After completing this unit, students will be ablg to:

© Recall the set of real numbers as the union set of rati and irrational numbers.
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Represent real numbers on the number line.

Demonstrate a number with terminating @ on—terminating recurring decimal on
the number line.

Distinguish the decimal represe tional and irrational numbers.
Know the properties of real 1&

Identify radicals and radic

Differentiate betw cal and exponential forms of an expression.

Transform an sion'given in radical form to an exponent form and vice versa.
Recall base;‘exponent and value.

Apply thedaws of exponents to simplify expressions with real exponents.

then define a complex number z represented by an expression of the form
= a +ib, where a is real and b is imaginary part and here i = /-1

ecognize a as real part and b as imaginary part of z=a+ib orz=(a, b)

Define conjugate of a complex number
Know the condition of equality of complex numbers.

Carry—out basic operations (i.e. addition, subtraction, multiplication and division) on
complex numbers.
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Introduction

In pervious classes we have learned various kinds of numbers such as
natural numbers (counting numbers), whole numbers, integers, rational
numbers etc.

All these numbers are contained in the set of real numbers. @Q

classification of real numbers is given below:

1.1 Real Numbers

e set of real numbers as the union set of rational

1.1.1 n-@
? difrational numbers.

set of real numbers is the union of the set of rational and irrational
\ umbers. ie., R=Q U Q'

We have already learned about rational and irrational numbers. Real
numbers have many properties as the properties of rational numbers.

@ /LNy &= /A &
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1.1.2 Represent Real Numbers on the Number Line

In the previous classes we have already studied whole numbers and
integers and their representation on a number line. Similarly we can
represent real numbers on number line.

Let us see the following examples. 2 ’

Represent the numbers — % and = 5 on the number line /

Solution:

A
Ll
ulrb L !

s
o -4
N .-p

Thus, in the above figure the point P, repre n&ber—% and the

point P, represents % .

Represent 1.5 and 1 % on tl-@; line.

Solution:
Similar in the figure, po& sents number 1.5 and P, represent

number 1 % .

1.1.3 Demonstrate Number with Terminating and
inating Recurring Decimal on the Number Line

o locate a number with terminating and non-terminating
g decimal on the number line, the points associated with the

atlonal numbers — and where g, b are positive integers, we sub—divide
each unit length mto b equal parts Then the ath point of division to the

right of the origin represents E and that to the left of the origin at the

. a
same distance represents — E .

@ s \ X7 & \ 7 @
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Show the following terminating decimal fractions on the number line.

.3 .S
i = TS

<l i | 1 | @ 1 L 1 | [

"l 1 I 1 | 1 1 1 |’

& 1 2 8 1 g 3wt wd N B
4 R Ly 27 27 23

Show the followi erminating recurring decimal fractions on
number line.

1 &
1. —

@ /LNy &= /A &
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1.1.4 Distinguish the Decimal Representation of Rational and
Irrational Numbers.

When we represent rational numbers in the decimal form then two
types of decimal fractions are possible ie. terminating
non—-terminating recurring decimal fractions, while Irrational n mbe
are represented as non- terminating non-recurring decimal fra Ne

represent them in below table.
S.No Number Remarks ;
Terminating decimal fraction O
Terminating decimal fracti %

Non-terminating rec@ cimal fraction

Non—termmatl urring decimal fraction

Non—t@ non-recurring decimal fraction

inating non-recurring decimal fraction

Exercise 1.1 ()

1. Identi llowing numbers as rational and irrational numbers and
alm ach one in separate column.

@2 @ @I W w8

(vii) e (viii) (ix) J5 x) — 2 (xi) % (xii) %

% Convert the following into decimal fractlons. Also indicate them as

terminating and non-terminating decimal fractions.

@ % (i) 1% (iii) % (iv) % ) 21L57 (vi) =2

@ s \ X7 & \ 7 @



UNIT-1
REAL AND COMPLEX NUMBERS

(FOR FREE DISTRIBUTION)

Represent the following rational numbers on number line.

O G@-o G 9o (v)§ i) -2
4. Can you make a list of all rational numbers between 1 and 2?
5. Give reason, why pi (n) is an irrational number? Q
6. Tick (v) the correct statements. Q~

(i) ; is an example of irrational number. v

(i)  misan irrational number. O

(iii)  0.31591... is an example of non—terminati non-repeating
decimal fraction.

(iv)  0.123is an example of recurrin imal fraction.

v) %% are lying between 0 @

) 1.
vi —is an example 0 | number.
"5 F @

Properties of Real Numbers.
In real numbers
multiplication.
written as41.byor a

there exist properties with respect to addition and
al number 4, b the sum is a + b and product is
b or simply ab.

1.2.1 Kno e Properties of Real Numbers

erties of Real Numbers with respect to Addition

Closure Property:
% Sum of any two real numbers is again a real number.
\ i.e.Va,be R = a+beRis called closure property w.r.t addition.
eg. (i) 57eR=5+7=12eR

(i) = 2cR=240-10415 51 g
54 5 4 20 4

lé = /<y 06— / 2+ &
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(ii) Commutative Property:

For any two real numbers 2 and b
a+b=b+a

is called commutative property w.r.t addition ’

eg. (i) 3+7=7+3 (ii) 546 =645
(iii) Associative Property: Q~
For any three real numbers a and b and ¢ such that v

(a+b)+c=a+(b+c) O

is called associative property w.r.t addition.@
eg. (4+5)+6=4+(5+6)

(iv) Additive Identity: E
There exists a number Oe R such g

a+0=a=0+a, Vae

‘0" is called additive i
e.g. 3+0=3=0%3, 0=—Z=0+—;, etc

(v)  Additive I
For each there exist —ae R such thata+(—a)=0=(-a)+a
so, —a and mare additive inverses of each other.

e.g. N6+(-6)=0=(-6)+6=0
eré 6 and —6 are additive inverses of each other.
(b rties of Real Numbers with respect to
tiplication

losure Property:

\ The product of any two real numbers a and b is again a real number.
ie, abeR=abeR, is called closure properly w.r.t

multiplication
e.g. (i) 57eR=(5)(7)=35¢eR

38 BR et
50\7) 35

< - /
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Commutative Property:
For any two real numbers a and b

ab = ba is called commutative property w.r.t multiplication.

eg. () V3, SeR=(V3)(V5)=(5)(3)

(i) 3,4eR=3x4=4x3etc. Q~:
(iii) Associative Property: v

For any three real numbers 4,b and ¢
(ab)c = a(bc) is called associative property w.r. tion.

eg. (i) 4,5,6e R, then (4x5)x6 = 4x(5x6),

(if) %, 4:/3e R, then (% x4 = x(4x \/5), etc.
(iv) Multiplicative Identity:
For any real number a theresexi mber 1e R

i
axl=1xa=a, 1l isca d@plicative identity.

eglx3=3x1=3,

(v)  Multiplicativ.

For each &7& there exists an elementl ora'eR
a
ax %— 1,thus 1 and a are the multiplicative inverses of each
" a
%

1 TR
Here 3 and 3 are multiplicative inverses of each other.

(c) Distributive Property of Multiplication over Addition
For any three real numbers a,b,c such that

@)

a(b+c)=ab+ac, it is called Distributive Property of

1@ — / LN & & / A &
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multiplication over addition. (Left Distributive Property)
(i)  (a+b)=ac+bc, it is called distributive property of
multiplication over addition. (Right Distributive Property)

eg.  3(5+7)=3x5+3x7, (Left Distributive Property) ’
(3+7)2=3x2 + 7x2, (Right Distributive Property)

Properties of Equality of Real Numbe
Following are the properties of equality of r@\bers.
(1) Reflexive Property
If acRthena=a,
(i) Symmetric Property O
Ifa,be R thena=b &

(iii) Transitive Prop

If a,b,ce R the db=c&a=c
(ivy  Additive Erop
If a,b,ce =b&S a+c=b+c.

(v)  Mugtipdicagive Property
&,, such that, a=b then ac= bc.
(vi) Cangellation Property for Addition
If ab,ceR,ifa+c=b+c thena="b

Cancellation property for multiplication
IfabcecRand c#0 if ac=bcthen,a=b
% Properties of Inequalities of Real Numbers.
\ Following are the properties of inequalities of real numbers.
% (i) Trichotomy Property

IfabceRthena>bora<bora=b.
(i) Transitive Property

If a,b,ce R then

(@ a<bandb<c=a<g

(b) a>bandb>c=a>c.

< - /
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(iii) Additive Property
If a,b,ce R then
(@) a<b=atc<b+c

(b) a>b=a+c>b+ec.
(iv)  Multiplicative Property Q
If a,b,ce R and ¢ > 0, then
(@ a>b=ac>bc 2
(b) a<b=ac<bc, v
similarly, if c< O then, O
(@ a>b=ac<bc @
(b) a<b=ac>bc A |
(v)  Reciprocative Property Q

1

(by Ifa>b —andif ~>-=a<b
a a b
(vi)  Cancellati erty
If a,b,c
(@) A a +c=>a>b
) c<b+c=a<b
similarly, ) ac>bc=a>b, wherec>0

) ac<bc =a<b, wherec>0

\%Q

@ /LNy &= /A &
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I Exercise12 ®

1. Recognize the properties of real numbers used in the following:

3
o o[22 {2}
e
(vii) 11x(15x21) = (11x15) x21
w2

L 15 (8 4 15 8 15
o B-aHi S
10 \5 10 10 5 1

property correct.
cV2 03 O S 7 (70 16 7 ([].16
S

0 33) 0O bo O
(i) %xio& (iv) (%}%J:D
(v )= 0 (vi) %{%;}%éj +GX%

3. i following blanks to make the property correct/true.
\' 5<8and 8<10= <
% () 10>8and8>5=__

iii) 3<6=>3+9«___

(
(iv) 4<6=>4+8«__
(

8>6=>6+8>_
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4. Fill the following blanks which make the property correct/true:

() 5<7=5x12<__x___
G) 7>5=7x12>__ x __
(i) 6>4=6x(-7)___4x(-7)

(iv) 2<8=2x(—4)__ 8x(-4) Q~:

5. Find the additive and multiplicative inverse of the fo% real

numbers. O
N

@) 3 @) -7 (i) 0.3 () =~ (vi) 0

1.3 Radicals and Radicands. OE
1.3.1 Identify radicals and radicands
Letne Z* (Set of Positive integers) >1,
also letae R, then for an&%eal number x,
+‘2 = x=+/a (square root of a)
1

= a* = x=3/a (cube root of a)

such that

similarly,

& ;
%x4=a:x=a4 = x =4/a (4 root of a)

1
v@ x"=a=x=a" = x="%a (ntroot of a)

InA
\ The symbol [ is called radical sign.
134

Differentiate between Radical and Exponential forms of an
Expression

s'ealled radicand and ‘n’ is called the index.

As we have studied that x = ¥/ is in a radical form.
1 2 3 1 m

Similarly, a3, a3, a2, a", a" are some examples of exponential form.

lé = /<y 6= / 2+ &
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Remember that

1
%:ar_l

1
Here, %/a is in radical form and a” in exponential form.

Here are some properties of square root

Foralla,be R" Am,ne Z

Then, v
()  Jax~b=+ab (i) ‘/;\/Eb%o
(iii) =Ja (iv) axda=a¥=a

o T o9

Similarly, &
Q) %x%—%~\~ (if) —Z:%
(iiiy Va™= m@ iv) "™Wan= am = gm

waeNar 2¥3a =amm  (vi) Wa =la=am

(viii)

rm an Expression given in Radical Form to an Exponent Form

\ ice versa
% he properties of radicals and exponential forms are very useful when

we simplify the expressions involving radicals and exponents.
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‘Example[[J] Transform the following radical expressions into exponential

forms.
NE » B 5
Q) += (i) 318 (iii) 3= @iv) 9| — (v) 3/(ab)
el S
Solutions: Q~
1

. \E _ ( % ); G B8 i 5\/5

@)
2 3
(iv) ‘ﬂ[;} =(;j (v) Y(ab)’ = (ab)* @
Transform the following ex@k forms into radical

expressions.
m

G @Sl ol
Solutions: 1
(i) (;T: +(ﬁ) (12)% _ \/@ i) (7)

m

N IS
Y

Write the base and exponent of the following:

N 1Y 20
(i) 3 (ii) (EJ (iii) (-30)

Identify radicand and index in the following:

Q) ¥ (ii) 45 (i) 37y

[S; 31 S

=W
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Transform the following into exponential forms.

o)) el il

(iv) Y2) )27 (vi) V(-64)° ’
(vii) 3 G) (viii) (x)’ (ix) i/E Q‘
4. Transform the following into radical forms. Ov

(i) (5° ); (i) (a2 (ﬁ@
wli) oGS O

1.4 Laws of Exponents/Indices: Q

Laws of exponents or indi mportant in many fields of
mathematics.
1.4.1 Recall Base, Expon d Value of Power

Consider an expon orm a" here, ‘a’ is called the base and ‘n’ is

called exponent dex i.e., read as a to the nth power. The result of
a" where ae R its value.

' d
1.4.2 Apply thz&s Exponents to Simplify Expressions with
Real nent

E
The fo% laws of exponents are useful to simplify the expressions.
o

@i f Product of Powers

) IfabeRand xyeZ*
Then, a* x a¥ = a**Y
\ me examples based on this law are given below:

% (@) Pxad =P =4° (b) 3x 35 = 315436 — 709

(i) Law of Power of Power

Ifae Randx, yeZ*¥, then(a")y =qY

Some examples based on this law are given below:
(a) (52)4 — 52><4 — 58

@ s \ X7 & \ 7 @
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4)3 4x 12
-G -6
3 X
© {Hj} :HT 3=Hj9=‘@9 Q
(iii) Law of Power of a Product Q~

Foralla, b,eR and neZ*¥,

Then, (ax b)" = a" x b" ?\
Following examples are based on this law O
8| 7
3 —x33 Sl =
@er-w o] (5
Law of Power of a Quotient %
Foralla, b,e Rand neZ™, then(: @h reb=0

The following examples based o

—
[
<

~—

3 3 £
5

(@) = 4 , g#0

Law of quotlent of
If ae R, a;EOan then

X E/ Remember that:
T if n>m ,

(-a)" =a", if n is an even exponent.
= g, if n is an odd exponent.

=

\ 'mllarly, PR

The followmg examples based on this law are given below:

5 >
(a) % —352-3%-97 E/ Remember that:
b 73 1 1 1 If the power of a non-zero real
(b) 75 753 72 49 number is zero then its value is

equal to 1. For example: 30 = 1.

@ /LNy &= /A &
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i
18] part.
\ We know that the square of real number is non-negative. So the

se14 ®
\ Exercise 1.4

Simplify the following:
L3 2t.5° (a+b)-(c+d)’

0 (i) ’

(a+b)-(c+d)
Simplify usir;g law of exponent: ] X Q~
oG el el

(iv) (-3%5°) ) BT (i)
(Vii) (_ %jz (_ 2)3 (_ %)5 (Viii) mn2t4n3m5t7 @c5b2a3c3b4a4

4 5 3
woerir o du (L
Simplify using the law of expo O
i) (5%)° (if) {(y 3@

(iif) 1(-4)*)°
) 3
(iv) (341 ) [(—%)]

(w2 () ~[(0.1 (101 (-0.0)* P

3

then define a complex number z represented by an
of the form (a,b) or z = a + ib, where a is real part and b is

lution of the equation x*+1=0 does not exist in R. To overcome this
inadequacy of real number, mathematicians introduced a new number

J-1, imaginary unit and denoted it by the letter i (iota) having the

property that i*=-1. Obviously i is not real number. It is a new
mathematical entity that enables us to find the solution of every

algebraic equation of the type x*+a=0 wherea>0. Numbers like
\/I = i,\/g = \/51', 49 =7i are called pure imaginary number.
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1.5.2

‘Example ] Recognize real and imaginary parts for the gi

—Fmd the g6

Solutions

4 5

t z; =3+4i )Let zy =| ——,——
Z; 1 (ii) Let z, = ( 5 4]
i then z, =3+4i (é Ej
5 4

— 45

=3-4i =[-=,—

s 2(22)
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Definition of Complex Number
A number of the form a+ibwhere a and b are real numbers and i

is an imaginary unit i.e. i=+/~1is called a complex number and it is
denoted by z. e.g. z=3+4i is an complex number.

The complex number a+ib can be written in order pair form(a,b
such as 5+8i=(5,8).
Recognize a as real part and b as imaginary part of z=a+ib

and “b” is the imaginary part of complex number The real part ¢
number is denoted by Re(z) and its imaginary part is denoted by

plex number.
z=3-21
Here, Re(z)=a=3 and Im(z)=b=-2

1.5.3 Define conjugate of a complex number O k

Conjugate of z is denoted by z i.e.,

Ifz=a+ib thenz=a—-ib or Ifiz b), then z= (a,-b)
If z=(a,-b), then E:(a,b)

of imaginary part.

and, if z = a—ib, then z= a+ib

In conjugate we just cha

f the following complex numbers.

i+4
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1.5.4 Know the condition of equality of complex numbers

Two complex numbers are said to be equal if and only if, they have same
real parts and same imaginary parts. i.e.

Vab,cdeR,suchthata+ib=c+id iffa=cand b=d.

m If 4x + 3yi =16 + 9i, find x and y.

Solution: Given that

4x+3yi=16+9i = 4x=16and 3y =9,

:>4_ng and3—y=2,:>x=4andy=3. O
4 4 3 3
If x* +iy* =25+i36, find x and y. @
Solution: Given that
x* +y%i =25+ 36i = x> =25 and

x=i«/ﬁ andy=ir\/%:>x

’V,?‘

Exercise 1.5 ()
)

1. Write the followi omplex numbers in the form of a+ib for the
given ordered pai

@ (1,2) (ii) (2.2) (iif) (3,4)

(iv) (-L1) (V) (-22) (vi) (-34)
2. Identi al and imaginary parts for the following complex numbers.

(ii) 9i+4 (iii) (-5,6)

\v S (V)(—%J—(—%ji (vi) 2i—1

ind the conjugate of the following complex numbers.

() 3+2i (ii) (4,9) (iii) (~1,1)

(iv)1—i (vi) 3i+1

&
&
J
3
&
4
&
J
e

=]
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Verify that(Z) = z, for the following complex numbers.

() GJ+ (% ji (i) [—%}g ji (i) % _3i
(iv) 2+3i v) —2—3(-%}' (vi) 4x+3i@

5. Find the values of x and y, when
16 9 ‘?
. = 545 iy 2 2 10 T
(i) x+yi +51 (i) x* +1y 9 +251
. 9. 53 63 ( >
i) 2+ Yi=121-2i V) —X——=VYl=—=+
(iif) y 3 5 (iv) 3 \/Ey NG

1.6.1 Carry out Basic Operations (Addi
Multiplication and Division) mplex Numbers

(i) Addition of complex numbé

Let z=a+ib and z,

Ya, b, ¢, de R, then, their sus

z+2, = (a + ib) + (ct+ id)
= (a+c) i =@+cb+d).
Example:  If zi= 6+ 9i ==1+2i, find z,+ z,.

9i = (6,9) and z,=—1+ 2i = (-1,2)

Solution:  Given that
we know that z, + z,= (a + ¢) +i(b+d) = (a+ ¢, b+ d)
=(6,9)+(-1,2)

be any two complex numbers

E/ Remember that:
(a,b)+(c,d)=(a+c,b+d)

= (5,11)

thraction of complex numbers.
Let zi=a+iband z=c+1id,Va,b,c, deR,
\ then zi- 2= (a+ ib) — (c + id)

=(a—c)+1i.(b—d)=(a-c bd)
xample:  If zi=— 7+ 2i and z=4 -9, find zi— 2.
Solution:  Given that zi=-7+ 2i = (-7,2) and z:=4 -9i = (4,-9)

we know that z; — z,=(a— ¢, b- d) R
t- 7= (T4, ) +9)2 E/ Remember that:

=  z—z=(-11,11)

(a,b)=(c,d)=(a—c,b—-d)
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(iii)

Multiplication of complex numbers.

Let zi= a + ib and z»= c + id, be any two complex numbers,
Ya,b,c,de
22, =(a+ib)(c+ib) %/ Remember that:

=c(a+ib)+di(a+ib) (a,b)(c,d) = (ac—bd, a ’
= ac + bci + adi + bdi
2

=(ac—bd)+i(ad+bc)=(ac—bd,ad+bc)  i*=— 1

‘Example[l] If z, =3+4i=(3,4)and z, =-3-4i=(-3,4), fi thuctzlzz.
Solution:  Given that
zy=3+4i=(3,4)and z, =—3—4i=(-3,4
We know that z,z, =(ac—bd, ad+
242y = (3,4)- (—3,—4)
= zz,=(-9+16,-12-12)= 7,
(iv) Division of complex
Let zi=a+ib= (a,b) atﬁé‘- (cd), z#0.
Division of complex number z: by another complex number z
written as under
z, r
Q : E/ Remember that:
“Z ¢ IZ (u,b)_(ac+bd bc—adj
c+1 Cc—1 - 2 27 2 P
ac+bd)+z(bc ad) G \emdri ¢
Q +d’
Y\; ac+bdj .(bc —ad]
H| —
\ *+d c* +d?

[ac+bd bc —ad j
A+d? c? +d?

&
&
J
3
&
&
J
®

757
77
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-m Simplify: 2>

4+ 2i
2+ 31

4+ 2i
2+31 4-2i

4+21 4-21

_(8+6)+i(12-4) :
(4)° - (i2)*
:14+8i
; o
14 .8
7 .4
10 10 %
= (l,i ):( / 2) Hence s1m“E
10 10 10°5

Perform d1v1510n of co aners using division formula.

Solution:

(a, d bc - ad
+d2 c +d2

D@ +B)4) B)2)-(=1)(-4)
&2,4 7y T2 )’
% (2-12 6-4
4416 '4+—16)
Q (14 2
\% - 2—0'5)

(71
1010

Solution: Formula

@ /LNy &= /A &
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,Vﬁ’ 0 %

( Exercise 1.6 @

Perform the indicated operations of the following complex numbers.

(i) (3,2)+(9,3) 5 2}(2 3) ’

1.

(i) (E ;
(i) (2xy,5y2)—(%xy,6y2) (iv) (15,12)~(10,-9)
Him

(vii) (4,-5)(5,4)

(vi) (1,2)(1,

5'15

() (3,-7)+(3,2)

Simplify and write your answer in

(i) — (ii)

1+i
(111) 2- 61

4+z
3+1

2+3z

=—4+6ian @& — 2i, verify that

() z,+2, =2, (i) z,— 2, = 7, -

1+z

If z, =

Ifz;, =2- 1andz2

2+ 3i, verify that

(i) [— -4

Review Exercise 1

11l in the blanks.

(i)  Multiplicative inverse ofv/5 is
() QuQ-__

(iii)  The additive identity in R is
(iv)  5+(6+7)=(5+6)+

(v)  3+(-3)=

(vij misa number.

@ s \ X7 & \ 7 @
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number.

(

(viii) The conjugate of -3 + 5i is
(ix) In2i(3—1i), the real part is
(

X) The product of two complex number (a b) and (c,d)

e. (ab).(cd) = . Q
2. Read the following sentences carefully and encircle “T” in case of tru

‘F’ in case of false statement.

(i) R is closed under multiplication.
(i) ifx<yAay<z=>x<z
(i) Vx,y,zeR,x(y-z)=xy—xz /F

(iv)  The product of every two imaginary num er@. T/F

(v)  The sum of two real numbers is a real number. T/F
3. Tick (V) the correct answer.

(i)  The additive inverse of /5 is

(i)
10
10i
(iii)
Associative
Closure
(iv)
-2
—2i

\The set of real numbers is the union of set of rational and irrational
numbers, i.e., R= QUQ'.
¢ There are two types of non-terminating decimal fractions i.e.,
non-recurring decimal fractions and recurring decimal fractions.
< Properties of real numbers w.r.t. “+” and “x”
@) Closure property:
a+beR and abeR ,Va,beR
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(i)  Associative property:
a+(b+c)=(a+b)+c and a(bc)=(ab)c, Va,b,ceR
(iii) Commutative property:
a+b=b+a and ab="ba,Va,beR
(iv)  Identities property:
a+0=a=0+aand a-1=a=1a VaecR
(v)  Distributive property:
a(b+c)=ab+ac or(b+c)a=ba+ca,Va,b,ceR

(vi) Inverses property: O
a+(—-a)=0=—a+a and ax1=1= 1>< 1,VaeR @
a a
< Number line: A line used for representing real number is called a

number line.
< Radical and Radicand: In’G/E , the\/_ is cdlcal sign a is called

’V,s)‘

Ne = s <re= 3 v @

radicand.
< Laws of Exponent:
(i) If a,beR and x,ye Z°, a’ =a.
(i) If seRand x,ye a y
(iii) Va,beRand Z+ (axb) =a"xb"
(iv) ‘v’a,be then, =— prov1ded b=0.

¢ ComplexN ber z=a+ib= a b) is called complex number, where ‘a’
is re ‘b is an imaginary part of zand i = J1 )

on two complex numbers z, =a+iband z, =c+id
a+c +i(b+d)
z,=(a-c)+i(b-d)

2122 (ac- bd )+i(ad+bc)

(ac+bd] (bc adj
ct+d? ct+d?




