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Samacheer Kalvi Maths
8" Std

1.3 Four Properties of Rational Numbers

1.3.1 (a) Addition

(i) Closure property
The sum of any two rational numbers 1s always a rational number. This 1s called
*Closure property of addition’ of rational numbers. Thus, Q is closed under addition.

If £ and £ are any two rational numbers, then £ + £ is also a rational number.

b d b d
Hlustration: (1) %+ %= gz % 1s a rational number.
i 1_5,1_15+41_16_ 51, :
(1) 5+ 3= + 7= 3 =3 - 53 15 a rational number.

(ii) Commutative property
Addition of two rational numbers 15 commutative.

If % and £ are any two rational numbers, then & + £ =

[
d R

a
b
Hlustration: For two rational numbers

1,2 _ 2
2135 5

1 2

7.5 We have
1

)

LHS = RHS =

+ +

[

L L
2 2
5

d= Lnka

+ 4 9

_— == 5

449
10 10 10

2
10

- LHS = RHS

.. Commutative property 1s true for addition.

(iii) Associative property

Addition of rational numbers 15 associative.

If nd £ are any three rational numbers, then < + (L + %) = (% + %) + %_

a c
b d 7 b
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Hlustration: For three rational numbers %j é— and 2, we have
2 1 - (2,1
FH(z+2) = (3+7)+2
LHS =2+ (1+2) RHS = (£+1)+2
3 2 i o2
-2 (1.2 —(4,3
_3+(z+1} (5+5)+2
21,4y 2 5 11,2
=3+(7+7)=53+3 626"
6 6 6 6 6 6

. LHS = RHS

. Associative property 1s true for addition.

(iv) Additive identity

The sum of any rational number and zero 1s the rational number itself.

If £ is any rational number, then £+ 0= 4 =0+ £
b b b b

Zero 1s the additive idt:ntity for rational numbers.

2

o (=T -7 7 Zero 1s a special
n (——|+0=—=0+(— .
() { 11 ) 11 { 11 } rational number. It
(v) Additive inverse can be written as
0= " where g # 0.

Hlustration: (1) + 0=

( —_; ) is the negative or additive inverse of %

If' 1s a rational number, then there exists a rational number (T)

such that & 7+ (%ﬂ) = 0.

Hlustration: (1) Additive inverse of % 15 _5—3

(11) Additive inverse uf_ﬁ—E 1S %

(i) Additive inverse of 0 1s 0 itself.

2 WWW.winmeen.com




Samacheer Maths Prepared By Winmeen.com

1.3.1 (b) Subtraction

(i) Closure Property
The difference between any two rational numbers 1s always a rational number.

Hence 15 closed under subtraction.

If % and i? are any two rational numbers, then %— i? is also a rational number.

Hllustration: (1) %— %= 2 s a rational number.

7

i) 1-L-2-1_1; :
(1) 1 3 3 5 1sa rational number.

(ii) Commutative Property

Subtraction of two rational numbers 15 not commutative.

a L 1 a_¢ ¢ _a
If 5 and 7 are any two rational numbers, then b =g £ 75
Hlustration: For two rational numbers % and % we have
4_ 2,2 4
9 5 7 5 9
4 2 2 4
LHS =4_2 RHS = 2 -4
9 5 5.9 When two
_20-18 _ 18- 20 rational numbers
45 45 are equal, then
=2 = =2 commutative
43 43 property is true
. LHS # RHS for thern.

.. Commutative property 1s not true for subtraction.
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(iii) Associative property

Subtraction of rational numbers 15 not associative.

a c c & a_c €
If & == andTarf: any three rational numbers, t'lf:IlF (E T}#(F E) Y
Hlustration: For three rational numbers 12 %and i,we have
1 1 1yl 1y 1
2 (3 4}#(2 3.} 4
1 1 1 _(L_1y 1
LHE_2 (3 4) RHS_(2 3} 4
:l__(élv 3) :(3—2)_1_
2 12 (] 4
Sl (ly_6-1 5 _1_1_2-3_-1
2 12 12 12 6 4 1 1
. LHS # RHS

*. Associative property is not true for subtraction.
1.3.1 (c) Multiplication
(i) Closure property

The product of two rational numbers is always a rational number. Hence Q) 1s
closed under multiplication.

If % and % are any two rational numbers, then % s dL = 2d ﬂ, 15 also a rational number.

IHustration: (1) IT x7T= % = 2% 15 a rational number.
iy 4.5 _ 20
(11) 3 X9 = 57 15 a rational number.

(ii) Commutative property

Multiplication of rational numbers is commutative.

If and are any two rational numbers, then % xi?

t:-|n

€
d
IHllustration: For two rational numbers = 5 and = l IS , we have

3 s _ =8 3
*() T (51)*%
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LHS=%xFﬁ) RH5=:§x@q

1 I

_ =24 _—-24
55 55
~ LHS = RHS

. Commutative property is true for multiplication.
(iii) Associative property

Multiplication of rational numbers is associative.

and £

a ¢
Hb’d 7

are any three rational numbers, then £ X (% %) = (% x%} X

£
i

Ilustration: For three rational numbers é— {_ 1 } and ?* we have

.. Associative property 1s true for multiplication.
(iv) Multiplicative identity

The product of any rational number and 1 1s the rational number itself. “One’ 1s

the multiphicative identity for rational numbers.

a i a _a a
If'!:l is any rational number, then p X1= 4 =1x3-

Hlustration: (1) %x 1= %

’9 Is 1 the multiplicative

» identitv for intesers?

i) ()x1==
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B e I

(v) Multiplication by 0

Every rational number multiplied with 0 gives 0.

If % is any rational number, then % x0=0=0x %_

Hlustration: (1) =5x0=10
i) (=1)x0=
(i) ( T )x0=10
(vi) Multiplicative Inverse or Reciprocal

For every rational number % a # 0, there exists a rational number {F such that

a, ¢ _ < ivlicative i -a
5 Xd= 1. Then 78 called the multiplicative inverse of b
If % 1s a rational number, then % is the multiplicative inverse or reciprocal of it.
Hiustration: (1) The reciprocal of 2 is é—
. N (=3 i (=5
(11) The multiplicative inverse of {T} s (T}
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1.3.1 (d) Division

(i) Closure property

The collection of non-zero rational numbers is closed under division.

If % and % are two rational numbers, such that £

a._c;
_ d;-‘-{},thcnb,dls
always a rational number.

Hlustration: (1) %+;—— %X‘?—= ?—z 2 1s a rational number.
B 4.3_4.2_ 8 .
(11) STy T sX3 =15 1sa rational number.

(ii)) Commutative property

Division of rational numbers 15 not commutative.

a £ i a.c xC . a
If } and 7 are any two rational numbers, then 5T £ s
Hlustration: For two rational numbers 4

3
5 and g We have

4.3 3.4
5 8 # 8 5
4.8 _32 _ 3., 5_15
LHS S X3 =3 RHS T XT =3
. LHS # RHS

.. Commutative property is not true for division

(iii) Associative property

Division of rational numbers 15 not associative.

If

%, ii and ? are any three rational numbers, then % -(5 +?) £ {% = L) L€
Hlustration: For three rational numbers %j 5 and é—, we have

i+{5 —é} # {%—5}—%
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LH%_%f{5+%} RHS = (% 5) = 5
TR | =Gt
=%:—m =23—fo_

- LHS # RHS

. Associative property 1s not true for division.

1.3.1 (e) Distributive Property
(i) Distributive property of multiplication over addition
Multiplication of rational numbers is distributive over addition.

a ¢ £ - a..J/¢ ey _a.c o a. e
Ifb‘d and 7 are any three rational numbers, thenb x(d+ f) bxd+ b xf_

IHustration: For three rational numbers %% and ;,Wﬁ have
2.(4,.3y - 2,4,2.3
7X(9+5) T §X9+5%5

—2,(4.3 - 2,4.2.3
LHS 3x(9+5] RHS = x5+ X35
_ 2 720+ 27 _ 8 ,2
=5%(535) 27 75
— 2,47 _ 94 _40+54 _ 94
3 5 135 135 135
-.LHS = RHS

-. Multiplication 1s distributive over addition.

(ii) Distributive property of multiplication over subtraction

Multiplication of rational numbers is distributive over subtraction.

d £ are any three rational numbers, then £ x(i - %) =

a
If = b

ra
b d ¢ F

= =
Yo
o |
|
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Hustration: For three rational numbers % % and é we have
3 4 1 _ 3.4 3. 1
7X(5-2) T 7xXs-9%3

3 (4_1 - 3.4 3,1
LHS = 5 (5 2) RHS ?XS ?x’l
=3 (8 3) _12 3
7 35 14

=ixi=i _24-15_ 9
710 70 70 70
. LHS = RHS

*. Multiplication 1s distributive over subtraction.

B - brackets, O - of, D - division, M - multiplication, A - addition, S - subtraction.
Now we will study more about brackets and operation - of.
Brackets

Some grouping symbols are employed to indicate a preference in the order of

operations. Most commonly used grouping symbols are given below.

Grouping symbols Names
o Bar bracket or Vinculum
() Parenthesis or common brackets
|} Braces or Curly brackets
[] Brackets or Square brackets
Operation - "Of "

We sometimes come across expressions like ‘twice of 3’, “one - fourth of 207,

‘half of 10” etc. In these expressions, ‘of” means ‘multiplication with’.

For example,

(1) “twice of 3" 1s written as 2 x 3,
(i1) ‘one - fourth’ of 20 is written as i— x 20,
(i11) ‘half of 107 1s written as J;z—x 10.

If more than one grouping symbols are used, we first perform the operations
within the innermost symbol and remove 1t. Next we proceed to the operations within

the next innermost symbols and so on.
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1.6 Laws of Exponents with Integral Powers

With the above definition of positive integral power of a real number, we now
establish the following properties called ““laws of indices™ or “laws of exponents”.

(i) Product Rule

Law 1l | 4" xga"= g™, where ‘@’ 1s a real number and m, n are positive integers

Hlustration
Wi

(%) 4 {%} = (%};_4 = (%}1 (Using the law, a™ X a" = a™", wherea = % m=3 n=4)

(ii) Quotient Rule

Law 2 ‘;M = a" ", where a # 0 and m, n are positive integers with m > n

Hlustration

g—:= 6 =6 (Using the lawz—jz a" ", where a = 6, m=4, n=2)

(iii) Power Rule

Law3 | (a") = a™, where m and n are positive integers

Hlustration
(F)'= 3 xR xF =300 =3 £y
we can get the same result by multiplying the two powers
Le 3: = 3':” = 3" (x—ylz {y—zlx (=¥
> (3) Show thata™ " xa" “"xa =1
(iv) Number with zero exponent
For m # o, Aliter:
s 3
m' =m'=m""=m" (using law 2); ||m'=m' == MXMXM |
m mxmxm

Using these two methods, m’ <m’ = m" = 1.

From the above example, we come to the fourth law of exponent

Law 4 | If ‘g’ is a rational number other than “‘zero”, then a" = 1

Hlustration
M2'=1 (@)(3)=1 (i)25'=1 W) (-F) =1 O)(-100y=1

=
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(v) Law of Reciprocal
The value of a number with negative exponent 1s calculated by converting into
multiplicative inverse of the same number with positive exponent.

Hlustration

W 4= $= TXT>Tx1 = 558
(i) 5= 5= 55555 = 133
(i) 107 = 1 = f5e75 = _ulm
Reciprocal of 3 is equal to % = i—, =301=3"
Similarly, reciprocal of 6* = #: 2—: 6 =6"
Further, reciprocal -:rf(%}'t is equal to il c= (%) "
3

From the above examples, we come to the fifth law of exponent.

Law 5 | If ‘@’ is a real number and *m’ 1s an integer, then a " = l—m
a

11 WWW.winmeen.com




Samacheer Maths

(vi) Multiplying numbers with same exponents
Consider the simplifications,

(1)

= (47}

s -3 I | 1 _ 14 1

[ll] 5 X4 = ?— 14—,. l{‘g}l'}((fz
Bk R S Rl
_ {1 | | |
= (3x7)x(5%7)
= 207 =(5x4)7

3¢ (ly _ /3

(111) (5) x(2) = (§x5)x(3%3
_ i3 142
= (§%72)

Prepared By Winmeen.com

T =(Axa4xd)x(TxTxT)=(4dxT)x(4xT)x(4x7T)

In general, for any two integers a and b we have

a'xb’ = (axb) = (aby

(axaxax..mtimes)x(bxbxbx

(ie,) a"xb" = (ab)"

.. We arrive at the power of a product rule as follows:

...... m times =(ab)"

Law 6

a™ x b™ = (ab)", where a, b are real numbers and m 1s an integer.
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