


In the set of natural numbers, if we include the number 0, the resulting set is known as the set of whols
numbers. It is represented by W.
Thus, w=1{0123,..}
To solve equation like (2), we added the number zero (0) to the collection of natural numbers and obtained numbers
01238
Properties of Whole Numbers
(i) Closure property of addition.
The sum of two whole numbers is again a whole number or, whole numbers are closed for addition.
(ii) Addition of whole numbers is commutative.
If a and b are any two whole numbers, then
atb=b+a
(iif) Addition of whole numbers is associative.
If a, b, ¢ are any three whole numbers, then
(@a+b)+c=a+(b+c)
(iv) The sum of any whole number and 0 is the whole number itself.
If a is any whole number, then
a+0=0+a=a
0 is called the identity element of addition (or additive identity) of whole numbers.
(v) The product of two whole numbers is again a whole number.  [Closure property of muis
(vi) Multiplication of whole numbers is commutative.
If @ and b are any two whole numbers, then
axb=bxa
(vii) Multiplication of whole numbers is associative.
If a, b, c are any three whole numbers, then
(axb)yxe=ax(bxc)
(viii) The product of 1 and any whole number is the whole number itself.
If a is any whole number, then
a-l=1l-a=a
This is called the multiplication property of 1.
1 is called the identity element for multiplication (or the multiplicative identity) of w ol
(ix) Multiplication of whole numbers is distributive over addition. DhstTirams
If a, b, c are any three whole numbers, then
ax(b+tc)=axb+axc

Integers
Now, consider an equation x+5=3
The solution of this equation is x=3-5,ie,x=-2.
But, -2 is not a whole number. Thus, there is a need to extend the number system further
The whole numbers together with the opposites of the counting
numbers, or negative numbers ie., {.., -4, -3, -2, —1} make up
the set of numbers, which we call the collection of integers. The
set of integers is denoted by Z.

Thus, Z = {...,-4,-3,-2,-1,0,1,2,3,4, .. } é
Referred to the set I, 1, 2, 3, 4, ... are called positive integers and
—1, -2, -3, -4, ... are called negative integers.
The number 0 is neither positive nor negative.




Properties of Integers
(i) Closure property of addition.
The set of integers is closed under the operation of addition because the sum of any two integers is
always another integer.
(ii) Addition of integers is commutative.
If @ and b are any two integers, then
at+tb=b+ta
(iii) Addition of integers is associative.
If a, b, c are any three integers, then
(a+b)+tc=a+(b+c)
(iv) The sum of any integer and zero is the integer itself.
If a is any integer, then a+0=0+a=a ;
0 is called the identity element of addition (or additive identity) of integers.
(v) For each non-zero integer ‘a’, there is an integer —a’such that
at(a)=(-a)+a=0
‘_ g’ is called the negative (or additive inverse) of a.
(vi) The product of two integers is always an integer. [Closure property of multiplication]
(viiy Multiplication of integers is commutative.
If @ and b are any two integers, then
axb=bxa
(viii) Multiplication of integers is associative.
If a, b, c are any three integers, then
(@xb)xc=ax(bxc)

(ix) The product of zero and any integer is always zero (0). [Multiplication property of 0]
If @ is an integer, then ax0=0
(x) The product of one and any integer is the integer itself. [Multiplication property of 1]

If @ is an integer, then ax1=1xa=a
1 is called the multiplicative identity for integers.
(xi) Multiplication of integers is distributive over addition and subtraction. [Distributive property]
If a, b, c are any three integers, then
ax(b+c)=axbtaxc

and ax(-c)=axb-axc
RATIONAL NUMBERS
Consider the equation =15 : - (4)

Does the solution exist in N, W or Z? No, there is no such number in these collections which will satisfy
the equation.

15 ; :
We need the number 5 to solve the equation. Thus, there is a need to extend the number system further.

A number which can be written in the form %, where p and ¢ are integers and g # 0 is called a rational

number. The set of rational numbers is denoted by Q. Thus Q = {li,%, 19, %, etc.}
A rational number may be positive, negative or zero.

The rational number % is positive if p and g have like signs, and negative, if p and g have unlike signs.

Rational Numbers _“



Hence, the set of numbers of the form g » includes zero, positive and negative integers, positive and negative
fractions. All such numbers are called rational numbers.

Numbers %, %; = %, -2, 0, 4, 1, %» etc, are rational numbers.
Remember
1. Aratwnaluumbensanumbermatcanbeexpressedasaﬁ-actlon ,whercpmdqaremtegersaa #0.

%, 3 is the numerator and 7 is the denommator

2. A fraction is a part of the whole or a collection. Fractions are always posmve.A rational numb
be positive, negative or zero. Every fraction is a ratlonal number bnt every muana? ﬂumber not a

fraction. For example, -——2~ is rational number but not a fractlon T

Positive Rational Numbers

A rational number which has both the numerator and the denominator with same sign, either posmve or
negative is a positive rational number.
=5 77

1
. 3 g 1 are positive rational numbers as their numerator and denominator have the

For example
same sign.

Negative Rational Numbers

A rational number with either the numerator or the denominator negative is a negative rational number.

For example, %’ % % 17 are negative rational numbers as only the numerator or the denominator

is negative.

0 5
Note that even 0, which can be written as 1° is a rational number.

Standard Form of a Rational Number

A rational number g is said to be in standard form if g is positive and the integers p and g have no common

divisor other than 1, i.e. HCF of p and g = 1 or p and q are co-primes.

For example, consider % Denominator of the rational number % is ~21, which is negative.

Multiplying the numerator and denominator of % by -1, we get

S12 _ 12Xl 12
21 2D)x(-1) 21
Greatest common divisor of 12 and 21 is 3.

: B dlpea 4
Now; 5 53 7

Hence, the standard form of a rational number :Tlf is %
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Lowest Form or Simplest Form of a Rational Number

A rational number _‘;1, g # 0 is said to be in the lowest form if its numerator p and denominator ¢ have no

common factor except 1, i.e., if p and g are relatively prime to each other. For example,
= - = =
) E?_ S (Lowest form)  (i7) :% = % (Lowest form)  (iif) % (Lowest form)

Equivalent Rational Numbers

Equivalent rational numbers have the same value.

P kp

it £ isa given rational number and k is a non-zero integer, then P _ Q Here, < and - are called
q q kg q  kq
equivalent rational numbers.

4 26.2x2 4 _2V_2><5_Q
For example, Eoao . Also, 3 *'___3><5 =

Therefore, % % and % are equivalent rational numbers.

pm
gTm

Again, if % is a given rational number and m is a common divisor of p and g, then % =

For example cSeass
example, 5o

-5 4
18 4856173 Qs =9

Also, 5= 24-6 4 36369 4
Therefore, }2%’ %’ i—’é—: %are equivalent rational numbers.
Equality of Rational Numbers (Using Cross Multiplication)

Two rational numbers % and % are equal, i.e., %= -c% iffaxd=bxc

— Numerator of first x Denominator of second = Denominator of first * Numerator of second

For example, %=% only if 5 x 21 =7 x 15.

Now, 5 x 21 =105 and 7 x 15 = 105. As 5 x 21 = 7 x 15 (each product = 105), so %=;—f{

%Rememﬁer :
1. The set of rational numbers is denoted by Q and includes all positive numbers, negative numbers

and zero that can be written as a ratio (fraction) of one number over another.

2. A rational number is positive when both numerator and denominator have same sign, else negative.
In other words, a rational number is negative, if its numerator and denominator are of the opposite
signs. That is negative rational numbers can be written as a fraction that have a value less than zero.

3. A rational number % is said to be in the standard form if b is positive, and the integers a and b have

no common divisor other than 1.

4. A rational number % is said to be in the lowest form or simplest form if and b have no common

factor other than 1.
5. Equivalent rational numbers are those numbers which have same value but are represented in different
ways.

Rational Numbers t




5 R B T e st 2 R 102 SRR
Forexample, 3 = 3x5 ~ 3x3  3x4 3x5 thatis 7=% =9 712 15 1lareeqmval§ntmnona1

aumbers. We can write infinite rational numbers equivalent to a given rational number.

Each of the equivalent fractions have same value.

4

6. Let % and % are two rational numbers, then % = ~;— only when ad = bc and b # % when ad # be.

Solved Examples omaRe L T

1. Define rational number. Give at least six examples of such numbers.

Sol. A number which can be written in the form %— , where p and g are integers and g # 0 is called a rational
number.
3—52-211#1921 & {
Examples: e B e T " are all rational numbers.

2. Express % as a rational number with denominator as 21, 35 and 49.

: 230 3 : 4
Sol. Toconverta rational number = with denominator 21, we multiply the denominator and numerator by 3.

7

@our 223 _ 6

7 e 3l
Similarl Ll R Bt
. e e L e Wils o

3. Which of the following rational numbers are positive or negative?
SRt 3883 29

S .8 et 17118 Al
T iy w893

Sel. 9’ a7 7’ 118 are positive rational numbers as their numerators and denominators have the

same sign.
£4 Drgpoc 129 : : ! . ;
e T T M negative rational aumbers as only the numerator of the denominator is negative,

that is, its numerator and denominator have opposite sign.

4. State whether the following statements are true (T) or false (F).

) If % is a rational numbet, then s cannot be equal to zero.

(ii) Every fraction is @ rational nymber.

(iii) O is a whole number but it is not a rational number.

(iv) Every integer is a rational number.

Sol. (i) As fractions with zero denominators often lead to meaningless solution because dividing by zero
is an invalid operation. ' ;
So, if % is a rational number, then s cannot be equal to zero, is a true statement.

(ii) Any number that can be written in fraction form is a rational number. A rational number isa
number that can be expressed as a fraction of two integers p and ¢. Hence, the given statement,
every fraction is 2 rational number, is a true statement.

(iii) The given statement is false because 0 is a whole number and also 0 is a rational number.

(iv) Every integer is a rational number, since each integer x can be written as % . For example, —3 is an

3 -3 : , E :
integerand -3 = and thus -3 is a rational number because rli is a fraction whose numerator

Mathematic
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and denominator are integers. Hence, the given statement, every integer is a rational number, is 2
true statement.

5. Fill in the blanks to make the statement true'

(i) The equivalent rational number of & whose numerator is 45 is .................... .

(i) The equivalent rational number of %’ whose denominator is 45 is .................... ;

(iii) % and 192 .................... fractions.
(iv) The lowest form of rational number % B -
(v) The lowest form of —— 2 6 s :
Sol. (i) B %04 145,
P Totek e -
. The equivalent rational number of w’ whose numerator is 45 is —5 63
7 Tx5-. 35

() §=9x5 =45 1
*. The equivalent rational number of *’ whose denominator is 45 is 5

e e L R - HCF of9and 12133
3 i and % are equivalent fractions.
(iv) % :1”8) g % [~ HCF of 18 and 30 is 6]
~. The lowest form of rational number % is g
) _2163 —%=;—1 [~ HCF of 13 and 26 is 13]
~. The lowest form of —%— is _2—1

6. Select the rational numbers from the list which are also the integers.
8 9 1 6 55k Tilueloids 3 B=bic Bdmde el ond oo o8B

Sol. In the given list of numbers, there are rational numbers which are not integers and there are rational
numbers which are integers.

Sl 51 Ji g
4 d4+4. 1
[Dividing numerator and denominator by common divisor 4]
So, & = 2, which is an integer.
St D@ endink Jeo b o GGy Binc
Similarly, 3 1%7 i 3 3 33 1 s
LR e Pl M e e e S i
R T R T W S
<1 A S RS
i TN g N
St aoms e
2 22 1
8 96 4310 -1 -2 -4 -
Hence, g e S T EE rational numbers which are also integers

Rational Numbe



7. Select those which can be written as a rational number with denominator 4.
L 64 =36 .16 5 140

Sol &:M:& 3_6= M=;12_
. 16 164 4° —-12 -12 + (-3) 4
8- an(d) 5 140 _ 140+7 _ 20
LR ST il i Tl

64 36 35 140 ; ; : :
Hence, 16° _12° —4° og can be written as a rational number with denominator 4.

Ll
s Miscellaneous Solved Exam_pfes e

There are four options (Q1 and Q2) out of which only one is correct. Choose the correct option.
1. A4 number which can be expressed as g where p and q are integers and q # 0 is

(a) natural number  (b) whole number. (c) integer (d) rational number
Sol. A number which can be expressed as i;’w where p and g are integers and ¢ # 0 is rational number.
.. (d) is the correct answer.
2. A number of the form f is said to be a rational number if
(a) p and q are integers (b) p and q are integers and q # 0
(¢) p and q are integers and p # 0 (d) p and q are integers and p # 0 and qg#0
Sol. A number of the form 5 is said to be a rational number if p and ¢ are integers and ¢ # 0.
= (b) is the correct answer,
3. Fill in the blanks to make the statements true.

3
(i) The equivalent rational number of 5 whose numerator is 33 is ........ .

(if) The equivalent rational number of é: whose denominator is 36 is ... ;
g 9
e X1 33
Sx]e55
[Multiplying numerator by 11 and therefore denominator by 11 to get 33 as numerator]

.. The equivalent rational number of = whose numerator is 33 is s

5 a5
S Sa

.5 romg = 36

.. The equivalent rational number of "3' whose denominator is 36 is %

4. In each of the following, state whether the statements are true (T) or false (F).

Sol. (i) %

0 If % is a rational number, then y is always a whole number:

(i) If g is a rational number, then p cannot be equal to zero.

- A ;
(i) If S Bsa rational number, then s cannot be equal to zero.

L 12 2 Mathematics- Vi




Sol. () If % is a rational number, then x and y are integers and y # 0.
So, the given statement is false (F).
(@) If 5 is a rational number, p, g are integers and g # 0, s0 p can be equal to zero because 0 is an integer.
Hence, the given statement is false (F). ;
(i) If f is a rational number, then , s are integers and s # 0.

Hence, the given statement is true L)
5. Pick out the positive rational numbers Jrom amongst the following:
2, —2 _g_ —2
3 St
Sol. We know that a rational number jl is said to be positive if, p and ¢ have like signs, and negative if,
P and g have unlike signs.

So, the positive rational numbers are % and —g—

6. Explain why we do not include numbers like i, _(1}—9, 8—3’ where zero is in the denominators in

0
rational numbers.

Sol. We know that division by zero (0) is not possible, so we do not include numbers like %, (1)9, —03

in rational numbers. A rational number is a number of the form 5, where p and ¢ are integers and
qg=0.

7. When is a rational number said to be in the standard form? Write the Jollowing rational numbers in
LA s R
My 3. g

Sol. A rational number in the lowest form is said to be in the standard form if its denominator is positive.
The standard form of 5~ 6 2.3
The standard form of 114% %__1—% = 1—{4—
The standard form of T9 = _39 _+33 = 113—
The standard form of%—%%=273_

=5 S5+ -
The standard form of — e ToCn 9

Pick out the rational number from the Jollowing list which is not equal to %

=]
s

Sol e e
s -5 Sl AT S S5-I oig=a - 5
:£=H12+(—4)=i i()_=30+10=i
=20 20 Gd)s 5 S 85010 =5
-3 =3
But,??és.

Hence, the rational number which is not equal to % is =

Rational Numbers “




9. Write % in five different forms. For example, Eig
x
Sol. We know that a rational number may be replaced by an equivalent rational number 2 - z > where k is
any positive or negative integer. q

2 ik & g S 10
So, g 0xt 8. B iBdlo 45’

bR e T e

g ek T 9 Sy 77

R, . il s 5

D 0D bl

i Exercise 1.1

1. What is a rational number? Give five examples of rational numbers.
2. What are positive and negative rational numbers? Give three examples of each.
3. (i) Which of the following rational numbers are positive and which are negative?
T Bantls 55 5
9" 9 15 13 .-5
(if) Is every natural number a positive rational number?
(iii) Is every rational number a whole number?
4. What is the standard form of a rational number? Give five examples.

5. (i) Express % in standard form.

(if) Express E;% in standard form.
6. (i) What do you understand by lowest form of a rational number? Give some examples.
4 e
(ii) Reduce: 33 and 29 lowest terms.
7. What do you understand by equality of rational numbers? Give some examples.
8. What are equivalent rational numbers? Give some examples.
9. Fill in the blanks:

(i) Standard form of -1 is >

(if) Every fraction is a .............. number.
(iid) 20 and T rational numbers.
=4 Bl

(iv) =7 17 21 T SRR O rational numbers.

ADDITION AND SUBTRACTION OF RATIONAL NUMBERS

1. When the rational numbers have same denominators
When we add or subtract rational numbers that have the same denominator, we add or subtract only the
numerators. The denominators stay the same.

| o =
| Let £ and = be two given rational numbers then P, Ir_PY g2 TP
q q - i q e s q
+ ——
t - Sum of‘}q2 and g = 277 nd their difference = et
‘ B 4 -6 4 _COF4 8 5 _8-3_3
For example, () FERRmer ) + 17 = i1~ et o SO ei T
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