Week # 01

LIReal Numbers :-
The set of those numbers whose square is always non - negative

is called Real Numbers.

> Examples :-
(1)°=1
(2)°=4
(—2)* =4
(—3)°=9

LImaginary Numbers :-

The set of those numbers whose square is always negative is
called Imaginary Numbers.

e Examples :-
(V=3)" =-3
(V=5)*= =5
(V=10)*=-10

e Conversation of negative to positive by the use of iota (i) :-

» V=3=+v—=1x3 =vV—1 xV/3=+3i aA—1=1i
> V—5=+V—1x5=+v=-1xvV5=+50
> V=16 =vV/—-1x 16 = V-1 x V16 =16 = 4i

.

(1. x2+1=0

Sol: —
> x4+ 1 =0




> x2+/-/ =0-1

> x2 =-1
Taking”\/_" onb/s

» VxZ= -1

> x -1

(2. x> +4=0

Sol: —

> x2+4 =0
> x2 4+ 4 -4 =0-4
> x? =-4

Taking "V "on b/s

Taking "\/—"on b/s

ViZ = V55
x = \V—=1x5 Contact # 0345-9036870
x = V=1 x+/5

x =i X5

(% = 5[ Ans) jamalgee555@gmail.com

4). x* +9 = 0
Sol: —
> x24+9 =0




> x*+ g -9 =0-9
> x? =-9

Taking” \/_" onb/s

x2+11 =0
x2 +1/-1/ =0-11
x?=-11
Taking "\/_"onb/s
x = V-1x11
x = V—-1x+11

=i x+11

TR

LIBComplex numbers :-
The combination of Real and Imaginary numbers is called

complex numbers It is represented by Z.

>
>
>
>
>
>
>

e Examples -
A = x+yiorg = a+bi »(1)

«_n

In —— (1) “a” represents real Part,” bi" represents imaginary Part and “Z”
complex Numbers.
(1). Z = 3+4i = (3,4) (order pair form)
(2). %z = 5-7i = (5,-7) (order pair form)
(3). Z =-2+5i = (-2,5)(order pair form)

OR
(D). Z = a+bi = (a,b) (order pair form)
(2). Z = 6+0i = (6,0) (order pair form)
(3). Z=0+61 = (0,6) (order pair form)




Operations:-

Addition of complex Numbers

General Form :-
Let

a+ bi VY a,b €IR
c+di V c,d €IR

Add Z1 and %2
» Z1+ Z2 = (a+c)+ (bi +di)
» Z1+ Z2 = (a+c)+ (bi+di)

[ Z1+ Z2 =(a+c)+ (b+d)iAns]

[ IQuestions:-

Add the following complex numbers.

(1). Zy=2+3iand Z,=3+4i
Sol : —

> 71 2+ 3i
> Z2 = 3+ 4i

Add Zl+ZZ

> Z1+72 = (24 30) + (3+40)
> Z1+472 = (2+3) + (3i + 4)

| Z1+Z2=5+7i Ans]

(2). Z1 = 3+6iand Z2 = 10- 7i

= 3+ 6i
= 10-7i
Add Z1 and Z2




> Z1+722 = (3+6i) + (10-70)
> Z1+272 = (3+10) + (6i —7i)
> Z1+22 = 13 + (—i)

‘ 21+7,=13 —i Ans.‘

(3). Z1 = 3a-5biand Z2 = 4a + 11bi
Sol : —

Z1 = 3a-5bi
Z2 = 4a + 11bi

Add Z1 and Z2
Z1+Z2 = (3a-5bi) + (4a + 11bhi)

Z1+ 272 = (3a+ 4a) + (—5bi + 11bi)
Z1+7Z = 7a + 61

|Z1+ 72 = 7a + 6i Ans.]

(4). Z1 = V3-diand Z2 = a- 5di
Sol : —

71 = \3-di
Z2 = a-5di
Add Z1 and Z2
Z1+72 = (V3-di) +(a- 5di)
Z1+22 = (V3 +a) + (—1di — 5di)

| Z1+72 = (V3+a) —6di Ans. |

CSubtraction of complex Numbers

e General Form :-
Let
= a+ bi Y ab €IR
c+di V c,d €IR
Subtract Z1 from Z2




» Z1— Z2 = (a+ bi)-(c + di)
» Z1+ Z2 =a+bi—c—di
» Z1+ Z2 =a—c+bi—di

| 21+ 22 = (a-c) + (b - d)i Ans|

(I Questions :-

Subtract the following complex numbers.

(1). a=2+iandb = 8—6i
Sol : —

> a= 241
» b= 8-—6i0

Subtract “b” from “a”

> b—a = (8—6i)—(2+10)
> b—a=8-6i—2—i
> b—a=8-2-6i —i
> b—a = 6—7i

‘ b-a = 6—7l'ATlS.‘

(2). Z1 = 2a—3biand Z2 = 3a + 12bi
Sol: —

> Z1 2a — 3bi
> Z2 3a + 12bi

Subtract "Z2" from "Z1"

Z2—-271 = (3a + 12bi) — (2a — 3bi)
Z2—-271 3a + 12bi — 2a + 3bi
Z2—71 =3a—2a+ 12bi + 3bi
Z2—71 = a+ 15bi

Z2 — 71 = a + 15bi Ans|




(3).Z1 =32 +5i)and Z2 = 5(1 — 2i)
Sol: —

> 71 =32 +5) => 71 = (6+ 15i)
> Z2=5(1-2i) =>Z2= (5—10i)

Subtract “Z1” From” 22"

> Z1-172 = (6 + 15i) — (5 — 10i)
> Z1-272 = 6 +15i — 5+ 10i
> Z1-72 = 6—5 + 15i + 10i
> Z1-272 = 1 +25i
Z1—72=1+25i Ans)

LM Multiplication of Complex Numbers

e General form :-

Let
> Z1 = a+bi V a,b €IR
> Z2 = c+di VY c,d €IR

Multiply “Z1” and “Z2

» Z1.Z2 = (a+bi).(c+di)
Z1.Z2 = a(c+ di) + bi(c + di)
Z1.Z2 = ac +adi + bci + bd (i)?
Z1.Z2 = ac + (ad + bc)i + bd(-1)
Z1.Z2 = ac+ (ad + bc)i —bd
71.72 = ac + (ad + bc)i — bd Ans)

(I Questions :-

Multiply the following complex numbers.

(1) .a= -3+ 6iand b= 10— 7i

Sol: —
> a= —3+6i




b= 10— 7i
Mltiply ""a" " With Hb"

a.b = (=3+6i).(10 —7)

a.b = —3(10 — 7i) + 6i(10 — 7i)

a.b = —30+21i +60i — 42 (i)?
a.b = =30+ (21 + 60)i — 42(—1)
a.b = —30+42 + 81i

a.b = 12 + 81i

‘ Real part =12 Ans.‘

‘Imaginary part =81 Ans.‘

(2) .Z1=3a- 5biand Z2 = 4a + 11 bi

Sol: —

» Z1=3a- 5bi
Z2 = 4a +11bi
Multiply “Z1” with “z2”
7Z1.Z2 = (3a —5bi).(4a + 11bi)
Z1.Z2 = 3a(4a + 11bi) — 5bi(4a + 11bi)
7Z1.Z2 = 12a% + 33abi — 20abi — 55b2 (i)? — ~i? = -1
71.Z2 = 12a? + (33ab — 20ab)i — 55b% (—1)
7Z1.Z2 = 12a* + 55b% + 12abi

| Realpart = 12a?* + 55b% Ans.

| Imaginary part = 12abi Ans|

(3) .Z1 =2(1+2i) and Z2 = —=3(2 — i)

Sol: —
» Z1=2(1+2i) =>(2+40)
» Z2=-32—-i) =>(—6+3i)
Multiply “Z1” with “Z2”




Z1.72 = (2 + 4i) . (—6 + 3i)
Z1.72 = 2(—6 + 3iQ) + 4i(—6 + 3i)
Z1.72 = —12 + 6i — 24i + 12(i)?
71.72 = =12+ (6 — 24)i + 12(-1)
71.72 = —12 + (—18)i — 12

Z1.Z2 =—-12—-12—-18i
Z1.Z2 = —24—18i

‘ Real part = —24 Ans.‘

Imaginary part = —18iAns.‘

L Division of Complex Numbers

e General Form :-
Let
a + bi Y ab €IR
c+di V c,d €IR

Divide “Z1” by “Z2”

Z1 _ a+bi
Z2 c+di

Multiplying and dividing ¢ — di

Z1 a+bi c—di
— X

72 c+di c—di

>

Z1 a+bi)(c—di

E:W »a* b? = (a—b)(a+b)
L2 =-1

Z1 _ a(c—di)+bi(c—di)

72 c2- 4% (-1)

Z1 ac—adi+bci—bdi?

72 c2+d>2

Z1 _ ac—(ad+bc)i—bd(-1)
72 c2+d?




> Z1 _ac+bd+(bc—ad)i

Z2 c2+d?

ac + bd

Real part = WAns.

] bc —ad
Imaginary part = Wl Ans

I Questions :-

Divide the following Complex numbers.

(1) .a = 2+4+iand b = 8—6i
Sol: —
> a=2+1
> b=8-6i
Divide “a” by “b”

2+i
8—61

a
> o=

Multiplying and dividing 8 + 6i

2+1  g+6i

_ 8+6i S 22 (o
~ e ei 8r6i — > @ b* = (a—b)(a+b)

a _ (2+6i)(8+61)
~(8)2-62(i)2

a _ 2(8+6i0)+i(8+610)

64—36(—1) /

_ 16+12i+8i+6(i)?
o 64+36

Lt =-1

__ 16+(1248)i+6(-1)
o 100




a _ 16+20i-6
b 100

a _ 16—6+20i
b 100

a _ 10+20i
b 100

a6 IS

=+ 2

b 10 160

a 1 1.
> —=—+-i
b 10 5

1
R = —Ans.
eal part o Ans

1
Imaginary part = Ei Ans

(2) .Z1 = 2a—3biand Z2 = 12a + 3bi

Sol:-
> Z1=2a — 3bi
> 72 =12a + 3bi

Divide “Z1” by “Z2”

z1l 2a—3bi

==
z2 12a+3bi

Multiplying and Dividing 12a — 3bi

Z1 2a—-3bi 12a-3bi

72~ 12a+3bi 12a—3bi

2 __ (2a-3bi)(12a-3bi)
72 (12a)2-(3b)2(i)2

~a*"b?=(a—-b)(a+Db)

Z1 _ 2a(12a-3bi)-3bi(12a-3bi)
72 144a%2-9b2(-1)

it =-1

24a*—6abi—36abi+9b?(i)?
144a2+9b2




Z1 _ 24a*-42abi+9b?(-1)
Z2 144a?+9b2

Z1 _ 24a*-9b*-42abi
Z2 144a2+9b2

24a* — 9b*

Real part = ——— 22 _ 4
ear Part = Taaaz y opz "

S.

Imaginar art = 42ab i Ans
g yp  144q2+9p2 :

[ Conjugate and Modulus of Complex Numbers :-

> Conjugate :-

7 =
x+yt
X —yi

Z=x-yi

[Z =x —yi Ans|

» Modulus :-
1Z] = Jx% +y?
By Pythagoras Theorem
|Hyp|* = (Base) *+ (Per)
|ZI? = x* + y?
1Z| = /x? +y?
‘MlzJ?ﬁSEMm




(I Questions:-

Find the Modulus Of the following

(1).Z1 = 1+4+iand Z2 = 2+ 3i
(i). Find |Z1 + Z2|
Sol : —

Z1l = 1+i
Z2 = 2+ 3i

Add “Z1” and “Z”

Z1+22 = (1+0)+ (2 +30)
Z1+22 = (1+2) + (i + 30)
Z1+ 22 =3+4i

Now Taking Modulus
|Z1+Z2| =3+ 4i

13+ 4i| =,/(3)2+ (4)2
I3 +4i|=vV9+ 16
|3 + 4i | =25

13+4i|=5

I3 +4i] = 5Ans|

Find |Z1. 22|

Sol: —
> Z1 = 1+
> 72 = 2+ 3i




Multiply “Z1” with “z2”

Z1.22= (1+1).(2 +30)
Z1.22 = 1(2 4 30) + i(2 + 30)

Z1.Z2 =2+ 3i+ 2i+ 3(i)?
71.22=2+(3+2)i+3(-1)
71.22=2+(5i) -3
71.Z2=2-3+5i

Z1.Z2= —-1+5i

Taking Modulus

| Z1.22| = Jx2+y?
|-1+5i| = /(=12 + (5)°
|-1+5i] = V1425
|-1+ 5i| =26

I-1+5i| = V26 Ans|

(iii) .Find |%|

Sol: —

Z1l =1+

Z2 = 2+ 3i
Divide “Z1 by”Z2”

» Z1_ 14
72 2+3i
Multiplying and Dividing 2 + 3i

z1 1+i 2-3i
P

N
»

720 2+43i  2-3i

71 (1+0) (2-30)

¥ T (2)2-(3)2(i)2

~a’" b =(a-b)(a+b)




Z1 _ 1(2-30)+i(2-30)
Z2  4-9(-1)

Z1 _ 2-3i+2i-3(i)?
72 449

71 _ 2—-(3-2)i-3(-1)
72 13

71 _ 243-1i
72 13

71 5 i

Z2 13 13

Taking Modulus

21, _ [ 2 2
| =vx*+y

21, _ |52 12
|22|_ (13) +(13)

Z1 25 1
1-1= |G + &)

Z1 25+1
151 = 4G

LIProperties of Complex Numbers:-

» Commutative Property w. r. t Addition & Multiplication :-




Z1+722=721+722 » W.r.t Addition

Z1.7Z2=71.Z2 > W.r.t Multiplication

» Associate property w .r.t Addition & Multiplication :-

Z1+ (Z1+ Z3) = (Z1 + Z2) + Z3 > w.r.t Addition

Z1(Z2.Z3) = (Z1.Z2).Z3 » w.r.t Multiplication

» Distribute property of Multiplication over Addition :-

Z1.(Z2+273) =71.72 + 71.Z3

(Z1+4+22).Z3=271.Z3+Z2.Z3
» Conjugate property :-

I1+72=71+72 » Addition

71.72 =71.72 » Multiplication

71 71 e ..
—] = [:] » Division
Z2 Z2

L Questions:-

> If Z1 =2x—3i and Z2 = 4x + 5yi then show that Z1 + 72 =71+ 72

Sol: —
Taking L-H-S

» Z1+Z2 = (2x — 3yi) + (4x + 5yi)

» Z1+272=2x+4x —3yi+5yi




Z1+ 22 = 6x + 2yi

Apply conjugate

Z1+ 272 = 6x + 2yt

Z1+Z2 = 6x—2y0

Taking R-H-S

Z1=2x—-3y1 => Z1= 2x+3yi

Z2=4x+5y1 => Z2=4x—5yi

+Z2 = (2x + 3yi) + (4x — 5yi)
Z1+4 72 = 2x + 4x + 3yi — 5yi

+ 72 = 6x — 2yi

Z1+272 = 6x—2y1

From ——» (A) and ——(B)

IR—H—-S=L—H-S5|

IfZ1=1—4i and Z2 = —2 + 5i then show that Z1.Z2 = Z1.72
Sol: —

Taking L-H-R
71.Z2=(1—4i).(-2+ 5i)
Z1.Z2 = 1(—2 + 5i) — 4i(—2 + 5i)
71.Z2 = =2+ 5i + 8i — 20(i)?
71.22 = -2+ (5+8)i — 20(-1)
71.72=-2+20+13i
Z1.Z2 = 18 + 13i




Apply Conjugate

Z1.Z2 =18+ 13:

|Z1.22 = 18 — 13i]
Taking R-H-S

1=1-41 => Z1=1+4i

72=-2+51 => 72= —2-05i
Z1.Z2 = (1+4i).(—-2-5i)
2 =1(—2—5i) + 4i(—2 — 5i)
—2 — 5i — 8i — 20(i)?
—2— (5+8)i —20(-1)
—2 420 — (13i)

|71.72 = 18 — 13i |

From ——5 (A) and —(B)

IR—H—-S=L—H-S5|

If Z1 = —a—3bi and Z2 = 2a — 3bi then show that [ ] [ ]
Sol : —
Taking L-H-S
[ ] __ —a-3bi
2a-3bi

Multiplying and Dividing 2a + 3bi

[ﬁ ] __—a-3bi _ 2a+3bi

X
Z2 2a-3bi 2a+3bi

(—a—3bi) (2a+3bi) D oamya
[ ] (2a—3bl) 2at3b) ————— @ b*=(a—b)(a+b)




__ —a(2a+3bi)—3bi(2a+3bi)
(2a)?-(3b)*(i)*

—2a? —-3abi—6abi—9b?(i)?
4a%2-9b2(-1)

D

_ —2a*-(3abi+6abi)—9b%(-1)
4a2%+9b?

_ —2a*+9b*-9abi
4a?+9b?

—2a%49bh?

9abi

" 4a2+9b2

Apply Conjugate

—2a2+9p2

4a2+9b2

9abi

]:

__ —2a?+9p?

[ZT
Z2

4a2+9b2

4a2+9p2

9abi

4a2+9b2

4a2+9p2

—2a%+9b?
4a2+9b2

Z1
Z2

9abi
4a%2+9p2

]:

Taking R-H-S

» Zl=—a—-3bh => Z1=—a+ 3bi

» Z2=2a—-3bt => Z2= 2a+3bi

__ —a+3bi
_-2a+3bi

Multiplying and Dividing 2a — 3bi

> |51

—a+3bz
2a+3bi

2a-3bi
2a—3bi




—a+3bi 2a-3bi
2a+3bi 2a-3bi

(—a+3bi) (2a—3bi)

D212
(2a+3bi)(2a-3bi) ~a*"b* = (a—b)(a+b)

—a(2a—-3bi)+3bi(2a—3bi)
(2a)2-(3b)%()?

—2a? +3abi+6abi—9b?(i)?
4a?-9b?(-1)

—2a? +3abi+6abi—9b%(-1)
4a?+9b2

—2a? +(3ab+6ab)i+9b?
4a?%+9b?

—2a? +9b2%+9abi
4a2+49b?

[ﬁ ] _ —2a*+9p? 9abi

Z2 4a2+9b2 4a2+9b2

From — (A) and — (B)

[R—H—S=L—H-5|

The End of Week # 01




