Concepts Associated With Irrational Numbers 

In earlier days, people used the barter system as a mode of exchange. They used to exchange their things for other things. As human civilization started to evolve, people felt the need for numbers. The requirement for numbers primarily originated from the need to count, which helped people in recognizing and comparing their assets. They used the numbers 1, 2, 3, 4, 5, and so on. In the early ages, these numbers served the people for many years because all they needed to count was their crops, goods, and animals. Later on numbers such as zero, integers, rational numbers, irrational numbers, etc. were introduced.


Let us discuss some examples to identify whether the given numbers are rational numbers or irrational numbers.

Example 1:
Check whether the given numbers are rational numbers or irrational numbers.
(a). (7 –[image: image1.png]


) + [image: image2.png]



(b). 11 + [image: image3.png]



(c). 0
(d). 2[image: image4.png]



(e). [image: image5.png]



(f). [image: image6.png]121





(g). [image: image7.png]V289




(h). 5.012896896896…
(i). 7.1931931934…
(j). 0.0787887888…
Solution:
(a). We have (7 –[image: image8.png]


) + [image: image9.png]


= 7 –[image: image10.png]


 + [image: image11.png]


= 7, which is a rational number.

Hence, the number (7 –[image: image12.png]


) + [image: image13.png]


is a rational number.

(b). 11 + [image: image14.png]


cannot be simplified furtherand this number contains11 as a rational number and[image: image15.png]


, which is an irrational number. However, we know that the algebraic operation of any rational number with an irrational number is an irrational number.

(c). 0 = [image: image16.png]-




This number is of the form[image: image17.png]= |



, where p = 0 and q = 1 are integers and q ≠ 0.

Hence, 0 is a rational number.

(d). 2[image: image18.png]


 = 2 × [image: image19.png]


= Product of a rational number i.e., 2 and an irrational number i.e.,[image: image20.png]


.

However, we know that the algebraic operation of any rational number with an irrational number is an irrational number.

Hence, 2[image: image21.png]


 is an irrational number.

(e). [image: image22.png]


= [image: image23.png]o=



is of the form[image: image24.png]= |



, where p = 7 and q = 9 are integers and q ≠ 0.

Hence, [image: image25.png]


is a rational number.

(f). [image: image26.png]121




= [image: image27.png]11
62




Thealgebraic operation of any rational number with an irrational number is an irrational number.

Hence, [image: image28.png]121




is an irrational number.

(g). [image: image29.png]V289



= 17 = [image: image30.png]



This number is of the form[image: image31.png]= |



, where p = 17 and q = 1 are integers and q ≠ 0.

Hence, [image: image32.png]V289



is a rational number.

(h). 5.012896896896…

The decimal expansion of this number is non-terminating and repetitive

(repetition of 896). Hence, this is a rational number.

(i). 7.1931931934…

It looks like a non-terminating and repetitive decimal number. However, it is a non-terminating and non-repeating decimal number as the first 6 digits after the decimal are 193193 (repetition of 193) but the next digits are 1934. Hence, altogether, no number is repeating itself.

Hence, it is an irrational number.

(j). 0.0787887888…

There are infinite numbers of digits where the 8s between the 7s keep increasing by one. Hence, it is a non-terminating and non-repetitive decimal number.

Hence, the given number is an irrational number.

Conversion of Fractions into Corresponding Decimal Equivalents 

We know that a real number may be rational or irrational. We can easily distinguish between them by looking at their decimal equivalents.

Let us start with a few examples of rational numbers.

[image: image33.png]


.

Let us find the decimal expansions of these three rational numbers. We use the long division method here as
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We can see that in one case, the remainder is zero and in the other two cases, it is not. Therefore, we can now have two separate cases.

Case I: When the remainder is zero
In this case, the remainder is zero and the decimal expansion terminates after a finite number of digits after the decimal point. In the decimal expansion of[image: image37.png]|



, we can see that the remainder becomes zero and the decimal number obtained is 0.625.

Case II: When remainder never becomes zero
In this case, the remainder never becomes zero and the corresponding decimal expansion is non-terminating and. In the decimal expansions of[image: image38.png]


, we can see that the remainder never becomes zero. Thus, their corresponding decimal expansions are non-terminating.

We can now say that

	The decimal expansion of rational numbers is either terminating or non- terminating and repetitive.


Whenever we divide 2 by 7, we get 0.285714285714……… Here, the group 285714 is repeated. Therefore, we can write[image: image39.png]0285714

%:0,28571428571



.

Here,[image: image40.png]0285714



 means that the group of digits 285714 is repeating.

Similarly, we can write 17.450236236236……as [image: image41.png]17.450236



because only the group 236, out of the group 450236236236, is repeating. Hence, we put the bar symbol ‘[image: image42.png]


’ only on 236 and not on the whole group i.e., 450236236236.

Now, consider the irrational number π. The approximate value of π is[image: image43.png]


. The decimal expansion of π is 3.14159265358…, which is non-terminating and non-repetitive.

In the same way, the decimal expansion of[image: image44.png]414213562373...



is non-terminating and non-repetitive.

Thus, we can say that

	For irrational numbers, the decimal expansion is non-terminating non-repetitive.


Let us look at some examples to illustrate this concept better.

Example 1:
Write the decimal expansion of [image: image45.png]=W



and find whether the number is rational or irrational. 
Solution:
The decimal expansion of[image: image46.png]|



, using the long division method, is 0.428571428571 …
= [image: image47.png]0.428571




The decimal expansion of[image: image48.png]|



is non- terminating and repetitive. Thus, the number[image: image49.png]|



is rational.

Example 2:
Find the decimal expansions of the following rational numbers and state their type.
(a). [image: image50.png]65
101




(b). [image: image51.png]923
400




(c). [image: image52.png]



(d). [image: image53.png]67
100




Solution:
(a)
[image: image54.png]



We have[image: image55.png]5
101



 = 0.64356435… = [image: image56.png]0.6435



.

The given fraction has a non- terminating and repetitive decimal expansion as the digits 6435 are repeated after the decimal point.

(b)
[image: image57.png]23075
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We have[image: image58.png]923
400



 = 2.3075.

Hence, the given fraction has a terminating decimal expansion.

(c)
[image: image59.png]



We have[image: image60.png]


 = 0.3737… =[image: image61.png]037



.

The given fraction has a non- terminating and repetitive decimal expansion as the digits 37 are repeated after the decimal point.

(d)
[image: image62.png]0.67
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We have[image: image63.png]o
100



 = 0.67

Hence, the given fraction has a terminating decimal expansion.

Conversion Of Decimals Into Fractions 

[image: image64.png]375
100



and 3.75

Do the above numbers represent the same number?

Yes, the above given numbers represent the same number. The first one is the fractional form and the second one is the decimal form of the number.

We know how to convert a fraction into a decimal number. Let us consider some more fractions and their decimal forms.

(i) [image: image65.png]10



= 6.5

(ii) [image: image66.png]


= 0.9

(iii) [image: image67.png]34
100



= 0.54

(iv) [image: image68.png]593
1000



= 0.593

(v) [image: image69.png]243

100000



= 0.00243

From the above examples, we can observe a similarity between the rational (fractional) number and the decimal number obtained after carrying out the division.

Let us consider[image: image70.png]593
1000



 = 0.593

We can list the similarities as given below.

1. The number of digits in the decimal form after the decimal point is equal to the number of zeroes in the denominator of the fraction.

In [image: image71.png]593
1000



= 0.593, there are 3 digits after the decimal point and there are 3 zeroes in the denominator

	[image: image72.png]593

000]




=[image: image73.png]593]







2. The denominator of the fractional number always has 1 before zeroes.

3. The digits in the numerator of the fraction as well as in the decimal form are the same. The only difference is that in fraction, there is no point and in the decimal form, there is a point.

In [image: image74.png]593
1000



= 0.593, the digits in the numerator of the fraction and the digits in the decimal form are the same i.e., 593.

	[image: image75.png][593]
1000




= [image: image76.png]593]







Using the above similarities, we can convert a decimal number into a fraction.
Express the number 2.25 in the form of[image: image77.png]


.
Solution:
We have to convert 2.25 into a fraction.

Let x = 2.25

Here, the number of digits after the decimal is 2, therefore, we can write

2.25 = [image: image78.png]225




= [image: image79.png]25
100




On simplification, we obtain

2.25 = [image: image80.png]=e




Thus, the number 2.25 can be written in the [image: image81.png]= |



form as[image: image82.png]ER-)



.

Convert 0.00052 into a rational number.
Solution:
Here, the number of digits after the decimal is 5, therefore, we can write

0.00052 = [image: image83.png]52

100000



= [image: image84.png]13
25000




Thus, [image: image85.png]13
25000



is the rational form of 0.00052.

Find the rational form of the following numbers.
(a) [image: image86.png]2.35961




(b) [image: image87.png]



Solution:
(a)
Let x = [image: image88.png]235961




x = 2.35961961 … (1)

Multiplying both sides by 100, we obtain

100x = 235.961961961 … (2)

Multiplying equation (2) by 1000 on both sides, we obtain

100000x = 235961.961961961 … (3)

On subtracting equation (2) from equation (3), we obtain

99900x = 235726

x = [image: image89.png]235726
99900





Thus, [image: image90.png]117863
49950




is the rational form of[image: image91.png]235961



.
(b)
Let x = [image: image92.png]0.059




x = 0.0595959 … (1)

Multiplying equation (1) by 10 on both sides, we obtain

10x = 0.595959 … (2)

Multiplying equation (2) by 100 on both sides, we obtain

1000x = 59.595959 … (3)

On subtracting equation (2) from equation (3), we obtain

990x = 59

x = [image: image93.png]=
990




Thus, the rational form of [image: image94.png]0.059



is[image: image95.png]=
990



.

We can also represent[image: image96.png]


 in another way. Let us discuss it.

For this, we draw a number line and mark the integers −2, −1, 0, 1, 2, 3, 4, etc. on it, so that the distance between any two consecutive integers is one unit. On this number line, we mark O and A at the points 0 and 2 respectively. At A, we draw AB of unit length which is perpendicular to OA. Now, we join OB. Taking O as the centre and OB as the radius, we will draw an arc which cuts the number line at P.

[image: image97.png]



Now, point P represents the irrational number[image: image98.png]


on the number line. Let us verify it.

Using Pythagoras theorem in ΔOAB,

OB2 = OA2 + AB2
= 22 + 12
= 4 + 1

= 5

[image: image99.png]OB=45




But OP = OB

[image: image100.png]



In this way, we represent irrational numbers using the concept of Pythagoras theorem. In order to represent any irrational number on the number line, we have to find two numbers such that the sum of their squares is equal to that number.

Represent[image: image101.png]


on the number line.
Solution:
To locate[image: image102.png]


 on the number line, we have to follow the steps given below.

(1) Draw a line and mark a point A on it. Mark points B and C such that AB = 6.7 units and BC = 1 unit.

(2) Find the mid-point of AC and mark it as M. Taking M as the centre and MA as the radius, draw a semi-circle.

(3) From B, draw a perpendicular to AC. Let it meet the semi-circle at D. Taking B as the centre and BD as the radius, draw an arc that intersects the line at E.

[image: image103.png]67 units





Now, the distance BE on this line is[image: image104.png]


 units.

Operations on Irrational Numbers

We have already learnt how to perform operations such as addition, subtraction, multiplication, and division on rational numbers, integers, decimals, etc. Performing these operations on irrational numbers is also possible. However, before learning to perform operations on irrational numbers, we first need to know the concept of like and unlike terms.

Let us learn what ‘like’ and ‘unlike’ terms are.

Like Terms
The terms (single terms) whose irrational parts are the same are known as like terms.

For example, [image: image105.png]


and [image: image106.png]3

g



are like terms because the irrational part of both these numbers is[image: image107.png]



Unlike Terms
The terms whose irrational parts are not the same are known as unlike terms.

For example, [image: image108.png]


and [image: image109.png]


are unlike terms because the irrational parts of both these numbers are different[image: image110.png]


 and[image: image111.png]


.

Remember
Only like terms can be added or subtracted in the operations of irrational numbers.

Let us understand this concept with the help of a few examples.

Example 1:
Add [image: image112.png]27+53



and[image: image113.png]W7-243



.
Solution:
[image: image114.png](27 +53)+ (347 -243) = (247 + 37 ) + (533 - 243) (Collecting like terms)
=(@+3)VT+(5-2)V3
=5J7+33




Example 2:
Multiply [image: image115.png](3v7+2413)



with[image: image116.png]


.
[image: image117.png](37 +2413)x 5 = (37 x5 ) + (2413 x5)

=3J7x5+2J13:5
=335 + 2465




Example 3:
Simplify the expression[image: image118.png](5+7)(V7-2)+(3+3)



.

Solution:
[image: image119.png](54 7)(7-2)+ (34B) = (3+7) (7 -2) + (3+5)(3+ )
= 5VT 5% 24 YT x T =T x2+3x3+3x3+3x3+3 %3
=5VT-10+7-2J7+9+643+3

=3J7+63+9




Example 4:
Divide [image: image120.png]


by[image: image121.png]


.
Solution:
[image: image122.png]821
W7



= [image: image123.png]8733




= [image: image124.png]



Example 5:
Prove that [image: image125.png]


+ [image: image126.png]


=[image: image127.png]J150



.
Solution:
We have to prove that[image: image128.png]


 + [image: image129.png]


= [image: image130.png]J150




Left hand side = [image: image131.png]


+ [image: image132.png]



= [image: image133.png]2x2x2x3



+ [image: image134.png]



= 2[image: image135.png]


 + 3[image: image136.png]



= 2[image: image137.png]


 + 3[image: image138.png]



= 5[image: image139.png]



Right hand side =[image: image140.png]J150



 = [image: image141.png]2x3x5x5



= 5[image: image142.png]



Hence, LHS = RHS

Hence,[image: image143.png]


 + [image: image144.png]


= [image: image145.png]J150




Closure Property of Rational and Irrational Numbers

In order to study the closure property of rational and irrational numbers, we first need to know the meaning of the term ‘closure property’.

For this purpose, let us consider two integers, –5 and 8. Their sum is 3 and their difference is –13, which are also integers. Thus, we can say that integers are closed with respect to addition and subtraction,or, in other words, we can say that integers satisfy the closure property under addition and subtraction.

Let us now discuss the closure property of rational and irrational numbers under different algebraic operations such as addition, subtraction, etc.

1. Closure Property under Addition
Let us test whether the sum of two rational numbers is a rational number or not.

To test this, let us take two rational numbers, [image: image146.png]and =



. The sum of [image: image147.png]


is[image: image148.png]2141031
35




, which is a rational number.

We observe from the above example that the sum of rational numbers is always a rational number as we had taken the two numbers randomly.

Thus,we can say that rational numbers are closed under addition.

Unlike rational numbers, irrational numbers are not closed under addition.

For example, let us take two irrational numbers, [image: image149.png]Vand 243



. The sum of these irrational numbers is[image: image150.png]B+2J3=33



, which is an irrational number. However, if we take two irrational numbers,[image: image151.png]35 and (-345)



, then their sum is[image: image152.png]3J5+(-345)=0



, which is not an irrational number.

Thus, we can say that the sum of two irrational numbers is not necessarily an irrational number.

2. Closure Property under Subtraction
Rational numbers satisfy the closure property under subtraction, while irrational numbers do not satisfy closure property under subtraction.
This means that the difference of two rational numbers is always a rational number but the difference of two irrational numbers is not necessarily an irrational number.

For example, let us consider two rational numbers, [image: image153.png]


.

We find that [image: image154.png]7 _13_-14-143 157

1 2 2 2




, which is a rational number.

Now, let us take two irrational numbers, [image: image155.png]547 and 647



. The difference of these irrational numbers is[image: image156.png]5VT-687=-\7



, which is an irrational number. However, if we take two irrational numbers,[image: image157.png](~10V13) and (10413 )



, then their difference is[image: image158.png](-10413)~(~10¥13) = -10J13 +10V13 =0



, which is not an irrational number.

From the examples shown above, we observe that the difference of two irrational numbers may or may not be an irrational number. Thus, irrational numbers are not closed under subtraction.

3. Closure Property under Multiplication
Rational numbers are closed under multiplication because the product of two rational numbers is always a rational number.

For example, the product of [image: image159.png]W ang €29




is [image: image160.png]ﬂx[’z‘sj,“x(’%) -2
Bs 13x5 5



, which is a rational number.

On the other hand, the product of two irrational numbers is not always an irrational number.

For example, the product of[image: image161.png]


 and[image: image162.png]


 is[image: image163.png]Gx5=3x5=15



, which is an irrational number where as, the product of [image: image164.png]J5 and 245



is [image: image165.png]V3x2y5 =2(J5x5)=2x5=10



, which is not an irrational number.

Thus, irrational numbers are not closed under multiplication.

4. Closure Property under Division
To understand the closure property of rational numbers under division, let us take the following example.

Consider two rational numbers, [image: image166.png]


. The quotient of these rational numbers is[image: image167.png]_Hx3_33
2x7 14




, which is a rational number. Now, let us take two other rational numbers, [image: image168.png]


. The quotient of these two rational numbers is[image: image169.png]19x1_19
3x0




, but [image: image170.png]


cannot be defined as 0 is present in the denominator.

From the examples shown above, we observe that the quotient of rational numbers may or may not be a rational number.Thus, rational numbers are not closed under division.

Now, let us check the closure property of irrational numbers.

Let us take two irrational numbers, [image: image171.png]V15 and 3



. The quotient of these irrational numbers is[image: image172.png]NERNES %: 5



, which is an irrational number. If we take two irrational numbers, [image: image173.png]5.2 and 92



, then the division of these two numbers will give us [image: image174.png]


is not an irrational number.

From the example shown above, we observe that the quotient of irrational numbers may or may not be an irrational number. Thus, irrational numbers are not closed under division.

So far, we have discussed the closure properties of rational and irrational numbers.

Now, let us take an example to illustrate the property better.

Example 1:
Give examples of two irrational numbers whose
1. sum is a rational number
2. sum is an irrational number
3. difference is a rational number
4. difference is an irrational number
5. product is a rational number
6. product is an irrational number
7. quotient is a rational number
8. quotient is an irrational number
Solution:
(a) Let us consider two irrational numbers,[image: image175.png]


 and[image: image176.png]


.

The sum of these two numbers is ([image: image177.png]


) + ([image: image178.png]


) = [image: image179.png]


+ [image: image180.png]


= 4,

which is a rational number.

(b) Let us consider two irrational numbers,[image: image181.png]


 and[image: image182.png]


.

The sum of these two numbers is ([image: image183.png]


) + ([image: image184.png]


) = [image: image185.png]


+ [image: image186.png]


=[image: image187.png]


, which is an irrational number.

(c) Let us consider two irrational numbers,[image: image188.png]V2+3



and[image: image189.png]


.

The difference of these two numbers is ([image: image190.png]V2+3



) – ([image: image191.png]


) = [image: image192.png]V2+3



– [image: image193.png]V2+5



= 8, which is a rational number.

(d) Let us consider two irrational numbers [image: image194.png]win



and[image: image195.png]?zﬁ



.

The difference of these two numbers is [image: image196.png]


– [image: image197.png]


= [image: image198.png]win



–[image: image199.png]§+2JK



 =[image: image200.png]


, which is an irrational number.

(e) Let us consider two irrational numbers [image: image201.png]T+43



and[image: image202.png]


.

The product of these two numbers is ([image: image203.png]T+43



) ([image: image204.png]


) = 7([image: image205.png]


) +

[image: image206.png]


([image: image207.png]


) = 49 –[image: image208.png]283



+ [image: image209.png]283



– [image: image210.png]


× [image: image211.png]


= 49 – 4 × 4 × 3 = 49 – 48 = 1, which is a rational number.

(f) Let us consider two irrational numbers 2 + [image: image212.png]


and 5 +[image: image213.png]


.

The product of these two numbers is (2 +[image: image214.png]


) (5 +[image: image215.png]


) = 2(5 +[image: image216.png]


) + [image: image217.png]


(5 +[image: image218.png]


) = 10 + 2[image: image219.png]


 + 5[image: image220.png]


 + [image: image221.png]


= 10 + 2[image: image222.png]


 + 5[image: image223.png]


 + 3[image: image224.png]


, which is an irrational number.

(g) Let us consider two irrational numbers, 4 + 3[image: image225.png]


and 12 + 9[image: image226.png]


.

The quotient of these two numbers is[image: image227.png]443411
124911



 = [image: image228.png](@ +3J11)
3@+3411)



=[image: image229.png]


, which is a rational number.

(h) Let us consider two irrational numbers, 3[image: image230.png]


and 6[image: image231.png]


.

The quotient of these two numbers is[image: image232.png]


 =[image: image233.png]


, which is an irrational numb

Simplifying Expressions using Identities Related to Square Roots

Consider the expression[image: image234.png]2+3)V2-3)



.

Can we solve this expression?
Yes, we can. To solve this expression, we need to multiply each term in the first bracket with each term in the second bracket.

Let us solve this expression.

[image: image235.png](V2 +B3)V2-V3) =V2x2 -2 x B +Bx V2 -B3x3
=2-J6+6-3
=2-3
=-1




Is there a simpler way of simplifying the given expression?

Yes, there is. We can solve it by using the identity given in the box.

	[image: image236.png](Vx+{y)(Va-p)=x-»






On using this identity, we have

[image: image237.png]V2+B3)2 -3





Note that the value derived by using the identity is the same as that calculated by the longer method.

Let us now study some more identities before we learn how to solve expressions in square roots.

	If we consider x, y, p,and q to be positive real numbers, then
(i) [image: image238.png]



(ii) [image: image239.png]



(iii) [image: image240.png](Vx+{y)(Va-p)=x-»




(iv) [image: image241.png](Vx+y)(Vx-p)=x-y




(v) [image: image242.png](x=\r)(x+p)=x"-y




(vi) [image: image243.png](&+5)‘=x+y+zﬁ




(vii) [image: image244.png](Ve -] =x+y -2




(viii) [image: image245.png](Vo +a ) (Va+ ) =px+ oy +ax +Jay






Using these identities, we can solve any expression very quickly. Now, let us solve some questions using these identities.

Example 1:
Simplify the following expressions using identities.
(a) [image: image246.png](VI3-V10)(Vi3+410)




(b) [image: image247.png](3-V5)(3+5)




(c) [image: image248.png](V31-5)(V31+5)




(d) [image: image249.png]NaeNm




(e) [image: image250.png](Vo a1y




(f) [image: image251.png](V2+43)(V7+V23)




Solution:
(a) [image: image252.png](VI3-10)(V13++10)




This expression is of the form[image: image253.png](Ve ) (vx-)



, where x = 13 and y = 10.

On using the identity[image: image254.png](Ve ) (Vx=y)=x-»



, we obtain

[image: image255.png](VI3-10)(V13++10)



= 13 – 10 = 3

(b) [image: image256.png](3-V5)(3+5)




This expression is of the form[image: image257.png](x=)(x+¥)



, where x = 3 and y = 5.

On using the identity[image: image258.png](x=o)(x+{y)=x-»



, we obtain

[image: image259.png](3-V5)(3+5)



= 32 – 5 = 9 – 5 = 4

(c) [image: image260.png](V31-5)(V31+5)




This expression is of the form[image: image261.png](Ve+y)(Va-»)



, where x = 31 and y = 5.

On using the identity[image: image262.png](Vrey)(Va-y)=




, we obtain

[image: image263.png](V31-5)(V31+5)



= 31 – 52 = 31 – 25 = 6

(d) [image: image264.png](VIT-vi7)




This expression is of the form[image: image265.png](Vx-b)



, where x = 11 and y = 17.

On using the identity[image: image266.png](Vx-) =ty -2/



, we obtain

[image: image267.png](VIT-vi7)



= 11 + 17 – 2[image: image268.png]=17



 = 28 – 2[image: image269.png]V187




(e) [image: image270.png](Vo i)




This expression is of the form[image: image271.png](Vx+ o)



, where x = 6 and y = 11.

On using the identity[image: image272.png](Vx+ o) =x+y+2



, we obtain

[image: image273.png](Vo i)



= 6 + 11 + 2[image: image274.png]T1x6



 = 17 + 2[image: image275.png]



(f) [image: image276.png](V2+43)(V7++23)




This expression is of the form[image: image277.png](Vp+Ja)(x+{r)



, where p = 2, q = 3, x = 7, and y = 23.

On using the identity[image: image278.png](Vo +a)(Nx )= + oy +fax +Jay



, we obtain

[image: image279.png](V2+43)(V7++23)



= [image: image280.png]2x7 +2x23+3x7 +3x23




= [image: image281.png]V14 +26 +21+69




Rationalizing The Denominator
Rationalize the denominator of[image: image282.png]11¥3-6

J3+2




Solution:
To rationalize the denominator, multiply and divide the number by the conjugate of[image: image283.png](V3+2)




The conjugate of [image: image284.png](V3+2)



is[image: image285.png]


.

[image: image286.png]136 (f 2) (13VB)-(15x2)-6x 3 +6x2
(B+2) (-2) () -y




[image: image287.png]_3-20-63+12
34
_45-283

-1
2843 -45





Example 3:
Simplify the expression[image: image288.png]6 Vo 43
1o ez Jo-v7



.
Solution:
Let [image: image289.png]3 Vo 43
Bvs B Yo




= a + b – c, where a =[image: image290.png]


, b =[image: image291.png]S
S



, and c =[image: image292.png]



To solve such an expression, we first have to rationalize the denominator of each term.

a =[image: image293.png]



[image: image294.png]6 2 6(23+V6) —6(2ﬁ+ﬁ):zﬁ+ﬁ

TG 2B ) () e





b =[image: image295.png]S
S




[image: image296.png]G o(F) -
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c = [image: image297.png]



[image: image298.png]B (G ()
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On substituting the values of a, b,and c, we obtain

[image: image299.png]Vo a3
T R e () (N -2) (32 )




[image: image300.png]=2V3+6+3v2-23-3V2-V6

-0




Laws Of Exponents For Real Numbers

Can we simplify 115 ÷ 113?

Here, the expression 115 ÷ 113 is of the form ap ÷ aq, where a = 11, p = 5, and q = 3. 

We can solve it using the laws of integral exponents of real numbers.

On using the law ap ÷ aq = ap − q, we get

115 ÷ 113 = 115 − 3
= 112
How can we simplify[image: image301.png]


?

Here, the exponents[image: image302.png]


and [image: image303.png]


are rational numbers. We can apply the laws of integral exponents of real numbers to simplify the expression[image: image304.png]


. To know the answer, let us discuss the laws of rational exponents of real numbers.

The laws of rational exponents of real numbers are the same as the laws of integral exponents of real numbers.

If a and b are real numbers and p and q are rational numbers, then the laws of rational exponents of real numbers can be written as

	[image: image305.png](i) a"a"=a™"
»
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Now, let us simplify the expression [image: image306.png]


using the appropriate law.

Here, the expression [image: image307.png]


is of the formap ÷ aq, where a = 3, p =[image: image308.png]


, and q =[image: image309.png]


.

On using the law ap ÷ aq = ap − q, we get

[image: image310.png]



[image: image311.png]



Let us discuss some examples based on the laws of rational exponents of real numbers.

Example 1:
Find the value of the expression[image: image312.png]


.
Solution:
[image: image313.png]



Example 2:
Simplify the following:
[image: image314.png]UGSl

(i) (s12)?




Solution:
[image: image315.png]_ H,} {:7: [%]' wherea=3, b=5, andp :3}
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[image: image316.png]
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Example 3:
Simplify[image: image318.png]


.

Solution:
[image: image319.png]



Example 4:
Find the value of x and y if [image: image320.png]P A




= 189.

Solution:
It is given that [image: image321.png]3yt



= 189

[image: image322.png]3yt



 = [image: image323.png]3 x7




On equating the exponents of 3 and 7 from both sides, we get

x + 1 = 3 and 2y − 1 = 1

x = 3 − 1 = 2 and 2y = 1 + 1 = 2y = 1

Thus, the values of x and y are 2 and 1 respectively.

