:   To find X from X + 60 = 90 

  
 
 
 
 
 
 
 
 
 
 
 

                  Figure 2.4 Balance  
 

 

20kg 20kg = 

b) 

 

20 kg÷2 kg 20 kg÷2 kg 

 =  10 kg  10 kg 

X + 60 - 60=90-60 

 

X+60 90 

X + 60=90 

 

x ? 

X=? 

To find X you  
need:  

 

X+60-60 90 - 60 

Taking 60 from each side   
keeps the balance. 

 

x 30 

 X=30 

a) 
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Example 8:   Solve each of the following equations by using addition rules. 

a. x +
5
8

5
3
=    b. x -6 = -20 

 

Solution:   

a. x+
5
8

5
3
=   . . . . . Given equation 

x+ ..........
5
3

5
8

5
3

5
3







 −+=






 −+  Adding 

5
3−  on both sides. 

              x+0 = 1……..Simplifying  
                  x = 1 ……. x is solved  

 Check: When x = 1 

                  x + 
5
8

5
3
=  

                         1+
5
8

5
3 ?  

                        
5
8

5
8
=  ............ True 

                         Since 
5
8

5
8
=  is a true statement, x=1. 

b. x - 6 =-20…….Given equation 
       x - 6 + 6=-20+6…….Adding 6 on both sides. 

      x + 0= -14……Simplifying 
           x = -14 …. x is solved 
 

 Check: when x = -14 
                     x-6 = -20 
                         -14 – 6  ? -20 
                    - 20 = -20 ….True 

          Since -20 = -20 is a true statement, x= -14 
 
Example 9:  Solve each of the following equations by using multiplication 

rules. 

a. 8x = 72    b. 10x
5
4

=
−  
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Solution:   

a. 8x = 72 …..Given equation 

72
8
1x8

8
1

×=×  ............. Multiplying by 
8
1  on both sides  

      1×x=9………Simplifying  
          x= 9 ……..x is solved 
 

 Check: When x= 9  
                       8x= 72 
                       8×9 ? 72 
 72=72…….True 
Since 72 = 72 is a true statement, x=9 

b. 
  

40x
5
4

=
− …….Given equation 

40
4
5

5
4

4
5

×





 −=






 −×






 − x …..Multiplying by 

4
5−  on both sides. 

                1 × x=-50……..Simplifying  
                      x = -50 ……..x is solved 

 Check: When x = -50 

             
40  ?  50

5
4

40x
5
4   

−×





 −

=
−       

 

                           40 = 40 ……True 
Since 40 =40 is a true statement, x= -50. 
 

2.1.2 Linear Equations in One Variable 

Consider the equation 3x+5 = 0,  etc are 
examples of linear equations. Why? Discuss the reason with your teacher in 
the class.  

 
 
 
 

 Definition 2.5:  A linear equation in one variable x is an equation which 
can be written in standard form ax + b= 0, where a and b are 
constant numbers with a ≠ 0. 

? 
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From this definition, you can deduce that an equation of a single variable in 
which the highest exponent of the variable involved is one is called a linear 
equation. 
 

Example 10:   Which of the following equations are linear and which are not 
linear. 

a. 5x+3 10
6
5
=     c. 3x2 010

2
8 2

=+
x−  

b. xx
2
11020

2
3

−=+
−    d. 2x2

 

Solution:  a and b are linear equations. Because the highest exponent of the 
variable is one, but c and d are not linear equations. Why? 

 

Briefly, all equations have two sides; with respect to the equality sign called left 
hand sides (L.H.S) and right hand sides (R.H.S) of the equality sign. These two 
sides are equal to each other like that of a simple balance. Thus equation is just a 
simple balance as shown in Figure 2.5 below. 

+2x=10 

 
 
 
 
 
 
 

Figure 2.5 Simple balance 
 

Note that the symbol '' = " is read as "equals" or is "equal to". 
 

Example 11:   Identify the L.H.S and R.H.S of the following linear equations.  

a. 510
6
5

=+x    b. 3y-16=19-6y 
 

Solution: 
L.H.S R.H.S 

10x
6
5

+   

3y-16 19-6y 

 

L.H.S R.H.S 

25g 25g 

50g 50g 

5 
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Solving an equation means, applying the appropriate transformation rules to get 
a simplified equivalent equation in which the variable alone appears at one side 
and a constant (number) on the other side of the equality sign “=”.  
This constant number is called the solution of the given equation.  
 
 
 

 
 
 

 

 

 

 

 
 

 

Activity 2.1 
 

1. Solve each of the following equations and mention the rules of transformation 
together. 

       a. 0.8 + 2x = 3.5 − 0.5x         c. (2x + 8) − 20 = -(3x − 18) 
       b. 8x – (3x – 5)=40                                   d. 5x – 17 – 2x = 6x – 1 – x

      
                                                        

2.  ax2

 

Example 12:   Solve each of the following equations, in doing so indicate  the 
rules you used.  

+bx+c=0 is not a linear equation. Discuss the reason with your teacher in 
the class.  

a. 12x-14= 4x+10   
b. 3(7-2x)= 14 -8 (x-1)    
c. 8x+6-2x= -12-4x+5 
d. 7x-3(2x-5)= 6(2+3x)-31 

Note: Linear equations have exactly one solution. To see this, consider 
the following steps. 

       ax + b = 0 ……Given equation  
ax + b+(-b) = 0+(-b)……Adding –b on both sides. 
            ax = -b ….Simplifying  

            
......

a
b

a
ax −

=   Dividing both sides by a (since a ≠ 0).  

               x = ......
a
b−  Simplifying  

Thus, the equation ax+b = 0 has exactly one solution, that is x = 
a
b− . 
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Solution:   
a. 12x-14 =4x+10…..Given equation 

12x-14+14= 4x+10+14…….Adding 14 to both sides. 
            12x=4x+24………Simplifying. 
        12x-4x= 4x-4x+24………Subtracting 4x from both sides. 
               8x= 24 …….Simplifying. 

          
24

8
1x8

8
1

×=× …………Multiplying both sides by .
8
1  

               1×x =3 ……Simplifying  
                  x= 3 …….x is solved. 

 Check: When x= 3 
            12x -14= 4x + 10 

            12 ×3-14? 4×3 + 10 
                36-14? 12+10 
                    22 = 22 …..True 
Since 22 = 22 is a true statement, x=3 

b. 3(7-2x) = 14-8(x-1)…….Given equation 
  21- 6x=14 - 8x + 8……..Removing parentheses by distributive property. 
  21- 6x= 22 - 8x…….Simplifying. 

    21 - 6x + 6x = 22 - 8x + 6x…….Adding 6x to both sides.  
        21 = 22 - 2x………Simplifying  

           21 – 22 = 22 – 22 - 2x…..Subtracting 22 from both sides 
        -1 = -2x ……Simplifying 
-1× 






 −−=






 −

2
1

2
2
1 x ........... Multiplying both sides by 






 −

2
1 . 

          x = 
2
1  

 Check: When x = 
2
1  

           3 (7 - 2x) = 14 – 8 (x - 1) 

        3 (7 - 2×
2
1 )? 14 - 8 






 −1

2
1  

             3 (7 - 1) = 14 - 8 )
2
1(−  

                  3 (6) = 14 + 4 
                      18 = 18 ……True 

Since 18 = 18 is a true statement, x = 
2
1  is the solution of the given equation.   
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c. 8x + 6 - 2x= -12 - 4x + 5……..Given equation 
8x - 2x + 6 + (-6) = -12 + 5 + (-6) -4x……. Adding -6 on both sides. 

6x = -13 - 4x…..Simplifying  
   6x + 4x =  -13 - 4x + 4x……Adding 4x to both sides. 
         10x = -13…….Simplifying  

             
)........(x 13

10
1

10
10
1

−×=× Multiplying by 
10
1  both sides. 

                  1 × x =
10
13−  …...Simplifying 

 x = 
10
13−  ............... x is solved 

 Check: When x = 
10
13−   

        8x + 6 - 2x = -12-4x+5 

   8 5
10
13412?

10
1326

10
13

+





 −−−






 −−+






 −  

                 

eTru............
5
9

5
9                   

5
267?6

5
39             

5
5
2612?

5
136

5
52

−=−

+−+−

++−++−     

  

             Since 
5
9

5
9 −
=

−  is true statement, x= .
10
13−  or simply 

10
13− is the solution 

of the given equation.  
d. 7x - 3(2x - 5) = 6(2 + 3x) -31…..Given equation 

  7x - 6x + 15 = 12 + 18x -31…..Distributive property. 
            x +15 = 18x - 19 ……..Simplifying 
 x + (-x) + 15 = 18x + (-x) -19…….Subtracting x from both sides. 
                  15 = 17x - 19…….Simplifying 
         15 + 19 = 17x – 19 + 19…….Adding 19 from both sides. 
                 34 = 17x……..Simplifying  

                17
17

17
34 x

= …….Dividing both sides by 17 

                    x = 2…….. x is solved  
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 Check: When x =2 
    7x - 3(2x - 5) = 6(2 + 3x) -31 
 7×2-3(2× 2 - 5)?6 (2 +3 × 2) -31  
         14 - 3(-1) ? 6 (8)- 31 
              14 + 3 ? 48 -31 
                                17= 17 …..True 

          Since 17 = 17 is true statement, x = 2 
The set that contains the solution of a given equation is called the solution set of 
the equation.  
 

 

 
 
 

Example 13:   show that 2[9 − (x − 3) + 4x] = 4x −5(x + 2) − 8 and 3
2
x

−=  are 

equivalent equations. 
Solution:  2 [9 - (x-3) + 4x] = 4x – 5 (x+2) - 8 .................. Given equation 
 2 [9 – x + 3 +4x] = 4x - 5x -10 - 8...................... Remove parentheses. 
                 2 [12 + 3x]=-x-18……..Combine like terms 
                         24+6x= -x-18………Remove parentheses 
                     24+6x+x= -x+x-18….. Add x to both sides. 
                         24+7x= -18…….Simplifying  
                    24-24+7x= -18-24……Subtract 24 from both sides. 
                               7x= -42…….Simplifying 

                              
7
42

7
7x −

=  .......... Dividing both sides by 7. 

                     x = -6 ……. X is solved  

                                 And 3
2
x

−= ............ Given equation  

                     x= -6 ….. Multiplying both sides by 2 
Therefore: 2 [9 - (x-3] +4x] = 4x-5 (x+2) -8 and  

                    3
2
x

−=  are equivalent equations. 
  

 Definition 2.6:  Two equations are said to be equivalent if and only if they 
have exactly the same solution set.  



2  Linear Equations and  Inequalities  
 

62      

Exercise  2B 
 

1. Which of the following pairs of equations are equivalent?  
a. 2x+8= 18 and 2x=18-12       d. 2x+(-6)=14 and 2x=14+6 

b. 9x − 
8
99x and

4
9

8
9

==                            e. 3x=182 and x= 
6

182  

c. 21x = 38 and 3x=36       f. 036521x and10
7
3x

5
3

=−=−    

2. Show that 4(2x-1)=3(x+1)-2 and 8x=3x+5 are equivalent equations. 
3. Solve the following linear equations and finally check your answers. 

a. 3x – 9 = 4x + 5    d. 2(2x+1) = 3(x + 3) + x - 6 
b. 2(3x + 4) = 6-(2x - 5)               e. 270 ÷ x = 540; x ≠ 0  

c. 2 
5
3x

5
3x

−=





 −     f. 4 (2x-1) + 6 = 7x -3 (x+2)  

4. Show that =+++ 1)(2x
5
34)(x

3
2 0 and 4(x + 4) -3(2 - x) =17 are not equivalent 

equation. 
 
 

Challenge Problems 
5. Solve for x 

a. ax + b = cx + d; a ≠ c        d. x+y = b(y-x); b ≠ -1   
b. m(x-n) = 3(r-x); m ≠ 3                    e. a1x + b1y =a2 x +b2 y; a1 ≠a

1. Translate the algebraic expression x+12 in five different word phrases. 

2 
c. ax + b = c; a ≠ 0  

 

2.1.3  Some Word problems  

Group Work 2.2 

2. Translate the algebraic expression x−7 in six different word phrases. 
3. Translate the algebraic expression 4x in four different word phrases.  
4. Translate the algebraic expression 

6
x  in four different word phrases.  

 

In this topic, you will apply the knowledge acquired on equations. The connection 
between an unknown number and other numbers which are known (constant) often 
arise out of practical life. To solve such problems verbal sentences needed to be 
changed into mathematical sentences. Relationship between such numbers or 

quantities given in word problem need to be expressed in the form of equation. You 
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will now demonstrate how to solve a word problem by changing into mathematical 
equation. 
 
 

Example14:  Translate the algebraic expression x+10 in different word phrases. 
 

Solution: 

      Word phrases       Algebraic expression (or symbols) 

• A number plus ten.  

• The sum of a number and ten.  
• Ten added to a number.                                 x + 10 
• A number increased by ten.  
• Ten more than a number.   

 

Example15:  Translate the algebraic expression 
7
x  in different word phrases. 

 
Solution: 
      Word phrases   Algebraic expression (or symbols) 

• A number divide by seven.  

• The quotient of a number and seven.               
7
x  

• The ratio of a number to seven.  
• one-seventh of a number.  

Example 16:   (Relationship between temperature scales) 
 

The Celsius and Fahrenheit temperature scales are 
shown on thermometer in Figure2.6. The relation-
ship between the temperature readings C and F is 

given by C= 32).(F
9
5

− (Express F in terms of C). 
 

Solution:  To solve for F you must obtain a 
formula that has F by itself on one side of the 
equals sign. You may do this as follows:  

Celsius 
scale  

Fahrenheit 
scale 

Figure  2.6 Temperature scales  
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            C = 32)(F
9
5

−   ………Given equation  

          32FC
5
9

−= ……….Multiply both sides by 
5
9  

                         ..F.........32C
5
9

=+ Adding 32 from both sides. 

             F = 32C
5
9

+
 

 

Example 17:   (Test average) 
A student take a mathematics test scores of 64 and 78. What score on a third test 
will give the student an average of 80?  
 

Solution: 

The unknown quantity is the score on the third test,  
so you let x = score on the third test. 
The average scores will be calculated on 64, 78 and x.  

Thus average score = 
3

x7864 ++  

  
3

x7864 ++
 = 80 

    64 + 78+x = 80 × 3 …………Multiplying both sides by 3 
           142+x= 240………Simplify 
                   x = 98……… x is solved  
 

 Check: If the three test scores are 64, 78 and 98, then the average is 

.80
3

240
3

987864
==

++  

 

Example 18:  (Age problem)  
 

The sum of the ages of a man and his wife is 96 years. The man is 6 years older 
than his wife. How old is his wife? 
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Solution:  let m = man age and w = wife age, then  
 m+w = 96 …….Translated equation(1) 
       m = 6+w ……..Translated equation (2) 
         6+w+w = 96……..Substituting equation (2) into(1) 
 6+2w = 96-6……Combine like terms 
         2w+6-6 = 96-6………Subtracting 6 both sides. 
     2w = 90 ………Simplifying 

 
2

90
2

2
=

w  ……………Divides both sides by 2 

  w = 45 …….w is solved 
Therefore,  the age of his wife is 45 years old.  
 
 

Exercise 2C 
 

Solve each of the following word problems.  
 

1. If three fourth of a number is one-tenths, what is the number? 
2. The sum of two consecutive integers is three times their difference. What is 

the larger number? 
3. Can you find a number that satisfy the following property? 

a. If you multiply the  number by 2 and add 4, the result you get will be the 
same as three times the number decreased by 7. 

b. If you increase the number by 4 and double this sum, the result you get 
will be the same as four times the number decreases by 6. 

4. In a class there are 48 students. The number of girls is 3 times the number of 
boys. How many boys and how many girls are there in the class? 

5. A farmer has sheep and hen. The sheep and hens together have 100 heads 
and 356 legs. How many sheep and hens does the farmer have? 

6. 8 times a certain number is added to 5 times a second number to give 184. 
The first number minus the second number is -3. Find these numbers. 

7. The perimeter of a rectangular field is 628m. The length of the field exceeds 
its width by 6m. Find the dimensions.  
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2.2. Solving Linear Inequalities 
Activity 2.2 
Discuss with your friends.  
 

Solve each of the following linear Inequalities.  
 a. 2 (5-x) < 3 (1-2x) + 4   d. 0.5x + 0.5 > 0.2x + 2 
 b. 10(2x-4) ≥ 12x-(2x+2)   e. 0.7(x+3) < 0.4 (x+3) 
 c. 8(2x-4)+6 ≤ 14(2x+2)-12 
 

From grade six mathematics lesson you have learnt about linear inequalities. 
Now in this sub topic you learn more about linear inequalities. The rules for 
transforming linear inequalities will be discussed in detail so as to find their 
solutions. 
 
 
 
  Example 19:   Some examples of inequalities are: 

a. 10x< 23        b. -2x > 5  c. 4x
2
1

≥     d.  10x
2
3

≤  
 
 

 
 
 
 

Example 20:   Some examples of linear inequalities are: 

a. 2x+10 > 0    c. 2x+12 ≤ 0 
b. 5x+20 < 0    d. 6x+17 ≥ 0 

 

2.2.1. Rules of Transformation for Inequalities  

Group work 2.3 
 

 
 
 
 

 Definition 2.7:  Mathematical sentence which contains one of the relation 
signs(symbols) <, ≤, >, ≥ or ≠ are called inequalities.  

 Definition 2.8:  A linear inequality in one variable “x” is an inequality that 
can be written in the form of  ax+ b < 0, ax + b ≤ 0 or  
ax + b > 0, ax + b ≥0 where a and b are rational numbers and a ≠ 0.  

1. Solve each of the following inequalities by using the addition rule.   
a. x + 8 > 3   c. x − 0.35 ≤ 0.25 
b. 9x + 2.7 > 8x - 9.7  d. x − 0.25 ≥ -0.66 
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The following rules are used to transform a given inequality to an equivalent 
inequality. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 21:   Solve each of the following inequalities by using the 
transformation rules. 

a. 10x – 4 ≤  8x - 2  c. 4(x + 2) + 4 ≤ 6(x + 1)-5 

b. x+ 
8
3

4
3
>    d. 1

5
2x

3
1x

−≥
+  

 

Solution:   a. 10x-4≤8x-2……….Given inequality  
  10x-4+4≤8x-2+4…….Adding 4 both sides 
         10x≤8x+2………Simplifying  

Rule 1:  If the same number is added to or subtracted from both sides of an 
inequality, the direction of the inequality is unchanged. That is for 
any rational numbers a,b and c. 
i. If a < b, then a + c < b+c. 
ii. If a < b, then a - c < b – c.  

Rule 2: If both sides of an inequality are multiplied or divide by the same 
positive number, the direction of the inequality is unchanged. That is 
for any rational numbers a,b and c.  
i. If a < b and c > 0, then ac < bc. 
ii. If a < b and c > 0, then 

c
b

c
a
<  (provided c ≠ 0). 

Rule 3: If both sides of an inequality are multiplied or divided by the same 
negative number, the direction of the inequality is reversed. That is 
for any rational numbers a, b and c.  
i. If a < b and c < 0, then ac > bc. 
ii. If a< b and c < 0, then, 

c
b

c
a
>  (provided c ≠ 0). 

 
 
 
 

2. Solve each of the following inequalities by using the 
multiplication rule.  

 

      a . 1 − 3x ≥ 6    c. 3x < 18 
b. 81x ≤ 3     d. 5 − x ≤ 2x − 1  
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    10x-8x≤8x-8x+2…….Subtracting 8x from both sides 
            2x≤2………………Simplifying  

          
2
2

2
2x

≤ ……………Dividing both sides by 2 

              x≤ 1…………….Simplifying  

         b. x+ 
8
3

4
3
>

 
………..Given inequality.  

 x+ 
4
3

8
3

4
3

4
3

−>− ………. Subtracting 
4
3  from both sides  

             x > 
4
3

8
3
−  ……… Simplifying   

              x> 
2
2

4
3

8
3

×−  ……………… Multiplying by 1 = 
2
2   

              x> 
8
6

8
3
−  …………….. Simplifying 

             x> 
8
3−  ……………….. Solved  

c. 4(x+2)+4 ≤ 6(x+1)-5……….Given inequality 
4x + 8+4 ≤ 6x+6-5……………Remove parenthesis by distributive 
property of “×” over “+” 
       4x+12≤6x+1…………….Combine like terms. 
 4x-6x+12 ≤ 6x-6x+1…….Subtracting 6x from both sides 
     -2x+12 ≤ 1……………Simplifying 
-2x+12-12 ≤ 1-12………Subtracting 12 from both sides 
            -2x ≤ -11……… Simplifying 

          2
11

2
2x

−
−≥

−
− …….Dividing both sides by -2  

            x  ≥ 
2

11  

d. 1
5

2x
3

1x
−≥

+ …….Given inequality 

15 )1
5

2x15(
3

1x
−≥






 + …….Multiplying by 15 which is the LCM of the 

denominators 3 and 5 
         5x+5 ≥ 6x-15……………..Remove parenthesis  
    5x-6x+5 ≥ 6x-6x-15………….Subtracting 6x from both sides  
     -x+5 ≥ -15…………Simplifying  
-x+5-5 ≥ -15-5…………Subtracting 5 from both sides  
        -x ≥ -20…………..Simplifying  
         x ≤ 20 …………. Solved 
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Example 22:   Some examples of equivalent linear inequalities are: 

a. 5x < 20 and x < 4  c. 206xand
6

10
2
x

<<  

b. x > 3 and x+8 > 3+8 
 

Exercise 2D 
1. Which of the following pairs of inequalities are equivalent? 

a. 2x -6 > 4 and 2x -8 > 2  d.  3x + 8x + 21 ≥ 0  and x  ≥
11
21−  

b. 6x + 22 < 4 and 6x < -14  e. 
3

4x

 
< 12 and x < 9 

c. 3x + 5836x  and
12
5

12
8

<+<  

2. Identify whether each of  the  following inequalities is  a linear inequality or 
not.  
a. 6x + 6 > 3x + 8   d. 4(x - 2) + 4(x + 1) -6 ≤ 0 

b. 2x + 6 ≥ 0    e. 10
3

6x x63x
2

2 +≥+  

c. 0
5
3

2
x

≤+
−     f. 13x2 ≤+16  0 

3. Solve each of the following inequalities by using the transformation rules. 

a. 32 - 14x  ≥  20x -8     f. 4x
4
3x2

+>
−  

b. 5x + 5x + 2x  ≤  -24                g. 
5
4x

6
5

3
2x

4
3

+<+  

c. 7(x - 2)  <  4x - 8      h. -5x + 7  ≤  1.4x - 17 

d. 5(x - 3)  <  7(x + 6)    i. 
6
5x

5
4

4
3x

3
2

+<+
 
 

e. 01
2

43x
≥

+  
 

Challenge problems 
Solve for x  
4. x + 0.000894 ≤ -0.009764    6. x + 0.001096 ≥ -0.005792 
5. 8x - 0.00962 ≤ 7x + 0.00843  7. 6x -0.000834 < 5x -0.000948 

 Definition 2.9:  Two inequalities are said to be equivalent if and only if they 
have exactly  the same solution set.  
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2.2.2 Solution Set of Linear Inequalities   

Activity 2.3  
Find the solution set of the following inequalities under the given 
domain.  
a. 10x+14 < 25; (domain is )  
b. 5(2+x) > 18+6x; (domain is ) 
c. 2-3x ≥ 10; (domain is ) 
d. 10-2x  ≤ 4x-2: (domain is .) 
 

In this topic you will solve linear inequalities by applying the necessary rules of 
transformation.  

• To find the solutions of a given inequality, you will use the rules of 
transformation for inequalities to get successive equivalent inequalities so 
that the least simplified form is either  x > a or x < a or x ≤ a or x ≥ a.  

In solving a linear inequality of the form ax + b > 0, a ≠ 0, you have to consider 
two cases. These are: 
When a > 0 and when a < 0 
 

Case 1: when a > 0 
       ax + b > 0……….Given inequality 
 ax + b – b > 0 - b ……Subtracting b from both sides. 
              ax > -b………….Simplifying 
              

a
b

a
ax −

> .......... Dividing both sides by a since a > 0  

                x > 
a
b−  ……….Simplifying 

Therefore, the solution set is .
a
bx:x






 −

>
 

Case 2: When a < 0 
       ax + b > 0………..Given inequality 
 ax + b – b > 0 - b…………Subtracting b from both sides 
             ax > -b……Simplifying  

          a
b

a
ax −

<  ....... Dividing both sides by a since a < 0  

              x< 
a
b−  …………. Simplifying 

Therefore, the solution set is .
a
bx:x






 −

<  
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Example 23:   Given the domain = {2, 4, 6, 8, 10, 12, 14}. Find the solution set 
of the inequality x - 5 > 6. 

 

Solution:  
       
 

              x – 5 +5 > 6+5 
              x > 11 
   

Since 12 and 14 are the solution of the given inequality x - 5 > 6, these numbers 
the set containing is called the solution set of x – 5 > 6  
You can now define the term solution set or truth set. 

 

 

 
 

Example 24:   Find the solution set of the following inequalities under the 
given domain. 

a. 2x + 10 < 10: x   c. 2(x + 1) ≤ 8x- (4x - 10); x  
b. -10x - (5 + 3x) ≥ 0; x 14(x - 4) < 8x - 16; x + 

 

Solution:  

a. 2x + 10 < 10; x……Original inequality 
2x + 10 + (-10) < 10 + (-10)………..Subtracting 10 from both sides 
                    2x < 0 …………….Simplifying 

                  2
0

2
2

<
x  ………….. Dividing both sides by 2 

                     x < 0 
Solution set = { }. Because there is no natural number less than zero. 

b. -10x – (5 + 3x) ≥ 0; x 
 

 ……..Original inequality. 

      -10x - 5 - 3x ≥ 0………….Remove parenthesis 

 Definition 2.10:  The set of numbers from which value of the variable may be 
chosen should be meaningful and it is called the domain of the 
variable.  

 Definition 2.11:  The set containing all the solutions of an inequality is 
called the solution set or truth set of the inequality and denoted by 
S.S or T.S.  
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-10x - 3x – 5 ≥ 0…………Collect like terms 
          -13x-5 ≥ 0……………..Simplifying  
 -13x – 5 + 5 ≥ 0 + 5………..Adding 5 from both sides 
             -13x ≥ 5…………….Simplifying 

                  x ≤ 
13

5−  …………Why? 

Solution set= {  }. Because there is no whole number less than or equal to .
13

5−  

c. 2(x + 1) ≤  8x- (4x - 10) ; x  …….Original inequality  

   2x + 2 ≤ 8x - 4x + 10……….Remove parenthesis 
       2x + 4x + 2 ≤ 8x - 4x + 4x + 10…………Adding 4x from both sides 

   6x + 2 ≤ 8x + 10…………Simplifying  
        6x - 8x + 2 ≤ 8x - 8x + 10 ............ Subtracting 8x from both sides  

  -2x + 2 ≤ 10 ...... Simplifying  
        -2x + 2 – 2 ≤ 10 - 2…………Subtracting 2 from both sides 

        -2x ≤ 8………………..Simplifying  

     2
8

2
2x

≥
−  .................. Dividing both sides by 2 

           x ≥ -4………..Remember to reverse the sign of the inequality. 
 

Solution set = {x∈ : x ≥ -4} 
d. 14 (x - 4) < 8x-16; x +

14x – 56 < 8x - 16………….Remove parenthesis 
    14x - 8x – 56 < 8x - 8x - 16………..Subtracting 8x from both sides 

6x - 56 < -16………..Simplifying 
   6x – 56 + 56 < -16 + 56…………..Adding 56 from both sides  
                   6x < 40 ………..Simplifying 

      

 ............. Original inequality   

..............
6
40

6
6x

< Dividing  both sides by 6 

  x ............
3

20
< Simplifying 

S.S = 






 <∈

3
20         xx

 
: 
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2.2.3. Applications of Linear Inequalities  

Provides several commonly used statements to express inequalities. 
 

Table 2.1. 
English phrase Mathematical Inequality 

 a is less than b   a < b 
 a is greater than b 
 a exceeds b  

    a > b 

 a is less than or equal to b  
 a is at most b 
 a is no more than b 

a ≤ b 

 a is greater than or equal to b  
 a is at least b 
 a is no less than b  

a ≥ b 

 

 

Example 25:   Translating Expressions Involving Inequalities. 
a. The speed of a car, S, was at least 220 km/hr. 
b. Aster's average test score ,t, exceeded 80. 
c. The height of a cave, h, was no more than 20m. 
d. The temperature on the tennis court, t, was no less than 200°F. 
e. The depth, d, of a certain pool was at most 10m.  

 

Solution:   

a. s ≥ 220   c. h ≤ 20   e. d ≤ 10 
b. t > 80   d. t ≥ 200°F 

Example 26:  To earn grade A in a maths class, Aisha must have average score 
at least 90 on all of her tests. Suppose Aisha has scored 80, 86, 90, 
94 and 96 on her first five maths tests. Determine the minimum 
score she needs on her sixth test to get an A in the class. 

 

Solution:   

Let x represent the score on the sixth test……….Lable the variable  
(Average of all tests)  ≥ 90………Create a verbal model. 

6
x9694908680 +++++

  
≥ 90……..The average score is found by 

taking the sum of the test scores  and dividing by the numbers of scores.  
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90

6
x446
≥

+ ……………Simplify 

6 ×≥





 + 90

6
x446  (6) ………...Multiply both sides by 6 to eliminate the 

denominator fractions.  
       446 + x ≥ 540……………….Solve the inequality 

          446 – 446 + x ≥ 540 - 446…….Subtracting 446 from both sides  
                  x ≥ 94 …………..Simplifying  

Aisha must score at least 94 on her sixth test to receive an A in the course. 
 

Example 27:   Eight times a natural number is increased by 4 times the number 
is less than 36. What are the possible value of this number? 

Solution:  let n be the number 
  8n + 4n < 36………….Translated inequality. 
        12n < 36……………..Collect like terms.  

       
12
36

12
12n

< ……….Dividing both sides by 12. 

            n < 3 ………..Simplifying.  
Therefore, the required natural number is less than 3. Thus the number is either   
1 or 2. 
Example 28:   For the region on the right 

figure. Find all values of x for which 
the perimeter is less than 37cm (see 
Figure 2.7 to the right). 

 
  

Solution:  Consider the following  
                Figure 2.8  
 

         Let the perimeter = p 
  AB + BC + CD + DA = P 
16 – x + x + 2x + 3 + x = P…….Substitution 
Thus P = 19 + 3x, but we need P = 19 + 3x < 37  
 19 + 3x < 37 
        3x < 37 - 19 
       3x < 18 
         x < 6 and since x represents length, x > 0 
Therefore, the values of x is x < 6 or {x∈ : x < 6} = {1, 2, 3, 4, 5}…(Why)? 
 

 

 

2x + 3 

x x 

16 - x 
A B 

C D 

Figure 2.7 

Figure 2.8 

x 

 

2x + 3 

16 - x 
A 

x 

D 

B 

C 
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Exercise  2E 
 

 Solve each of the following word problems.  
1. Twice a number x exceed 5 by at least 4. Find all possible values of x. 
2. A natural number is less than the sum of its opposite and 8. Find all such 

numbers. 
3. Find the two smallest consecutive even integers whose sum is at least 51. 
4. The perimeter of a rectangle field is 118m. If the length of the rectangle is 

7m less than twice the width, what is the length of the field? 
 

Summary For Unit 2  

1. A constant (a number), a variable or product of a number and variable 
is called a term.   

2. Like terms or similar terms are terms whose variables and exponents of 
the variables are exactly the same but only differ in the numerical 
coefficients. 

3. In the product of a number and variable, the factor which is a numerical 
constant of a term is called a numerical coefficient. 

4. An equation is a mathematical statement in which two quantities or two  
    algebraic expressions are connected by the equality sign “=”.  
5. A linear equation in one variable x is an equation which can be written 

in standard form ax + b = 0, where a and b are constant numbers with    
a ≠ 0. 

6. Two equations are said to be equivalent, if and only if their solution 
sets are equal.  

7. An inequality is a mathematical statements which contains the 
inequality symbols <, >, ≤ or ≥ to express that one quantity is greater 
than (or less than) another quantity.  

8. A linear inequality in one variable “x” is an inequality that can be written in the 
form of  ax + b < 0, ax + b ≤ 0 or  

    ax + b > 0, ax+ b ≥0 where a and b are rational numbers and a ≠ 0.  
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9. Rules of transformation for equation: 
Let a, b and c be any rational numbers 
a) If a =b, then a + c = b + c…………Addition property of equality. 
b) If a = b, then a - c = b - c ……….Subtraction property of equality. 
c) If a = b, then a × c = b × c………..Multiplication property of equality. 

d) If a = b, then   (provided c≠0). …..Division property of equality. 

10. Rules of transformation for inequality: 
Let a, b and c be any rational numbers 
a) If a < b, then a + c < b + c………..Addition property of inequality. 
b) If a < b, then a – c < b - c………….Subtraction property of inequality. 
c) If c is positive and a < b, then ac < bc……Multiplication property of 

inequality.  
d) If c is positive and a < b, then    …….Division property of 

inequality. 
e) If c is negative and a < b, then ac > bc ………Multiplication property 

of inequality. 
f) If c is negative and a < b, then   ………Division property of 

inequality. 
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Miscellaneous Exercise 2  
 

1. Solve each of the following equations by using the rules of 
transformation. 
a) – (-7x + 9) + (3x - 1) = 0   f) 5x – 3 - 4x = 13 
b) 5(3y) + 5(3 + y) = 5               g) 16y – 8 - 9y = -16 

c) 2x 5
4
1
=−                h) 6x-5-16x =-7 

d) -1.8 + 2.4x  = -6.6               i ) 
4
5x

7
4

4
1x

7
3

−
−

=−   

e) y
3
5

7
1

7
6

+=  

2. Solve the equations using the steps as out lined in the text and finally 
check the result. 
a) 4(x + 15) = 20                            
b) 4(2y + 1) -1 = 5                  
c) 5(4 + x) =3 (3x - 1) -9                
d) 6(3x - 4) + 10 = 5(x - 2) - (3x + 4)            
e) -5y + 2(2y + 1) = 2(5y - 1) -7  
f) -2(4p + 1) - (3p - 1)) = 5(3 - p) -9  
g) 5 - (6y + 1) = 2 ((5y - 3) - (y - 2)) 
h) 7(0.4y-0.1)=5.2y+0.86 

3. Explain the difference between simplifying an expression and solving 
an equation. 

4. Which properties of equality would you apply to solve the equation  
4x + 12 = 20? 

5. Which properties of equality would you apply to solve the equation  
4x - 12 = 20? 

6. The sum of two consecutive integers is -67. Find the integers? 
 

7. The sum of the page numbers on two 
integers facing  pages in a book is 941. 
What are the page numbers? 

 
 
                                                                 

x x+1 

Figure 2.9 
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8. If y represents the smallest of three consecutive odd integer, write an 
expression to represent each of the next two consecutive odd integers.  

9. Three consecutive odd integers are such that 3 times the smallest is 9 
more than twice the largest. Find the three numbers. 

10. a) Simplify the expression: 6(x + 2) – (4x - 14) 
b) Simplify the expression: -(10x − 1) − 4(x + 8) 

11. Solve each of the following inequalities by using the rules of 
transformation. 
a) -4x – 8 ≤ 22    d) 8 - 6(x - 3) > -4x + 12 
b) -14y - 6 ≤ 6y               e) 3 - 4(y - 2) > -5y + 6 

c) 4x + 2 < 6x + 8               f) 
6
7

x
6
11

3
4

x
6
7

−≥+   

12. Find the solution set of each of the following inequalities under the 
given domain.  

a) 4x - ∈+< x,
3
246x

3
1                

b) 9x – 4 < 13x – 7, x ∈               
c) 0.7 (x + 3) < 0.4 (x + 3), x ∈  
d) 3(x + 2) – (2x – 7) ≤ (5x – 1) -2(x + 6), x ∈  
e) 6 – 8 (y + 3) + 5y > 5y – (2y – 5) + 13; x ∈ + 

13. Find all values of X for which the 
perimeter is at most 32.  
 

 
 
 
14. A board with 86 cm in length must be cut so that one piece is 20 cm 

longer than the other piece. Find the length of each piece.  
 
 
 
 
 

15. Solve for X: 3x.1)2(x
4

2x2x
3
1x

2
1

+−≥



 −

−+  

Figure 2.11 
 

 
x + 20 x

  

x 

x - 6 

Figure 2.10 
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Introduction  
You may see when people are comparing two or more quantities that are measured in 
the same unit. Have you ever compared such quantities by yourself or with your friends? 
In this topic you will learn mathematical concept of comparing quantities known as 
ratio, proportion, percentage and the application of percentage to calculate profit, loss 
and interest.  
  

333   
 

 

 

RRRAAATTTIIIOOO,,,   

PPPRRROOOPPPOOORRRTTTIIIOOONNN      
AAANNNDDD   PPPEEERRRCCCEEENNNTTTAAAGGGEEE   

Unit outcomes: 

After completing this unit, you should be able to:   

 understand the notions of ratio and proportions. 

 solve problems related to percentage. 

 make use of the concept of percentage to solve problems 

of profit, loss and simple interest.  
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3.1. Ratio and Proportion   

Group work 3.1 
Discuss with your friends  
1. Write a simple ratio for each of  the following. 
 

    a) Cats to hens 

              
                              Figure. 3.1 cats                       Figure. 3.2 hens  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
In this unit you will learn more about ratio, proportion and percentage. In all 
cases they deal with comparing quantities and give idea of their numerical 
relationship. 
 

   

b) Car to bicycles  
 

 
   
\ 
 

 Figure. 3.3 car              Figure. 3.4 bicycles  
 

2. In  Firure 3.5 below write the ratio of cofee to milk.  
 
 
 

 
 

 
 

3. Can you define a ratio based on the above activities in your own words. 
4. What is the ratio of girls to boys in your class?  

 

 

   

 

Coffee 

milk 2 parts 

3 parts 

Figure. 3.5  
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Example 1. Write down the ratio of the first number to the second one, in the 
simplest form:  

a. 70 to 210  b. 48 to 244 c. 90 to 180  d.  48 to 108 
 

Solution:   

a. The ratio of 70 to 210 =  

b. The ratio of 48 to 244 =  

Definition  3.1:  Ratio is a comparision of two or more quantities 
(magnitudes) of the same kind, in the  same unit.  

 Note: 
 

1. The ratio of one quantity a to another quantity b is usually 
denoted by a:b or  
i. a and b are called terms of the ratio.  
ii. the first number a is called antecedent and the second 

number b is called consequent. 
2. The ratio of a to b is written as any one of the following forms: 

i. a:b (read as “the ratio of a to b or simply a is to b”). 
ii.   is (read as a over b (b  
iii.  a  (read as a divided by b provide b ≠ 0). 

3. While comparing two quantities interms of ratio, one must bear 
in mind the following: 
i. the two quantities must be the same kind. 
ii. for any two quantities a and b a:b b:a. 
iii. ratio have no unit (it is simply a number).  
iv. the units of measurement of the two quantities must be the 

same. 
v. in most cases the ratio a:b is written in simplified form 

where a and b are natural numbers.  
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c. The ratio of 90 to 180 =  

d. The ratio of 48 to 108 =  

Example 2. Write down the ratio of the second number to the first one, in the 
simplest form: 

 

a. 88 to 132    c. 3500 to 6500 
b. 2000 to  2250  d. 1100 to 1540 

 

Solution:   

a. The ratio of 132 to 88=  

b. The ratio of 2250 to 2000 =  

c. of 6500 to 3500 =  

d. The ratio of 1540 to 1100 =  
 

Example 3:  A mathematics class consists of 25 boys and 35 girls. 
a. What is the ratio of boys to girls? 
b. What is the ratio of girls to boys? 
c. What is the ratio of girls to the total number of students in the 

class?  
d. Wht is the ratio of boys to the total number of students in the class? 

Solution:   

a. 
girls ofnumber 
boys ofnumber Ratio =   

        25 : 35=  

b. 
boys ofnumber 
girls ofnumber Ratio =  

      35:25 =  
c. Total number of students = number of girls + number of boys 
                = 35+25 
     = 60 

                            Then Ratio =  

                   =  
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d. Ratio =  

          =  

Example 4: Divide 800 in the ratio of 3:5. 
 

Solution:  The sum of the parts =3+5=8  
  Note that parts are terms of the ratio. 

• The first part is  of 800 =  

The second part is  of 800=  
 

Example 5: A painter made 28 gallons of paint using white pigment, linseed 
oil, dryer, and turpentine in the ratio of 3:2:1:1 respectively.  How 
many gallons of each material did she use? 

 

Solution:  The sum of the parts =3+2+1+1=7 

i. The white pigment   of 28=  gallons. 

ii. The linseed oil  of 28 =  gallons. 

iii. The dryer  of 28 =  4 gallons. 

iv. The turpentine  of 28 =  gallons. 
 

Example 6: If A:B =3:6 and B:C= 6:7, then find A:C. 
 

Solution:   
i. First method  

A:B =3:6 is  

B:C = 6:7 is  

This  

Then  

Therefore,  or A:C =3:7  

ii. Second method 

 …………..Solve for B interms of A 
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                   3B = 6A ………..Cross multiplication 

Dividing both sides by 3 
    Therefore B=2A…………Equation 1 

  ………Solve for B interms of C 

  7B= 6C…….Cross multiplication 

         …… Dividing both sides by 7. 

    Therefore B= ………..Equations 2 

    Equating equation (1) and equation (2), you will get; 
 2A=  

                14A = 6c………..Cross multiplication 

                   =  

Therefore  or A:C =3:7 
 

Example 7: If a,b and c are numbers such that a:b:c = 3:4:5 and b=20. Find the 
sum of a+b+c. 

Solution:  Consider the ratio; 

   

 Then  ………... Substitution 

          4a=60………… Cross multiplication 
          ……….. Dividing both sides by 4 
             a=15 
Similarly consider the ratio; 
             

       Then  …………….. Substitution  
           4c=100……..Cross multiplication 
          ………Dividing both sides by 4 
             c=25 
Therefore, a+b+c =15+20+25 
           = 60 
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Example 8: Find the ratio of a to b if 2a=3c and 12c =7b. 
 

Solution:   
       2a=3c………..Original equation 
       a=  ………. Solve for a  
Now 12c=7b…………...Original equation 
      b=  

Therefore, the ratio of a to b:  

Exercise 3A 
 

1. Write down the ratio of the first number and the second one in the simplest form.  
a. 48 and 80      d. 13.6 and 10.2 

b. 4.8and 9.6     e.  

c. 10.2 and 13.6               f. 2  
2. Express the following ratios as fractions in their lowest term: 

a. 4 Birr to 16 cents    d. 2 Literes to  2250 millilitres 
b. 5 days to 100 hrs    e. 3 min 54 sec to  2 min 6 sec 
c. 3.5 kg to 6500 grams   f. 6 litres to 10 c.c 

3.  Find two numbers whose ratio is 3 to 5 and whose sum is  88. 
4.  The ratio of two numbers is 7:3 and their sum is 50, find the two numbers. 
5.  The ratio of the measures of the angles of a triangle is 1:2:3. Find the 

measure of each angle. 
6. Four friends contribute the sum of money to a charitable organization in the 

ratio 1:3:5:7. If the largest amount contributed is Birr 35. Calculate the total 
amount contributed by the four people. 

7. If 2A:3B =5:6 and 3B:2C =36:15, then find A:C. 

8. If a:b =3:2 find the value of . 

9. Two numbers have ratio 12:5. Their difference is 49. Find the two numbers. 
10. A string of length 160cm is cut into 2 pieces, in the ratio 3:5. Find the length 

of each piece. 
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Challenge Problems 
11. The ratio of two numbers is 4:5. After adding 20 to the smaller number and 

subtracting 20 from the greater number the ratio becomes 14:13. Find the 
numbers. 

12. Consider . What is the the 

largest ratio?  
13. Find the ratio of the areas of the squares 

PQRS to that of ABCD where PQ = 9cm 
and AB = 5cm.  

 

 

 

Proportion 
Group work 3.2  
Discuss with your /friends/. 

1. Find x, if 4.8, 6.0, x and 8.5 are in proportion. 
2. Find the unknown value in the proportion: (3x+6):5=(x+8):3. 
3. Can you define a proportion by  your  own words? 
 

 

Proportion is a relationship between two quantities (or variables) in which one 
is a constant multiple of the other. In general, proportion can be defined as 
follows:  

 
 
 
 

Example  9: Some examples of proportion are:  

       c.  

b.                   

 

Definition 3.2:  A proportion is the equality of two ratios.  

Figure. 3.6 

 

P Q 

R S 

A 

B 

C 

D 

9 cm  

5 cm  
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Example 10: Use cross products to determine whether each pair of ratios forms 
a proportion or not.  

                b.  
Solution:   
 

 

32 …….Write crossproudct  
       160=160 

Therefore,  and  form a poroportion because the crossproducts are 

equal. 

Note:  

1. If a,b,c and d are four non-zero ratioal numbers such that   then 
a, b, c and d are said to be terms of the proportion. Thus a proportion 
is an equation that shows the equality of two ratios. 

2. The terms a,b,c, and d are also called the first, the second, the third 
and the fourth terms of the proportion respectively. 

3. The proportion  can be written as a:b = c:d. Here 'a' and 'd' are 
said to be the end terms (extremes), while 'b' and 'c' are said to  be 
the middle terms (means) of the proportion. 

4. In a proportion, the prouduct of 
the means equals the prouduct 
of the extremes. This product 
is called the cross product of a 
proportion. That is, if  or 
a:b=c: d then a . 
The cross product can be 
shown diagrammatically as  
Shown in the adjacent figure: 

5. One way to determine whether two ratios form a proportion is to find 
their cross products. If the cross products of the two ratios are 
equal, then the ratios form a proportion. 

 

 

 Means  Extremes   
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5 ………Write cross proudct 
     320 = 320 

Therfore,  and  form a proportion because the cross products are equal. 
 

Example 11: Find the unknown terms in each of the following terms. 
a. 15:12 = 35: x (provided x  0)  b. 3:6 = x:12 

 

Solution:    

a. 15:12=35:x 

Then  

         15×x=12×35 ………….. Write crossproduct  
         15x=420 …………….. Simplifying  

          …………… Dividing both sides by 15   

  x = 28 
 Therefore, the value of x is 28  
      

        b. 3:6 = x:12  

   Then   =  

           6× x=3 × 12………Write crossproduct  
  6x =36………..Simplifying  
  ……...Dividing both sies by 6 
     x= 6 
Therefore, the value of x is 6 
Example 12: Given the proportion 3:15 =12:60 then find the sum of the means.  
 

Solution:   3:15 =12:60………Given proportion 

 Then  since 12 and 15 are means 
 Therefore, 12+15=27 
Hence the sum of the mean of the proportion is 27.  
 

Example 13: What number should be subtracted from each of the numbers 17, 
14, 22, 18 so that the differences would be in proportion? 
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Solution:   Let x be the required number to be subtracted from each of the 
given numbers. 

Then, the numbers (17-x), (14-x), (22-x) and (18-x) are in proportion,  
that means (17 – x): (14 -  x) = (22 – x): (18 – x)  

Therefore ……..Translated equation 

(17-x) (18-x)=(22-x) (14-x)……Cross multiplication 
17(18-x)-x(18-x)=22(14-x)-x(14-x) 
306-17x-18x+ =308-22x-14x+ ………Remove parenthesis. 
306-35x+ =308-36x+ ………….Collect like terms 
306-308-35x+36x+ - =0 
        -2+x=0…………Simplifying 
2 – 2 + x = 0 + 2 ……… Adding 2 to both sides 
              x=2 

Exercise  3B 
 

1. If x2, xy, p, y2

2. Find the unknown terms in each of the following. 
 are in proportion, find the value of p. 

       e.   g.  

        f.               h. 
   

3. Find the fourth proportional to the following: 
a. 15,12,35    b. a2, ab, b

4. Determine whether the numbers 14, 21, 4 and 6 are in proportion. 

2 

 

Challenge Problems 
5. Find the means proportional between each of the following: 

a. 20 and 45   b. 25 and 16 
6. If 48x2, 64x4, x, 36x2

7. Given the proportional 10:18 =35:63 then find: 
 are in proportion, find the value of x.  

a. the sum of the means.              c. the sum of the extremes. 
b. the product of the means.   d. the product of the extremes.  
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Direct and Inverse Proportionality 
From grade six mathematics lesson you have learnet about the type of proportion 
and their informal definition. Now in this sub-topic you revise more about direct 
and inverse proportionality. 
 

A. Direct Proportionality 
Group Work 3.3 
1. Can you define a direct proportionality by your own words. 
2. y varies directly proportion with x. if x=5 then y=12, thus find: 
       a. the value of y when x= 7.5.  
       b. the value of x when y=84. 
 

3. If yx and when x=6; then y=24, so find the constant of proportionality. 
4. pq. If p=15 and constant of proportionality (k)=2, find q. 
5. xy3

6. yx
 and when x=9 then y=3. Find the constant of proportionality. 

2

7.E is directly proportional to F. If E is 24, then F is 6.  
    What is E when F is 24? 

 
 

 and x=16 when y=128. Find the constant of proportionality.  

B. Inverse Proportionality 
Group Work 3.4  
1. Cany you define an inverse proporitionality by your own words.  
 

2. x is inversely proportional to y. If x=15 then y=10. Find y when x=20. 
3. The values of w is inversely proportional to m. If w=8 then m=25; what is m 

when w=20? 
4. 150 men working in a factory produce 6000 articles in 15 working days. How 

long will it take, 
      a. 50 men to produce the 6000 articles? 
      b. 100 men to produce the 6000 articles?                      
5. x= a+b+4 and a  b  when y=2; x=18 and when y=1; x= -3. Find x when    

y=4. 
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3.2. Further on Percentage 

Group work 3.5 

 
 
 
 
 
 
 
 
 
 
 
 
Percentages are comparisions of a given quantity (or part) with the whole 
amount (which you call 100). Percentages are commonly used to describe 
interest, sales prices, test results, inflation, change in profit or loss and much 
more! 
The concept of percent( ) is widely used in a variety of mathematical 
applications. 
 A stock decreased by 22  for the year. 
 The sales tax in a certain state is 7 . 

The word percent means per one hundred or for every haundred or hundredths. 

The symbol for percent is . Hence 7 = . 
 

For example 70 percent can be written as 70  and this means the ratio of 70 to 

100 or 70  = . 
 

Example 14: Look at each of the large squares below which are divided in to 
100 small squares of equal size.   

 

Figure 3.10  

Discus with your group member /friends/. 

1. Based on in Figure 3.7 to the right sides 
answer the following questions:  
a) What is the decimal form of 93%? 
b) What is the fraction form of 93%? 

2. Convert the percentage to decimals: 
a. 88   b. 414   c. 0.047  

3. Convert the percentage to fractions: 
a. 53                                 c. 7.6  
b. 33    d. 88  

4. Convert the decimal to percentage: 
a. 0.93  b. 10.82      c. 0.006         d. 0.88     
    

 

I got 93% on the 
English exam  

Fantastic! 

 Figure 3.7 
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Activity 3.1 
Discuss with your partners (friends). 
1. Explain the guidelines for converting a percentage to decimal by your own 

words.  
2. Convert the percentage to decimals.  
        a.86    b. 242        c. 0.045               d. 246% 
3. Explain the guidelines for converting a percentage to  afractions  by your own 

words.   
4. Convert the percentage to fractions. 

a. 76    b. 83      c. 226  

  5. Explain the guidelines for converting  a decimals to a percentage, by your own  
words.    

6. Convert the decimals to percentages. 
 

       a. 0.135                 b. 0.0035   c. 0.536            d. 0.002 
  

 7. Explain the guidelines for converting  fractions  to a percentage, by your own   
words.    

8. Convert the fractions to percentages. 

 
 

         a. 2                           b.   c.  
 

 

Exercise 3C 
 
 

1. Convert each of the following percentages to decimals. 
a. 198   b. 628   c. 777%   d. 0.045%    

 
The shaded part is 2%  

The shaded part is 20%  Figure 3.8 
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2. Express each of the following percentages as fractions. 

a. 58   b. 44   c. 7.8%  d. 3.6%     
3. Convert each of the decimals below to percentages. 

a. 0.96   b. 20.80  c. 0.0088   d. 28.008 
4. Write each of the fractions below as percentages. 

   b.    c.  
 

5. Copy and complete this table 3.5 below. 
 

Percentage Decimal Fraction 
 0.61  
  

 

135    

8    

 0.67  

  
 

 0.089  

76    

  
 

96    
 

 

Challenge Problems 
6. Express the first quantity as a percentage of the second.  

a. 10m, 200m    c. 45 seconds, 5 minutes 
b. 6km, 18km    d. 12 hours, 1 day 

7. Write the ratio of 18:45 in its simplest form and transform it into percentage. 

8. Transform the ratio 5  into percentage. 
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3.2.1. Calculating Base, Amount, Percent and Percentage.  
3.2.1.1. Calculating the Percentage (P) 

Activity 3.2  
Discuss with your friends  or partner  
 

Calculate the percentage of each of the following.  
a. 60  of Birr 165   d. 25  of 15.2 km   g. 5  of Birr 31240 
b. 90  of 250 tones  e. 4.8  of 3.6 litres   h. 10  of Birr 16.80 
c. 96  of 32000m              f. 6.8  of Birr 9840  
 

Percentage is part of the base number (or part of the whole) which means one 
number gives some part or some percent of another which denotes the whole. In 
short, "the part is some percent of the whole". In general, problems involving 
percentage are solved interms of the basic equation which is given by the 
formula: 
 
 

Since a percent is a ratio of  number of parts to 100, we can use this fact to 
rewrite the formula above as follows: 
 
 
 
 
 
Example 15: Calculate the percenatage of each of the following. 

a. 80  of Birr 260    c. 90  of Birr 264 
b. 9.6  of 7.2 litres    d. 34  of Birr 7000 

 

Solution:   

a. Percentage = Base  Rate 
or P= B R 

       = 260  

       =    

Percentage = percent (Rate) x Base (whole) 

Percentage  

i.e P= R B But R=r  (where r is the rate number) 
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b. Percentage = Base  Rate  
           or P = B R 
               P =  

               = 0.6912 litres. 
c. Percentage = Base  Rate 

            or P= B R 

        = Birr 264  

       = Birr  

        = Birr 237.6 
d. Percentage = Base  Rate  

            or P= B R 

                   = Birr 7000  

                   =  

                   = Birr 2,380 
 

3.2.1.2. Calculate the Base (B) 
Activity 3.3 . 
Discuss with your partener or friends  
 

Calculate the base in each of the following. 
a. Birr 36 is 29  of x    
b. 15  cents is 5  of x 
c. 16 minutes is 13  of time T hours 
d. 90 cm is 270  of y cm. 
 
In general, problems involving Base are solved interms of the basic equation that 
is given by the formula: 

 
 
 
 

Example 16:  A women saves 20  of what she earns. If she saves Birr 300  
                           a month, how much does she earn a month?  
 

Base =  

or B =   
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Solution:    You notice that 20  is the rate (percent) and Birr 300 is the   
percentage, so the required quantity is the base. 

  B= …………Basic formula 

  B= ………...Substitution 

  B = Birr 1500 
Thus, the women earns Birr 1500 with in  a month. 
 
 
 

3.2.1.3. Calculate The Rate (R)/Percent  

Activity 3.4 
Discuss with your teacher before starting the lesson  
 

Calculate the rate (percent) in each of the following. 
a.  400 gm to  2kg   c. 30 minute  to 1hr      
b. birr 0.75  to birr 500     d. 72 cm  to 60m   
In general, problems involving percent (rate) are solved by using the basic 
formula which is given below. 
 

 
 
 
 

 
Example 17: A factory has 1200 workers of which 720 are male and the rest 

are female. What percent of the workers are female? 
 

Solution:  There are 1200 workers in a factory. 
Thus, male workers + female workers = total workers 
  720+female workers =1200 
          female workers = 480 
                                 r = .............Basic formula 

                     r = ..........Substitution 

            r =  

           r = 40  
Therefore, the female workers are 40  of the total workers. 

Percent (Rate) =  

or R  

r =  
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Example 18:  Application Involving production 
In a certain village where farmers use two different types of fertilizers, fertilizer 
type A, and fertilizer type B. 10000 farmers were asked which of the fertilizers 
they use. It was found that 2500 farmers use type A, 4550 farmers use type B 
and the remaining 2950 farmers use both types  A and B. 

Find the percent of farmers that 
a. use fertilizer type A. 
b. use fertilizer type B. 
c. use both types of fertilizers. 

 
 

 

Solution:  a. r =  …….Basic formula  

  r = .........Substitution 
   = 25  
  Therefore, 25  use of type A. 
        b. r = ........Basic formula 

   = .........Substitution  
   = 45.5  
  Therefore, 45.5  use of type B 
        c. r = ............Basic formula 

   = ......Substitution 
   = 29.5  
  Therefore, 29.5  use both types A and B. 
 

3.2.1.4. Functional Relations Among Base, Percent and Amount  

In sub section 3.1 you have learnt that when parts of a ratio are multiplied by a 
non-zero number the ratio remains the same. If the given ratio is  , then  
where (k  
 

Example 19: a.  

 Therefore,  

 b.  

 Therefore,  
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If you are mainly intersted particularly in the equivalent form of fractions in 
which the denominators is 100, it will give us an opportunity to observe the 
functional relations among base, percent and amount. 
 

Example 20: a.  

 Therefore  

  b.  

          Therefore,  

The equivalent fractions given in example 19 above are in the form of  

where A is called amount, B is called base and P is called a percent. 
 

Hence the functional relations among base, percent and amount can be 
summarized as follows: 
 
 
 
Example 21:  (Income tax) Sirak receives a salary of Birr 5,000 per month of 

this amount  40  is deducted for income tax. Find the amount 
deducted for income tax. 

 

Solution:       B= Birr 5,000 
  P=40 
  A=? 

            …………Basic formula 

  …….Substitution  

        100A= (Birr 5000) (20) 

             A =  

              A= Birr 1,000  
Therefore, the amount deducted for income tax is Birr 1000. 
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Exercise 3D 
Solve each of the following word problems.  
1. In a group of tourists 34 are from U.S.A, 44 are from Japan, 64 are from 

Germany and 18 are from South Africa. What percentage of the group are 
from Japan? 

2. A student scored 16 out of 25 in mathematics test. What is the student's score 
in percent? 

3. If 25  of Tolla's salary is Birr 135.75, what is the amount of his full salary? 
4. Aster sold 18 oranges. If these are 12  of her total oranges, how many 

oranges are not sold? 
5. In woreda election where four candidates appeared for election, the winning 

candidate received 36,000 votes which represented 45  of the electorate. 
The other three candidates received 25 , 20  and 6  of votes each. How 
many of the electrorate voted? 

6. In a class where there are a total of 80 pupils, 20 are girls and the remaining 
are boys. What percent of the class are boys?  

7. In  a class where the number of girls is 36  of the total number, there are 48 
boys. How many students are there in the class?  

 

Challenge Problems 
8. The total attendance at aconcert in a  theater hall was 1500, of this total 400 

were children, 850 were women, and the remaning were men. Find the 
percent of the total attendance represented by: 

a. Children  b. Women  c. Men 
9. The base is one greater than the amount. If the percentage is 93.75, then find 

the amount and the base. 
10. Hiwot has Birr 46,000 in her account. If she plans to invest 26  of her 

saving in establishing a kindergarten, find the amount required. 
 

3.3. Application of Percentage in Calculation 

The concept of percentage is important for it represents a convenient way of 
expressing a certain types of information and it is used in solving many types of 
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real life problems. In this sub-section we wil easily compare quantities by means 
of percentage change i.e. by percenatage increase or percentage decrease. 
 

Percentage Increase  

Activity 3.5 

Discuss with your friends. 
 

1. Find the percentage change if:  
      a. a quantity increases from 400 to 600. 
      b. a quantity increases from 300 to 500. 
 2.  Find the percentage change from 20 to 60. 
 

Prices and salaries often increase by a percentage. In this section we will be 
finding a percentage of an amount, and then adding it to the original amount. 
That is: to increase a quantity by a given percentage. Find the percentage of the 
quantity and add it to the original quantity. 
 

 

 
Example 22: At the beginning of the year Aster had Birr 240 in her savings. At 

the end of the year she had managed to increase her savings to 
Birr 324. Calculate the percentage increase in her savings.  

 

Solution:    

 Actual change =Birr 324-Birr 240 
   = Birr 84 

    Percentage increase =  

   =  

   = 35  
Therefore, the percentage increase is 35 . 

i.e. percentage increase =  100  
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Example 23: The students population of a school increased from 3550 in 2001 
to 4620 in the year 2002. What is the rate of increase of the 
population between the two years? 

Solution:  Actual change = 4620-3550 
           = 1070 
 Percentage increase =  
     
                                            =  
     
                                             =  = 30.14% 
 Therefore, the perceantage increase is  
 

Percentage Decrease 
Activity 3.6 
Discuss with your friends. 
 

1. Find the percentage change if:  
      a. a quantity decreases from 600 to 400. 
      b. a quantity decreases from 500 to 300. 
2.   Find the percentage change from 80 to 30. 
Reductions in numbers or prices are often expressed by using percentage. To 
decrease a quantity by a given  percentage first find the perceantage of the 
quantity and then subtract it from the original quantity. 
 
 
 
 

Example 24: The number of student fail in chemistry test decreased from 15 to 
10. What is the percenatage decrease? 

Solution:   Actual change = 15-10=5 
          Perceantage decrease =  

            =  
            = 33  
 Therefore, the percentage decrease is 33  

Percentage decrease =  
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VAT/Value added tax/ 
VAT or value added tax is a tax imposed by the government on sales of some 
goods and services. 
 
 
 
 
 
 
 

Example 25: The price of a machine is Birr 3000  plus 15   VAT. How much 
is the VAT? 

 

Solution:    The VAT is 15  

  It is Birr 3000  

             = Birr 450  
         Therefore, the VAT is Birr 450. 
 Thus a person who buys this machine will pay Birr (3000 + 450) = Biir 3450  in 
total.  
 
 

Exercise 3E 
 

Solve each of the following word problems. 
1. A man buys a washing machine whose price VAT (value added Tax) is  

Birr 175. Its VAT is charged at 15 , how much did the man actually pay? 
2. 20  of an article is damaged and thrown away and only 20kg is left. Find its 

original weight. 
3. A retailer agreed to take 5000 ball point pen. However he found that 12  are 

faulty. What was the percentage decrement?  
4. Last year Abebe's salary was Birr 500. If he gets a 10  increment this year, 

what is his present salary. 
 

Challenge Problems 
5. A sales tax of 6  of the cost of a car was added to the purchase price of   

Birr 60,000. What is the total cost of the car including sales tax? 
 

 

 

 

 

Note: To apply VAT you add 15  extra on to the original cost. 
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3.3.1 Calculating profit and loss as a percentage  
Percenatages have a very wide application in every day transactions; one such 
application is the comparison of business transactions interms of percentage 
profit or loss. 
 

Activity 3.7 . 
Discuss with your teacher before starting the lesson. 
 

1. A shop keeper buys a pair of  shoes for Birr 180 and sells it for Birr 225. What is 
the percenatage profit? 

2. A rabbit hutch costs Birr 29 plus VAT at: 15 . What is the total cost including 
VAT? 

3. An article which cost Birr 150 was sold at a loss of 5 . What was the selling 
price? 

 

When goods are bought for a sum of money and sold on a different price, there is 
a gain or loss on the transaction according to the selling price which is more or 
less than the cost price.  
1.  Aprofit is made when the selling price is greater than the cost price. The 

amount of profit is the difference between the selling price and the cost price.  
           Therefore: 
 
To find the profit in percentage (  profit) you divide the amount of profit by the 
cost price and multiply by 100%.  
 
 
          Hence: 

 
 
 

2. A loss is made when the cost price is greater than the selling price. The loss is 
the difference between the cost price and the selling price.   

 

Profit = Selling price(S.p)- cost price (C.P) 

              Profit =  

    =  

    =  
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          Therfore: 

 
To find the loss in percentage (Loss ) you divide the amount of loss by the cost 
price and multiply by 100%.Hence:  

 
 
 
 
 
 

 

 

Example 26: A shop keeper buys a jacket  for Birr 500, and gives it a clean, 
then sells it for Birr 640. What is the percentage profit? 

 

Solution:  Cost price (C.P) = Birr 500 
  Selling price (S.P)= Birr 640 
  Percentage profit =? 

                profit =  

                             =  

                             =  

                             = 28  
 Therefoe, the percentage profit is 28 . 
 

Example 27 A damaged carpet which cost Birr 180 when new is sold for  
                      Birr 100. What is the percentage loss? 
 

Solution:  Cost price (C.P) = Birr 180 
          Selling price (S.P) = Birr 100 
          Percentage loss = ? 

                         loss =  100  

                         =  

loss= Cost price (C.P) –selling price (S.P) 

                Loss =  

     =  

     =  
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=  

=  

=  44.44% 

Therefore, the percentage loss is 44.44%. 
 

Example 28: An article which cost Birr 150 was sold at a loss of 5  what was 
the selling price? 

Solution:  Cost price (C.P) = Birr 150 
          Percentage loss = 5  
       Selling price (S.P)=? 

                         loss =  

                              5  =  
                      Birr 750 = Birr 15,000-100 S.P 
                     100(S.P) = 14250 Birr 

                                         S.P = 
100

14250 Birr 

                                         S.P = 142.50 Birr 
 Therefore, the selling price is Birr 142.50. 
 

Exercise 3F 
 

Solve each of the following word problems. 
1. By selling goods for Birr 175.50, a merchant made a profit of 17 . How 

much did the goods cost him? 
2. Adealer gained a 10  profit by selling an article for Birr 330.00. what was 

the original price of the article? 

3. A trader bought a TV set for Birr 2000 and sold it at a loss of 5 . What 

was the selling price? 
4. Girma bought 200 eggs for Birr 50 and sells them for Birr 0.30 each. Did he 

get profit? If so find his profit percenatage. 
5. A company earned a profit of Birr 880,000 last year and Birr 970,000 this 

year. What is the percent change in a profit between the two years? 
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6. A trader bought 40 shirts for Birr 220 and sold them at Birr 27 each. Did he 
gain or loss percentage? Find the percentage loss or profit accordingly 

 

Challenge Problems 
7. Shop keeper M sells some goods to N and makes a profit of 15 . N resells to 

P at a loss of 5 . If P pays Birr 13.11 how much did M pay for the goods? 
8. A profit of 24  was made when a book was sold for Birr 34.10, find the 

selling price that would have given a profit of  28 . 
 
 

3.3.2 Simple Interest  

Group work 3.6 
Discuss with your friends/partners/. 

1. Find the simple interest on   
       a. Birr 300 for 3 years at 5  
       b. Birr 525.00 for 4 years at 3 . 
       c. Birr 750 for 3 years and 4 moths at . 
       d. 750 dollars for  years at 3 . 
2. If the simple interest on a sum of money invested at 3  per annum for 44 

years is Birr 420, find the principal. 
 

When money is lent, particularly for business, the borrower is expected to pay 
for the use of the money. Charge the amount of money borrowed is called the 
principal and the charge made for the use of the money is called interest. 
 

Interest on money borrowed is paid at definite time intervals (monthly, 
quarterly, half-yearly or yearly). It is usually reckoned as a percentage of the 
principal for the period stated until the loan is repaid. 
 

The inerest paid on the original prinicipal only during the whole interest periods 
is called simple interest. Simple interest can be expessed interms of the basic 
interest formula as follows: 
 
 



   3   Ratio, Proportion and  Percentage 
 

 

     107 

 
 
 
 
 
 

 
 
 

Example 29: If Birr 1200 is invested at 10  simple interest per annum, then 
what is the amount after 5 years? 

 

Solution:  P= Birr 1200 
        R= 10  
        t= 5 years  
 A mount (A) =? 
           I = PRT………Given formula 

            = Birr 1200  

             = Birr 600 
Thus, Amount = princpale + interest 
  = Birr 600+Birr 1200 
  = Birr 1800 
 

Example 30: How long will it take Birr 300 to double itself if it is invested at 
the rate of 5  simple interest per annum?  

 

Solution:  I = PRT………Given formula 
        A= P+I 
        A= P+PRT 
        A= P(1+RT) 
 Birr 600 = 300 Birr (1+0.05T) 
             2= 1+0.05T 
            T=  
             T= 20 year. 
 

  

Interest = Principal  Rate  Time  

that is I= PRT where I= amount of intrest 

             P= principal 

 R= The interest rate per period (Expressed as percentage) 

 T = time (in years) 
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Example 31: Find the simple interest on Birr 700 at 12  rate for 3 months. 
Solution:  P = Birr 700 

         R= 12  
         T = 3 months =  year 
          I = ? 
          I= PRT 
  = Birr 700  

  =  

             = Birr 21 
  Therefore, the simple interest is Birr 21. 
 

Example 32: The simple interest for nine months at 8  is Birr 37.50. Find the 
principal.  

 

Solution:       T= 9 moths = 0.75 year 
  R= 8  
  I= Birr 37.50 
  P = ?  
  I = PRT …….Given formula  
  P=  

  P =  

  P=  
  P= Birr 625 
Therefore, The principal is Birr 625. 
 

Example  33:  If Birr 80 is earned on Birr 1600 in six month, at what rate of 
simple interest has the interest been earned? 

 

Solution:  I= Birr 80 
        P = Birr 1600 
       T= 6 month = 0.5 year  
       R =? 
        I= PRT ……..Given formula 
       R=  

       R=  
 Therefoe, the rate of the simple inerest is 10%  
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Exercise  3G 
 

Solve each of the following word problems 
1. Find the rate percent per annum at which Birr 142 will earn Birr 59.65 in 12 

years. 
2. If  Birr 1200 is invested at 10  simple interst per annum, then what is the 

amount after 5 years? 

3. Find the simple interest on Birr 126.42 for 6 years at 3  per annum. 

4. Find the time in which Birr 168.40 will earn Birr 29.47 at 5  per annum. 
5. Find the prinicipal which earns Birr 115.38 in 8 years at 4  per annum. 

6. Find the principal which amounts to Birr 142.83 in 5years at 3  per annum. 
7. Find the rate percent per annum at which Birr 380 earns birr 128.25 in 7 

years and 6 moths.  
 

 

Challenge Problems 
8. Over what period of time will be Birr 500 amount to Birr 900 at the rate of 

8% simple interest. 
9. A man borrows Birr 800 for 2 years at a simple interest rate of 20%. What is 

the total amount that must be repaid.  
 

Summary For Unit 3  

1. Ratio is a comparision of two or more quantities/magnitudes/ of the 
same kind, in the same unit. 

2. A proportion is the equality of two ratios. In a proportion, the product 
of the means equals the product of the extremes. This product is called 
the cross product of a proportion. That is, if =  or ad= bc. The cross 

product can be shown diagramatically as follows: 
 

 

 
 

Means Extremes   
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3. y is said to be directly proportional to x(written as y x) if there is a 
constant k, such that y=kx,   k is called the constant of proportionality. 

4. y is said to be in be inversely proportional to x (written y  if there is 

a constant k such that y=k. , where k is the constant of 
proportionality. 

5. Calculating Base, amount, percent and percentage  
 ⇒ percentage =  
   = Rate  Whole 

               ⇒ Base =  

 ⇒percent (Rate) =  

6. The functional relations among base (B), percent (P) and amount (A) 
can be summarized as: 

   

7. To incease a quantity by a percentage first find the percentage of the 
quantity and then add it the original quantity. 

8. To decrease a quantity by a percentage find the percentage of the 
quantity and subtract it from the original quantity. 

9. Percentage increase =  

10. Percentage decrease  =  

11. Percentage profit = . 

12. Percentage loss = . 

13. Simple interest over several years is calculated by assuming that the 
sum of money invested remains the same over those years and that 
the percentage rate of interest remains the same over those years.  

The formula for simple interest I is: 
  I = PRT 
Where R is the rate of interest (  
 T is the time (in years) 
 P is the principal (sum of money lent or borrowed). 
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Miscellaneous Exercise 3  
 

I. Write true for the correct statements and false for the incorrect ones. 
1. Ratio can be defined as “for every hundred terms”. 
2. 25:50 = 4x:8 if x=2. 
3. The ratio of 5 days to 1000 hrs is 3:25. 
4. Profit  = . 

5. If  , then the value of the expression  is 5. 

6. Percentage loss = . 
  

II. Choose the correct answer from the given four alternaives. 

7. In a school, 58  of the total numbers of students are boys. If the 
number of girls is 840, how many students are there in the class? 
a.  2000  b. 1800  c. 1500  d. 2100 

8. Birr 300 is invested at 6  simple interest per annum. How long will it 
take for the interest to amonut Birr 180?  
a. 12 years  b. 10 years   c. 8 years   d. 24 years 

9. The decimal form of 672.937  is  
a. 6.72937  b. 67.2937   c. 672.937   d. 6729.37 

10 . The simple interest on Birr 400 invested for 4 months was Birr 12.  
   What is the annual (yearly) rate of interest? 

a. 36   b. 4.8    c. 7     d. 9  
11 . If a,b and c are numbers such that a:b:c =2:3:5 and b= 30 then, find the  

  sum of a+b+c? 
a. 50   b. 60    c. 90    d. 100 

12 .  If A:B = 7:8 an B:C =12:7,find A:C in its simplest form. 
a. 2:3   b. 3:2    c. 19:6   d. 4:5 

13 .  Three members d, m, n are in the ratio 3:6:4. Find the value of  

a.    b.     c.     d.  
14 .  The ratio of the number of pigs to the anumber of horse in a farm is  

   2 to 3. If there are 24 horses, what is the number of pigs? 
a. 72   b. 48    c. 36    d. 16 

15 .  (x+4), (x+12), (x-1) and (x+5) are in proportion. Find the value of x. 
a. 15    b. 12    c. 16   d.. 20 
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16 .  If (2x+3y)  (x+5y) or x  y, then which of the follwong is true? 
a.      c. x= y  

b. x:y = (5k-3):2-k    d. all are correct  

17 .  Y is inversely proportional to cube root of x. what x= 
8
1  y = 2. Find the  

   constant of proportional. 
a.    b.    c. 1   d. 4 

18 .  If 95  of a is equal to b, then which of the following is ture? 
a. 95 a=b b. a<b               c. a = b   d. a>b 

19 .  which one of the following is not equal to the rest? 
a. 2  of 150   b.    c. 5  of 60  d. 6  of 50 

 
 

III. Work out problems  
20 . If a:b:c = 5:2:3, evaluate  

a. a-2b:3b-c   b. a+b+c: 5a    c. a-b: b+c 
21 .  A man's income is increased in the ratio 47:40. Find the increase 

percentage. 
22 .  If h:k = 2:5, x:y =3:4 and 2h+x:k+2y = 1:2, find the ratio h-x: k-y. 
23 .  In a school the number of girls exceeds the number of boys by 15 . 

Find the ratio of the numbers of boys to girls. 
24 .  In a given class room, the numer of girls is ten greater than the 

number of boys. If the ratio of the number of girls to the number of 
boys is 7:5 then find  
a. the number of girls 
b. the number of boys 
c. the total number of students  

25 .  A factory has 1200 workers of which 720 are male and the rest are  
    female. What percent of the workers are female? 

26 .  A trader bought aTV set for Birr 2000 and sold it at loss of 5  what  

    was the selling price? 
27 .  A merchant gains 15  by selling an article for Birr 150. By how much  

   does he sell it to double his profit? 
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Introduction  
   Collection of data form a group of things help us to understand more about these things 
in the group. To do this the collected data should be presented systematically or 
pictorially so as to analysis them. In this unit you will learn how to collect simple data 
and present them pictorially and do some calculation on them to study their nature or 
property.    

  

Unit outcomes: 

After completing this unit, you should be able to:  

 collect data and construct simple line graphs and pie 

charts  

for a given data.  

 calculate the mean, median and mode of a given data.  

 find the rage of a given data.  

 

444   
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