REAL AND COMPLEX NUMBERS

Define the following:
Natural Numbers
The numbers 1, 2, 3, .... Which we
use for counting certain objects are called
natural numbers or positive integers. The
set of natural numbers is denoted by N.
ile. N={1,2,3,...)
Whole Nunibers:
If we include 0 in the set of natural
number, the resulting set is the set of
whole numbers, denoted by W,
ie. W={0,1,2,3,....}
Integers
The set of integers consist of
positive integers, 0 and negative integers
and is denoted by Z
Le.Z={.....-3,-2,-1,0,1,2,3, ...}
-Rational Numbers
All numbers of the form p/g where
P, q are integers and g is not zero are
called rational numbers. The set of rational
numbers is denoted by Q,

ie. Q={£!p,quAq;&0,(p,q)=]} or
q

Q= {""‘Zgap,qezz\qiol
q

J
Irrational Numbers
The numbers which cannot be
expressed as quotient of integers are called
irrational numbers,
The set of irrational numbers is
denoted by Q’,

ie., Q':{xlx #B,p,quAq;ﬁO}
q

For example, the numbers +2,
\/5 . \/g , m and e arc all irratiom
numbers.
Decimal form of Rational and Irrations
number

. a} Rational Numbers

The Decimal representation
rational numbers are of two type
terminating and recurring
i) Terminating Decimal Fractions:

The decimal fraction in whic
there are finite number of digits in it
decimal part is called a terminating
decimal fraction.

For example —52~:0.4 and §=0.375.

(ii) Recurring and Non-terminating
Decimal Fractions

The decimal fraction (non
terminating) in which some digits ar
repeated again and again in the same orde
in its decimal part is called a recurring
decimal fraction. '
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For example —é =0.2222 ..and %:0.363636...

b) Irrational Neanbers

The decimal representations for
irrational numbers are neither terminating
nor repeating in blocks. The decimal form



of an irrational number would continue
forever and never begin to repeat the same

block of digits e.g., V2 = 1.414213562 ..,

Real Number

The Unicn of the set of rational
numbers and irrational numbers is known
as the set of real numbers it is deducted by
R.

R=Qu
Hence Q and Q” are both subsets of R and

QN Q=0

Express the following decimals in the

formB,wherep,qe Zand g#0
q

(@ 03=0333...
(b) 023 =0.232323

(@ Let x = 0.3, which can be
rewritten as
x=0.3333:..: (i)

We multiply both sides of (i) by
10, and obtain

10x=(0.3333 ...) x 10

or 10 x =3.3333..... (ii)
Subtracting (i) from (ii), we have
10x — x=(3.3333...)—(0.333....)

or 9x = 3.0000 = x=—;;

Hence 03 = =
3
(b) Let x=023=0.23232323.....
We multiply both sides of (i) by 100.
Then. 100x=(0.232323.....w ) x 100
100 x:=23.232398 ...ovcnanis (ii)
Subtracting (i) form (ii), we get
100x—x=(23.232323....) - (0.232323...)
99 x =23
23
X=——
99

=  Thus 0.23= g is a rational number.

Represent the following numbers on the number line.

2 15

1 —_ 11 —

@) s @ - -2

7 5

gy =k < Ht——H ; | >
oMo 1 2

(i) For representing the

rational number —% , on the number line ¢, divide the unit length between 0 and —1

into five equal parts and take the end of the second part from 0 to its left side. The

; -2
point M in the following figure represents the rational number T

(if) $=2+%. It lies between 2 2
and 3. € f : + : :T"':H >/{



The point P represents the
oint E—Z--l
P 7 7

7
) 4.5
(iii)) For  representing the 9
« 7 - llTl ) Dy [ B 153 i | 1 1 | >
rational number, -1—, o | LT : ' '
9 -2 -1 0 1 2
M

divide the unit length
between —1 and -2 into
nine equal parts. Take the end of the 7 part from —1. The point M in the following

. ; 7
figure represents the rational number, —1 5

3 : B

(iv)  Irrational number such as 2 can be located ﬁ‘ 1
on the line/by geometric construction the ; b
point corresponding to 2 may be £+ é =1 3 : p? 2’ 2
constructed by forming a-right AAOB with i ) e 5

sides each of length 1 as shown in the figure.

By Pythagoras theorem, OB = /(1) +(1)’ =

V2

By drawing an arc with centre at O and radius OB = 2 we get point P representing
V2 on the number line.

Q1l.Identify which of the following are i 7§
; . . Sol: —=0.68
relational and irrational numbers. 25
(i) 3 Irrational Number (i) 19
4
(ii) . Rational Number 19
6 Sol: ~>=475
(iii) 7 Irrational Number 4
57
(iv) %?- Rational Number (iii) )
(v) 725 Rational Number Sol: i7-:7.125
(vi)v29  Irrational Number
Q2. Convert the following fractions (iv) 20°
into decimal fraction. 18
17 208 s
(i) T Sol: ——= :;.3889
75 18
5

(v) =




Sol:
(vi)

Sol:
Q2.

—=0.625
8

2
38
2 0.65789
38

Which  of the

following

statements are true and which are false?

(i) - is an irrational number.  False
(i) T is an irrational number.  True
(ii1) 5 18 a terminating fraction. False
. & G :
(iv) i 18 a terminating fraction. True
4 . NP
(v) g 18 a recurring fraction. False
Q4. Represent the following nambers
on the number line.
: 2
(i) =
3
2
¥ R
-2 -1 o 1 2
() ———
2 1 0 1 2 ]
@iy 1-
1_3_
4
T2 a4 o 1z
; 5
(iv) 2=

-2
<« T-H' } } —>
-3 2 -1 0 1 2
3
(v) 2=
4
23
e
— ; 1
2 1 L] 1 2 3

B

A 1 1 1 % >
-2 -1 0 1 2 3
/5 —

By Pythagoras theorem

OB = J(2)* +(1)’ = /4 +1 =5

By drawing an arc with centre at O and
radius OB = 5 we get point P

representing +/5 on the number line.,

Q5.  Give a rational number between

3

— and é

4 9

Ans. The required rational number is the

mean of (wo given numbers, so the
required number

3 5
A 9.

2



Q6. Express the following recurring
decimals as the rational number B,
q

where p, q are integers and g0

() 05

Sol: Let x=05
XK= 53555 vvwsnn ()
Multiplying both sides by 10
10x = 10(0.5555...... )
10x = 5.5555........ (ii)
Subtracting (i) from (ii)

10x—x=(5.5555...) — (0.5555...)

Ox =5
5
X=—
9
Hence OSZE
-9
G 013
Sol: Let x=013
x=0.13131313......... (1)

Multiplying both sides by 100
100x = 100(0.131313....... )
100x = 13.131313......... {ii)
Subtracting (i) from (ii)
100x—x=(13.1313.....)-(0.1313...)
99x =13
(13

99

13

Hence 013=—"
99

(i) 067
Let x =0.67
x =0.676767......... 6
Muitiplying both sides by 100
100x = 100(0.676767....... )
100x = 67.676767....... (1i)

Subtracting (i) from (ii)
100x—x=(67.676767....)-(0.676767...)
99x =67
67
X =—"
99
Hence 0.67 = H2E
99
Properties of Real numbers with respect
to Addition and Multiplication
a. Properties of real numbers under
addition are as follows:
(i) Closure Property
a+beR,VabeR
eg., if-3and5e R
then-3+5=2€e R
(i)  Commutative Property
a+b=b+a,Va,be R

eg.,if2,3e R
then2+3=3+2
or5=5

(iii)  Associative Property
(a+b)+c=a+(b+c),Va,b,ce R
eg.1f5 7,3 R
then(5+7)+3=5+(7+3)
or12+3=5+10
or15=15

(iv)  Additive Identity
There exists a unique real number

0 called additive identity such that
a+0=a=0+a, Yae R

(v) Additive Inverse
For every @ € R, there exists a

unique real number —a called the additive

inverse of ¢ such that
a+(-a)=0=(-a)+a
e.g., additive inverse of 3 is -3
since 3 +(-3)=0=(-3)+(3)



b. Properties of real numbers under
multiplication are as follows:
() Closure Property
abe R, Va, be R
e.g,if-3,5¢ R
then (-3) (5) € R
or —I5e R
(ii) Commutative Property:
ab = ba, Va, be R

(iii)  Associative Property:

(abjc = a(bc), Va, b,ce R

eg,if2,3,5e R

then (2XxX3)x5=2x(3x35)

or 6x5=2x%15

or 30=30
(iv)  Multiplicative Identity:

There exists a unique real number
1, called the multiplicative identity such
that

al=a=laVvVaeR
(v) Multiplicative Inverse

For every non-zero real number,
there exists a unique real number ¢ or

| e
—, called multiplicative inverse of a, such
a

that

or ax

e.g., if5€ R, then é e R

such that

Sxbelmtns
5 5

1 e e e .
So, 5 and g are multiplicative inverse of

cach other.
(vi)  Multiplication is Distributive
over Addition and Subtraction

Foralla, b, c€ R
a(b + ¢) = ab + ac (Left distributive law)
{a + b)c = ac + bc (Right distributive law)
e.g.,1f2,3,5€ R, then
23+5)=2Xx3+2x%5
or 2x8=6+ 10
or 16=16
Andforallg, b, ce R
a(b —c) = ab — ac (Left distributive law)
{a —b)c = ac — be (Right distributive law)
e.g.,if 2,5,3 € R, then
25—-3)=2x5-2x%3
or 2x2=10-6
or 4=4
(b)  Properties of Equality of Real
Numbers:
Properties of equality of real numbers are
as follows:
() Reflexive Property

a=a VaeR
(ii)  Symmetric Property

Ifa=56 thenb=a VabeR
(iii)  Transitive Property
Ifa =56 and b=c¢, thena=c, Va,b,ce R
(iv)  Additive Property
Ha=bthena+c=b+c,Va b ceR
) Muiltiplicative Property

If a=b, thenac = bc, ¥V a, b, ce R



(vi)  Cancellation Property for Addition

Il a+c=b+c, then a=h, Va,b,ce R
(vii)  Cancellation property for
Multiplication

Ifac=bc,c#£0thena=b,Va b cec R

(¢) Properties of Inequalities of Real
numbers

Properties of inequalities of real
numbers are as follows:
(i) Trichotomy Property

VabeR

a<b or a=bora>h
(ii) Transitive Property

Vab ceR

(a) a<bandb<c>=a<c

(b) a>band b>c = a>c¢
(iii)  Multiplicative Property
(a) VabceRande >0

Ma>b=ac>bc (ia<b=ac<bc
WDa>b=>ca>ch (a<b=>ca<ch
®VY g bceRande< 0
Da>b=>ac<bc (a<b=ac>bc
Ga>b=ca<ch (()a<b=>ca>ch
(iv)  Multiplicative Inverse Property:
VabeRanda #0,b #0
(a) c2£~<b«:::>l>l
a b
[ 1
(b) a>b<:>;<—
(v) Additive property:
Vabece R
(a) a<b=>a+c<b+c
a<b=>c+a<c+b
(b) a>b=>a+c>b+c
a>b=>c+a>c+b



