Identlfy con p ex numbﬂrs cumplex conjugate absolute V&Iue or modulus of a

complex number.

» Apply algebraic properties and perform basic operations on complex numbers.

» Demonstrate additive identity and mulnphcatwc identity for the set uf complex
numbers. ~

p» Find additive inverse and multiplicative inverse of a complex number z.
#» Demonstrate the following properties of a complex number z.
o |z === |zl=|-2| ° z=z,2z=|z|
- e — 7 == ;I- -'_
o0 H{t&h=24%2, o H&H =% ==Lz, #

number and algebraic operations of a comple

» Find real and imagin rts $ 0 the type (x + iy)" and

» Apply the Geometric interpretation of a cumglex num @@ﬁ@umpl&x
@

L

+i i,

(_"‘xi J’1] Xy F n=iland n=%42
+ 1, .

> Selve the sunultaneuus linear equahuns with complex coefficients.

A complex number is a number expressed in the form x + iy, where x and y are real
numbers and i is the imaginary unit, defined by 2= -1,
Example 1: Simplify the following:
@ 7 (@A (i) M (y) 20

Iq lﬁx;— ;‘237{;—'- _l.‘.lx'r=_: -“-_'I'_u_ 1'.-""’-1-” ik
8 _ 4 ( )4 =) Eﬂn‘:piex numbers are essential | l
= (i%=1)y'=1 - for many technnluglu like

L= 16 x j=(2)8 x j=(-1)8xj= 5martphﬂne signal cessinp

‘and M
_____ > %@ Sy

A complex ny Al orm x + jy (or x + yi). where x and y are real numbers, x




is said to be pure ima
) Ify =0, the complex number is said to bg
(U It is customary to denote the standakd Fel Angitle
: L W e
as z and we write x= Ré&

For example, Re(5 _ﬂg N .
Equality of Co ers

. Two complex numbers z; = x, +iyyand 23 = x5 + fyy dre said to be equal if and only

if Re(zy) = Re(z») and Im(zy) = Im(z;). i.e. x; = X3 and y; = y,.
For example, if ¢ + i =-2+5i thena = -2p =5.
Example 2: If (2x—1) + W+ 4)i=5 + 7i, then find the values of x and § A
Salution:

Given that (2x—1) + (yv+4)i=5+7;

Since the two complex numbers are equal, their real and imaginary parts mast be
equal. ]

) Ifx=0, the chpTex number

W—1=5 , p+d=7
=6 |, y=7-4
' y=3

l

1." Simplify the following:

A |

i
sol P=tx =98 =(-1pPxi=1xj=; as, # =—1
(i) \ 16
al. 18 = @) =(_1)8=) as, f=-1
(i) (~iy-1

Y il e
S R e i

SHMRE ] I SIS0 L 2
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: i ol e
Sol. fl+ 8 = =P % i (B i
= (- 5xf+(—1)1><i=—1><;'+1><.i=-f+;‘=ﬂ as, i =—]



(vi) (I"-!- FARNE 7 + I’]I a _
Sol. (4 B+ R+ =[P+ Exi+ (T @%ﬂ:_l
=[(—1f+=:—1}x%@g‘%®= Wl
e\t

(J-s\‘-‘ ¢
“"]JS, W\ﬂ ] M
ia"\”5 - A

Sol. [F = (855 = ()5 = ()5 = i-15
J VO e AN 00 =L SO
=P P -(jz)"',-{f (-1) xi =1xi as, P=—
A Ixy @ d _f_;
I A £ ¢ B R (5 T

(viii) i13 x 29
Sol. i3 x 29 = 13129 = j42= (@21 = (] )21'= |
; ite j i
2. . Write in terms of i > G@@iﬁ@

M 2444 o@@ : |
Sol. 2+v—4 =2 + Jax(=1) @?&G@@ 27 as, V=1=i
(i) 37 {B €
Sal, 3~J—F=3W%_l)=3_ﬁxﬂ;3_\m = as, V-1=i
L ET
(iii) §-+ 3
'y 3+J~16 _24-16  2+.f16x(-1)
5 i .15
24:16xy=1 2447 2 4i :
= . 5 == 5 =—5-+? as, '\[——]“-—"3

(iv) V2-/-3

Sol. V2= 3 =V2-Bx(C1) = Vo BxyT =33 as VCi=i

3. Find the values of x and y. a@m
(i) Qx+5)+(y=3)i=1+2i 0 @w 20
Sol. (2x+5) + (y—3)i=1 + 2i % @ |

Since the two complex number® d imaginary-parts must be equal.

2Z+5=1 , y=3= m
=i B

x=-2




e — "
(i) Bx+2)-(A—p)i=5+3i = ﬁ A
Sol. (Bx + D —(4—-y)i=5+3i ﬁa‘:@c
Since the two complex numbers
their real and unagmar}r H+2}‘+ yi=4
i x+2y-+.n+u- — i
31't2=5 f“ | £ (xt2Y)F(xEy)i=4-i _
gi;g_z "4?;4 2y Since the two complex numbers are equal,
3 : : their real and imaginary parts must be
x=5 ] sz | qna]"
|x+2y 4 (1) —x+y=-1 __ (i)
Xx= a
- By addi i) and , we get
(i) @+ i+ (1= 20y =3+ 4i |- By AR CAUERIE G o
Qal. @+ dx+ (1 -2iy=3 +4i L 71“*23’?4
e+ xi+y—2yi=3+4i | ¥Hipest
x4+ y+xi—2pi=3 +4i | 3y =0

@x+y)+(x=2p)i=3+4i 3
Since the two complex numbers are equal. i iECS

their real and imaginary parts must be | {% a m

equal.
2+y=3,x-2y=4 0 1
2+ y=3 4‘@@
1

x-2y=4
Multiply <L ' So, 1—2,3;:1
4x+2y=06 (1) v) Gx-1)+(2y-Ri=8+7i
Add eq (ii) and eq (iii) sl Bx=1)+(2p-3)i=8+7i
x=2p=4 . Since the two complex numbers are equal,
4x+2y=06 ~ their real and imaginary parts must be
52 =10 | equal.
10 | Ix—1=8 L y=3=1]
x= = x=2 j Ix=8§+1 , 2y=T7+3
Put x=2 in eq. (1) | i o =2y
2(2)+y=3 ‘ | x??_ _10
4+_1z=3 3 : 2
Shc: y=3-4 = y=-1 = x=3 g Y=

1.2 Algebraic Operations en Cempiex ¥ Ni iz

& uu# = L

Scalar Multiplication of Corgy
Ifz=x+iyand ke R, e \defin

1
The following diagram am shows Jz for k= 2, 2,_1
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Figure | Figore 2 Figure 3
Addition of Two Complex Numbers
If zy = x; + iy and z2 + i3 where x;,
xy+ vy and y; € R, then
ot z=0x + i) + (a2t i)
=(x +x)+i(n+y)
When z; = x; . iy1, and z; = X3 + iyy, then by the
parallelogram law of addition,
zitz=(x + X)) +iph +y2)
() Ifzy=a+ib,zy=c+id where a, b, c,de R, then

zZy+za=(atib)+(c+id)=(a+c)tifh : : |
(i) l‘ézl—iaulb z,=c+ id, where a (m@ ;
Z;+22-(d-!b}+(ﬂ+ @-\Wﬁ a)i |
Example 3: AdWo .
Solations
(3 + 4i) + (5 -2i)

=(3+5)+(4-2)i
=8+2i
Subtraction of Two Complex Numbers
If z; = x; + iy, and z; = X + iy», where , X1, X2, V1, Y2€ R,
then z; — z; = (x) + ivy) — (2 + iy2) = (%1 - -’ﬂz}""lﬁ’l ~¥2)
n-2=21+(2)

o o) Pt
=(x1—x) +i(y1—y2) Z :
21— 2= (x1 = x) + i(y1 — 2)
Example 4: Simplify: () (8 + 2:’) (5 —61i) NPT ool 1 {4 3i) - {2 ~5f) S

Solution; ]
iy (8+20)—(5-6i) 8fz
=8+2i—5+6i

=(8-5)+(2i+6i)= 3@\(3\_5 _zl-z;=4+6i
) (4-3)-(02- 5:) | 21—4+6f+22

=4 - ?om&a =4+6i+3-2i a8, z3=3-2i
-{4 2 3+5)i=2+2i z, 7+ 4i




Muillplmatmn of Two Cnmplex Numbers —‘W

].»e!zi—x1+;yl,za—x; l'_}’g @
then  zyzp=(x; +iyy) (x @@
=x(2+ r.l'z)
‘-T i "'" 2= {lez Yiy2) T iy + yix2)
Example 5
(1) Simplify: (3 — 4?1'] {5 —6i)

i) Ifzy=2+3iand z; =4 + 7i, then find z,2,.

Solution:

i B-4)(5-6i) () zza= (2 +3i) (4 + 7D
=3(5 — 6i)—4i (5 - 6i) _ Using
= 15— 18i—20i + 242 (g + i) (2 + i) = (¥ — yyy) + iyatyixa)
=15- (18 + 20)i - 24 Zizz=(2x4-3xN+i2xT+3x4)
=15-138i-24 =(8 —21)+ (14 + 12)i = —13 +26i
=(15-24)—38i=-9 —38i :

Division of Two Complex Numbers
Letz; =x; + iy, 2, = x; + iy
zy _ x+iy
Now, Z, Xty
X +5!:].=J X —fy:

y.xz) + ¥, ¥,

2, %0

as, 2=-]
2 5
=lez+}'!}'z“i(x|}’z_ Yi%;) =x|_x1+.}’1.1"g+ i n—-xy,)
X+ X+ x2 4y
1B
1. Simplify: 37 I{"f i)

ol [1; 2i )(2+ )

_(#20)2+0) _ 2+i+4i42i°
3-i 3—i

24 5i +2(-1)
=+ ;-4-'- | %%m
_245i=2 wﬂﬁm 4

3—1i 3—1i




Fed

Find the complex number z:
Zz

if =3—i
2+ 1
7z =
Sol == 1 %%w
z=(3-1) O
=3(2+1 + i)
=6+3i-2i-i2

=6+i-(-1)=64+14+i=T+i
So,z=7+i

m(‘m@%?@ s

Example 6: Express ;j: in the form of x + iy or x + yi.
3440 3+Ai S5+7i_ 15+21i4+20i+288
SOWHO S 5T s+l GE-()
15-28 +(21+20)i 2l
T 25449 e
_-13+4li 13 41 ' @o@@@
74 74 74 0 &@@W

Properties of Complex Nun@w Mﬁ\ G

The camplex numh
fo]lnmngp

“The complex numbers satisfy the following
properties under multiplication.

(i) Closure i'M;w:t}
For any two complex numbers z; and z;,
the sum z; + z; is also a complex number.

(I} Closure Property
For any two complex numbers z; and z,
the product z;z; is also a complex number.

(ity The Commutative Property
For any two complex numbers z, and z,
)+ Z3=2Z3F ]

(ii) The Commutative Property
For any two complex numbers z; and z;.
ZH = 21 ) .

i

(iii) The Associative Property
For any three complex numbers z;, z> and
Z3

Gt z)tz3=2+(2;+ 23)

(1ii) The Associative Property
For any three complex numbers z;,z; and
23,

(2122)23 =z (2223) .

|

(iv) The Additive Identity
There exists a complex number 0 = 0 + 0

such that, for every complex ber f
ok ﬂ' 0+z= W

The complex num ;&I

as additive ui

,

zXxl=1xz=z
The complex number 1 = 1 + 0/ is known
as multiplicative identity,




age—— -

complex number — z such that,-, Xists ber w such that,
' z+(-2)=(2) + 2= &j\@ , - zw-wz—*—l

—z is called the w is called the multiplicative inverse of z
and it is denoted by z-1. -
(vi) Distributive Property of Multiplication Over Addition-
For any three complex numbers z;, 2, and 23
' z;m+t )=z ntznand(z tn)a=n3t a2

| J
fxample 7; If z=—7 — 4i, then show t]:l.aa:;t Example 9: - Find the additive inverse of
zH0=z. 12“'?—10: ;
Solution: | Solution: 2= 7~ 10i ;
2+ 0=(=7-4i)+ (0 +0i) iAdemfe inverse of z= -7 + 10i
=_7-4i+0+0i WZ"'("‘Z) T - 101‘1‘(—?4’1“[)
=_T 4j=z- "‘T 1[]1-—7"‘1 0 f

Shows z+0 =z (0 is the additive identity) | sy "”“ 8 -

Example 8: Verify the mul lica \% z 423 (gwen]

identity for z =3 -2i. |

Solution: 2% 1= Multiplicative inverse of = 777
I-Zl—ﬂfz ¥ 1 s
— = [

my=al= Fo 4-3i

lxz—(1+ﬂr}(3 2i) e A
=3-2i+0i- 07 _ (4-3 i)4+3i) (47 —3i)’
et s e L4430 4+3i_4 3

Hence, verified thatz x 1=1xz=z % “jg 9 25 25 25
| Snlvenl Exerc:se 2

1. Simplify and write in the forma + bi:

B @Q+5H+3 -z iy (16 -3i)+ {‘i'+..:';

ol @+5)+(3—zi) =2+ 5i+3-zi Sol. (16— 3n+(97 6N +2i
=243+ 5i-zi \) =0 — 3i+ 2i
q5+g )i E;Cﬂsl \@ =251

(i) (8 =20 —(7 =31 J + 90 —(9-Ti)

Sol. (9-2i) - ('? 3! -mr (11+9)-(9-T)=11+9i-9+7i

9 2;+3: =11-9+9i+7i
=2+i - =2+16i

(v) The Additive Inverse oE: {1.} The “Hulilphu lt |
Fnrwerymmplexnumberzthmamm A, ‘ -a- berz,



(v) (3+

4:H" - (vi) (5=20(3-4i) — f\m
Sol. (3 +4i) (2 - 3;') 32— 31’)+4:(2—3:‘} ol. jﬁ@ {a} 2:(3-4:)
=6- 918127 ,f é\r\ = 15-20i — 6i + 8/
== 9; +8T 6’{3 — 15-20i—6i +8(-1)
=15-20i-6i—8
‘\@ﬁu i+ 8i =15—8-20i—6i
=18-1i =7-26i
(Vi (3 =50+ (2 - 4i) hiii}:{:’w'- 25y = (6 - 3i)
3-5i | 542i
Sol. (3-5i)+(2-41) ~ 2_4i | Sol. (5+20) +(6-31) Tg_3;
= 2+ 4i [ =5+2ix 6+3i
2—-4f 2+44i | 6-3i 6+3i
_3(2 +4i)-5i (2+41) 5(6 + 3)+ 2i (643i)
(2)°- (4iy (6% (3i)’
 6+12i-10i- 20 j
C 416y |
6412 —10i -20(-1) & @J\: \\Q
T (16 %1 % i 36— (9x-1) as, i*=-1
_ﬁ+1.2:£1&9w9 30— 6+15i+12i
T 4416 T 3649
6+ 20+12i1 100 _24+27i
i 20 ST R
=26+2i 24+27¢
20 45 45
26 . 20-13 ik L5
T20 20 10 10 155
2. Write additive inverse for each complex number:
i) 3+2i (i) 3
:1!:!. Let z= 3+2i Sol. Let 4 z— ©@\§®
Additive inverse of z=-3 - 2i --4+3:
(ifi) 5-7i m
Sol. Additive mverse of z= %% “' i
GV St 2 s,
“ol. Additive inverse qu= 5—4.1




N s
3.
iy 4+5i
Sol. Letz = 4+5i

The mulnph:anve inverse
2 b
z 4+
S -
4450 4-5i
=S
- @)- iy
450
T 16254
B
16— (25 (1))
4-5i
16+ 25
4-51

(iii) 7—3i ;
Sol. Letz=7- 3'3@[’%[&[]@
The multiplicative inverse

1 1
z 7-3i

1 7+3i
= »
=3i T+3
- T+3i
(T>(3)i°
5 T-3i
49 -9/
_ T+
49 +9
T+3i

=758 58 58

I

= |

i §

—'.——-—-—

%ﬁ\l

ofz=1z"

@@flh

Find multiplicative inverse for each nnmpiex number:

R
T
% mhcatwc inverse of z=2z"1
A 1

— -

z:=6+2i
oL 62
T 6420 6-2i
. 6-2i
(6)°— (i)
G2
36— (4x (-1))
_6-2i
36+ 4

6—2:

m} \“'

Sol. Letz= J_ 4i
The multiplicative inverse of z=2z"

4_1_ 1
Z 5 4

Rt T
T J5-4i 5 +4i
8 J§+4i
 Wsy-@iy
A5+4i
‘_5- 6i

1
VS +4i @Cx\
%@@W«r 4i

S+ 16 21

. 6-2i
36—4i°

6

”@@ w

—+-£
21 21




4.
() Z,+Z; =% +7x
Sol. LH.S

ZI+ZE {2+5f}+fl

S

= 3+2i
R.H.S
Z+7;= (1=-30)+ (2 +5i)
=1-3i+2+5j
=T+ 2=31F5
=3+ 2i (2)
From (1) and (2) we get
LHS=RHS

Hence, verified that z, + z, = z, + z,

(iii) (z, + ) +2, =2, +{ %% Q{
Sol: L.H.S W
(21 + Zobtzy = [(2+ 50) + (1 = 30)] + (2+i)

=[2+5i+1=3i]+ (2 +1)
=@+1+5i-3)+@2+i)

=@3+2)+@2+D)
=3+2i+2+i
=3+2+2i+i
=3+ 31 (1)
(iv) (z,z,)z, =12,(z,2,)
Sol: LH.S.
(212523 =[(2 +50) (1 - 31)] (2 + i)

=[2(1-

3iy+5i (1-30)] (2+

=(2—-6i+5i- %
—{2 ﬁl-FS:—-W
(2 +1)

Hz, =2 + §i, 22—1—3:andz5:-2

@yﬂi\ff@zz

-(2 5—6i+5i)(2+ 1)

+ i, then uen% C@

= (2+5).(1=3i)
=2(1=3i) + 5i(1-3i)
=2_6i+5i—1512
=2-6i+5i-15(=1)

=2 —6i+5i+15
=2+ 15— 6i+5i '
= 17—1i (1)
R.H.S
z,7,= (1-3i)(2+5i)

= 1(2+51) = 3i (2 + 5i)
2+5i-6i— 157
24+ 5i—6i—15(=1)
=2+5i-6i+15
=2+ 15+ 5i—6i

(zi*zj) (2+ 50+ [(1=3)] +(2+D)]
=@2+5)+[1-3i+2+i]
=@ +S)+(1 +2=3i+1)
= (2 +5i)+ (3 - 2i)
=2+5i+3-2i
=2+3+5i-2i
=5+3i (2)

From (1) and (2) we get
LHS=RH.S
Hence, verified that (2,2, 4z,=7,+(z,+25)

o

=(17-D@+i)

—1?(2+%r?‘}
QO —2i— (-1

=34+ 17i-2i+ 1
=34+1+17i-2i
=35 +15; (1)




mL

e i e e 5 T —————

R.HS

zy (2 23) —(2+5:) [(1 =3§) (2+i)] W 25 1)

i =(2+5)[1(2+1 f :: @ S\m lﬂ:+25:+ 25
-(2+5f'){2+:-— =10+25-10i +25i
—[2+5: =35+15i (2)

Ei +3) From (1) and (2) we get

!

) (2+3+i-6i) 1| LHS=RHS
| Hence, verified that (z,2,)z,= 7/(2,2;)
i

— 2z, =—(2+5))=-2-35i
2z, +(~2;)=(2+5) +(-2-5)
=2+4+5i-2-5i
=2-2+5i-5i=0+0=10
(-2)) + 2, =(-2-5)+ @2 +5i)
- =-2-5i+2+5i

© ==2+2-5i+5i=0+0= Xﬁal
Hence, verified that z, + {—Z;)ﬁm% (3@\5\3
5 ”'—;—:-F:l:'.: alues of x and v.

o

e (1+i) 4i+2(-1) o
Wt *’ | T
(l)’+2{1}_:+(:) ] LS RS
2—i o 1| ey
142i+(-1) . | o
S (1 | 0 i
1+2i-1 | SRt L
WP SR . § gt
1-1 +2i | By comparmg real and imaginary parts of
2i | &S5 ? [’r—(““\\_ilh
=Xy - & jo=
] =L TN _\ﬁ Qﬁj@
L ST sl '?%(Q \u \
<R ;
AR .
4i+2i wﬂﬁ&lﬂﬁﬂ |
(2}2_ I-l :i\ iy




— ~ il L -y =
B = () )
6. If(2x +iy) (1—i)= 4+ 2i, then find a ’i 33#*11{4*33;!\5(4f}&é-__3§+ i
thevnluesnfxandy ‘Hrfﬂ(u gﬁ\*ﬁh b’i‘-—ﬂ+11:
Zx(l i)+ iy (1 - uh H\\Lﬁ“g B}f comparing real and imaginary
i ﬁ parts of both sides
2x —2xi +;y-{ﬂy& 21 a—3b=—8- (i)
X~ 2xi+ iy~ (-l)y = 4+ 2 a+b=11 (i)
IX-2xi+iy+y=4+2f Multiply eq. (ii) by 3
2x+y—2xi+ iy =4+2i 9a+3b=33 (iif)
2X+y+i(-2x+y)=4+2i Add eq. (i) and eq. (iii)
By comparing real and imaginary a— 34 =-8
parts of both sides 9a + Zb = 33
2&x+y=4-(i), - 2x +y=2—(ii) =
Add eq (i) and eq (ii) s
25 5
2 +y =4 sl S U
10 2_5‘“_'ﬁ‘|,|
5 ek ANNCEOL
2y=6 o A By putinga =5 eq. (i)
6 ) Yﬂ ﬁd{g \\Jlﬁl} =
L AL e
u 2
Puty=3in W’Q}‘I\{r z 5
2x +3 =\ 2(5] —-2(3b) =2(-8)
4- =1
2x = 1 N 4 S_6b=-16
X= = -6b=-16-5
12 6b=-21 = 6b=2
21
So,x= Y 3 g =
7. Find the values of a and b, if (a + 4 ¥
b)) (1+3)=-8+11i 52 7
Sol: (a+bi)(1+3)=-8+11i Sg,a—“z—, =E
a(l+3)+bi(143i))=-8+11i e ﬁm
a+3ai+bi+3bf=-8+11i q ! 11“ A ,; | -.;’-_':},f\.f“ff”

A complex number z =
number (x,y). The

18 H~‘-z!'@;: sively dcrcmmed by an ordered pair of real
, 8 and — 7i are equivalent to (2, - 5), (8, 0) and 0, - 7)

Nt agil
respectively. In this manner, a complex number z = x + Iy can be represented by the point

(X,¥) in the coordinate plane.




Hurc some complex numbers are plotted on the complex pla?f,.f \ E@ﬂ'{\ﬂ&

I“* £ }:“ Y i ol Iim Y RS (2 e
S B W)
J'l lI|I = 'I._L"| 1I'I.I3T ;\L _:'_,- L
_An ‘H” ‘C\ HU 5 e
SO e )
HU\ LY x' ' X
-5 -4 -3 -1 - -.d y . 1rn.
=3 + 3 : 344
i -
.ll f

Conjugate of a Complex Number
The conjugate of the complex number x + 1}; is defined as the complex number x — :‘y.
The complex conjugate of z is denoted by z. To get the conjugate of the complex
number z, simply change i by —i in z. For instance 3 — 8i is the conjugate of 3 + 8i. The

product of a complex number with its conjugate is a real number. S\ €6 &) \x’L \
For example, (1 +2#) (1 =2i) = (1)*~ +4 5«-* } /3
Geometrical Representation of cunlulﬂq ‘,9? r
Geometrically, the conju reﬂectmg z on the real axis.
] Hd‘“’ in J”
i3 3+3i

: x i
133 ” -3 -1 - 1!._.‘-1"

2
-3
3431
414 1y +Y
" Properties of Complex Conjugate:
For any two complex nu numbers z, and z,, we have
Property 1. z,+z, =z, +z,
=GR 1

Proof: Let z,= X, + iy}, 2 = X, + iy,, Where "H Yis X y,m_tﬁ, "\ @S
Now, Z + Z,=(X, W*MT\;WM QU A T
= {X; +J?1P1+"u{ﬂ\t\§ s |8
W&Jiy—:{y. +Y,) =Xy + Xy~ iy, — iy

=(x;—iy)) + (X, —iy2) = Z,+Z,




Example 11 T \J’/ (&
Ifz; =4 +3i,2;=5+ 2i, then PTOVEE'\%E *#%g L
Sol. z, + z, = 4+3'+5+2,_9ﬁﬁk : \\\‘T‘ Lo =
Z +Z,=9-5j ¥ ._E{}h}r"'f\'df
Z =4 - 5NN
Zo=5-2i
Z,+Z, =4-3i+5-2i
Z,+Z; =9-5j (i)

Therefore, Z, +z, = Z,+Z, (From (i) and (ii))
Property2 zz, = 7,7,
Proof: Let Z) = (x; +iy)
and Z;=(X,+iy,) where x,, y;, X5, ¥, € R -
22y = (x, +iy,) (x; + iy,) A\ (P A
. 2/, = (X%~ Yi¥a) + (%, Y, + lez) \N\Tj\ W /@iﬂg@@
Therefore: 2,2, =(x,X, - }'13’8 i(x _ikﬂ@@-_ g

=(xx, i (i)
and z,z, = [¥pT
e (‘Kl —iyy) (%3 = iya)
= (X% — ¥1¥a) = (XY, + ¥,%,) (ii)
From (i) and (ii), we get
2,2,~2,2,

Example 12
Ifz,=3 + 4i;z, =2 + 34, then prove that zé:= E:Z
Sol. Now, 2,2, = (3 + 4i) (2 + 3))
=6+9i+8i+ 127

=6+17i-12° '
=—6+17i ‘CJ*{?:"B ({J(ﬁ‘pﬂ\
2z, =617 F"\}“\jl\ L

and Z,7Z,=(3-4i)(2- 3;) f~\\f ) kf‘ll 2

- \ 0 ‘u.
6-9—-8i+1 N& \ \‘5,
syl
ﬁﬁiﬁ i R el L))

zlz =22, From (i) and (ii)

“l
u




Lty U TR e e i

Proof: Let %{F\[Mﬂf }Ij ﬂ'ﬂ ke

Z_ Xy, Xty X, 1Y,
zz X, +iy, Xty X;— 1y,
2z _ (X Xty ¥a) = i(X,Y:—¥iX,)

zz f11.+y11')
Z, (XX, +yYa) - i(X,Y2=Y,X,5) )
Z; {1214"}!:1]
O . e |
it 2 xz_’.}'z 9
B XXy + Y. )HiX Y, =YiX;) (i)
2 XI+Y3
Ala (From (i) and (ii))
: z, Z2
Skilled Practicel

(i) Take any two complex numbers and prove that z, +z, = z—] + _z_,
Sol: Let z, = (2 + 3i),z,= (4 + 5i)

Z, =2-3i, Za=4-3i

z,+2,=(2+3i)+(4+50) ~ ~6N fﬁ

=
"If’fn r\}_—?*

=2+3i+4+5i 0 AN @3
=6+8i \ R\g’\f r\\j\H

z -ipz1 Oh;‘, \
@1}+{4 5i)y=2-3i+4-5i=6-8i ___(ii)

Hence, Proved that Z Z,+2,=2,+Z, (from (i) and (ii))




(i) Take any two complex number and prove thnt Z,%; Z;: 17 ﬁ/“ﬁ@j‘ﬁ
Sol. z,z, =(2+3i)(4+50) .

A
=8+ 10i+ 12 *’?f\'( “H
—3+22£ Rqsqk\gﬂ“‘

" |

, VYS=—7+22i
Z2, =—71+4+22=-7-22i (i)
Z, =Q2-3)4-5)
=8-10i—12i+ 152
=8-22i+15(-1)
=8-15-22/=-7-22i (ii)
Hence proved that Z,Z, =%, Z, (From (i) and (ii))

z, | T
(iii) Take any two complex number and prove that = L—'] ;i' (2, 20)
1
S St L 2-3 - oo
Z, 4+5i _ &4 ‘J r’",:}\l'lr:;\ =
. . - 2 @m\ Lot
_ 2+31x4—51 ﬂ\\ﬂ - L
4+5i 4-5i %\\\m 257 4+5i
- : A= 1941842 )i
_S—IUrrﬂﬁh\ﬁ‘lﬁwo 8+10i-12i-15i" 8-2i-15(-1)
(4L (51) TT@=Gip 16-(25x(-1)
b 8+2i—15x(=1) j B8+15-2i 23-2i 23-2i
(4)*—(5i) ~ 16—(25x(-1)) 16425 4]
h 8+15+2i 23+2i 2 i A2
16425 41 41 41 | a1 a1 —"
PAVECTE IS TS 5.8
[ 22] 41 4|‘ a1 Mf___fl) Hence proved that| —— 2, | 2 (From (i)and (ii))
Example 13 _ |
Z Z
Ifz, =5 + 4i, z, = 3 + 2i, then prove that [—l]=_—L
Z,) % AN ﬂ,ﬂf&
Z; _S+4i ; \ g ﬁ"‘”ﬁfi’ic@ )\
- z, 3+2i v Lr

_(5+4i)(3-2i) 15}&6@.{1@\&/7 ‘C*(—
(3+2i) L\l \%’HT\T\H‘J N R
234 20N

= 944




7 _23+2i 23 2. ’ih%refur:, f’“"T*--J"F(;i'H :@Fﬁﬂu
iR DB o Narany &
2 IF]'__' o, Il,l'{- \I". \(.‘[\__?I_:I'_:l\l-.._ *—ZLI\/ ""E_?'ii {me (i) and (u}}
Z _.2_3_2-. Q') .T\“ \\ 0 H\-ﬁ‘\;ﬁ_ﬂ - 2 3
%) B B Property 4
ks (5-4i)@+20 st
Z, 3 (3-2i)(3+2i) Proof: Let z_=x+ iy
_15+10:‘—121'-8f=_15_2;+3 Then i =x —iy
9+4 ~ 9+4 z =x+ iy =z
3 _5-4i_(5-4n(3+2i) Hence, provedthat z =z
z, 3-2 (3-2)(3+2) . Example 14
i ' Ifz=7+ 3i, then prove that 2=72
15+10i-12i-8i* 15-2i+8 Sol. 2=7+3i
% Then Z=7-3i
F (9 Z =7+ 3=l
:L...ZS_H..E_ 2 Soly 2 . ,_ﬁrx.\]l"ﬁ }ﬁ;ﬁJ L
13 A

Just as ﬂ‘w valie' of a real number measures its /m4
distance from igin on the real number line, the modulus of

a complex number measures the distance from the origin in the
complex plane.

Definition
If z = x + iy, then the modulus of z is denoted by |z| and defined

as|z|= xi+y’
For example, (i) | i [=]0 + 1i] = {J0*+1* =]
(i) |3 = Sl = J(3)*+ (57 =\/0+25=134
Properties of Modulus of a Complex Number
Property 1
|z1=IZ] 2\ RN
Proof: Letz=x + iy
Then |z| = Jx*+y? 0
Now Z =x—1iy ﬂan\uﬁ'ﬂ AN i
|Z tjﬁnﬁ#ﬁ‘v’y sJery G
From (i) and (ii), we get
| Z|=|z]




o
Example 15 Property 3: 22 = 7> | (C(OLV

If z=5 + 4i, show that [z =1zl | B GO LG
Sol. z=5 +4i r ,\\ \\ 5\ xff sk = e !
B+ @E. o QNS 5 2 =2ty
b rfﬁff\“‘ WVBEE (o 27 = i+ et
= 253 (i) = (x)*- ()
Now 7 =5 —4i = 2~ ()
1Z] = J(5)+(4) gt TR
_ J25+16=Va1 (i = ¥ +yr=lgf as|zl=yx" +)’
From (i) and (ii), we get Hence,zZ =|z?
lz|=1Z]| Example 16 if z=5 + 3i, show that zZ =| z ]
Property 2: |zi=|-z=| z |=|-Z | Solution:  z=5+3i
Proof: Letz=x+ iy 2 =5-3i§
Then | = x*+y* | 2 i{l & 3\3@5@{&9&
0\ 2
F =Fx-0  q Wz f\luﬂ\‘\ 5)-(97)

J( ~x) N‘W \WU =25-(-9)

=25+9=134 (i)
(i)
= I 2| = (5’ +@3)
2 =x-yi= z =x+yi

1
1z = Nx 4yt (i) i = [ 57 +07 |

IL;,

Here Z =x-iy asz=x+iy =25+9=34 (ii)
7= —x+tiy Weget,zZ =|z [
- From (i) and (ii
21 = Je + O gl
= yx' +)° (iv)
From (i), (ii), (iii) and (iv), we have S
= -1 == e
el 2\ COBE

1. Find the modulus ?{dﬁ\@!ﬂlﬂhﬂ nmplax numbers:
a+3 (i) —5—4i
Sol [4+3i]= {4} +(3)! =16 +9 =/25=5 Sol. |-5—4i|=/(=5) +(—4)* =25+16 =41




(i) —--I

so. [{-31- JU m,ﬂ

(v) —2-3i \g\f\'ﬁ %

Sol. | —v2 —3i |=J -J-) =2+3=4/5
2. Wzy4=2+17i and zz = 4 - 3i, then verify that:
@) ntz,=2+z, (i) 22,722,
Sol. LH.S Sol. LH.S
zitz =2 +7)+ (@ -3i) 212 =(2+71) (4-3i)
=2+7i+4-3; =2{4—3E)+71‘{4—3n‘
= =2 - ! ;
= : =861+ 28/ -21/2
=2+4+7i-3i =8 — 6i +28i —21(-1)
=6+4i =8-6i+28i+ m
z+2z, =6+4i=6-4i A‘;\};ﬁg«
RH.S {2 @P\\R
2 =2+7i 0 ”‘E\}Ug@ 29+22i =29-22i
% =2-7 g AW RH.S
g% IN}NK” 5 2+7i
z, =4 PNV 5= J
by % =2-7i
Z, =4+3i 3
7 43, =Q-T)+(#+3)) e e
=" _ i : FE
=2 Ti+4+3i 27 =2 7T0) (443D
= gk =8+ 6i - 28i— 212
=6-4i S 4 =8 + 6i — 28i - 21(-1)
Hence, verified that zZ+z,=z+z, =8 +6i-28i+21
=8+ 21 + 6i— 28i
=29-22i .
Hence, verified that z,z, =z, z,
ﬁ :i L “-. =] 'H“I"::{rﬁll
o ) anENeo”

Sol. LH.S & Q(‘\\Y |
%4 _2+7 2+IP. \E:S%\} U
z, 4 31 3} |\
‘r +?1(4+3:j 84 6i+28i+21i°
(4 - (3i)? T 16=(9%-1)




N “EEEEEEAEEEEE ARERE RASETEE

8+ 6i +28i+21(-1)
s, MES o0 s |
8+ 6i +28i — Q\ Qo
ki wﬁ flmﬂ\ \\‘\\
8+6 &
= :
7 4+3 :
- 3_2“6“23* 2-7i 4=3i  2A4-3)-Ti(4=3)
e “4+3 4-3 . @-Q0
= 43;5341 _8-6i-28i+21¢ _ 8-6i-28i+21°
: 16—9 16-(9%-1)
= %+% 8-6i—28i+2l’ 8-6i-28i+21(1)
oo 6—(9%~-1) 16+9
(i}= R PR B s o _8-6i- 23: 21 8-21-6i—28i
z 25 W 25 A5 1y
: r\m@@\ﬁl
@ g\uf"“ 25 25
WJ‘\{Q Hence, verified that 2, ) 2
3. nz=5-2t.thqnv&rllv
(i) z=z i) 1z|=1Z|
Sol. z=5-2 Sol. z=5-2i
z=5+2i Z=5+2i
=5_2;

Hence, verified that z = z

(iii) |z|=]-z]|
Sol. z=5-2i
—Zz=-5+2i

121 =B+ @) =V25+4=V35_ ()

1Z] = (5 +(2)* =v25+4=29 i)
Hence, verified that | z | = | Z| (from (i) and (ii))

MJ

(@)

\ﬂx

o I\
|21 =15 ~2i| =y(5) H@L\T*f%\ SN
-2l = -5’ JR \Jm\rnﬁ\ e

J25+4_ 29 - )

Hence, verified that | z | = | =z | (from (i) and (ii))




e = rmrf—]t'gq-ﬁ@f.’u \
(‘r} ’_],1* N EAC—""
(iv) zZ=|z| 3 ?\\S&ﬁ\\ ﬁ&*‘i;@
s \a@ﬁ 2T MO
S 7= =—5-2i
z; =(5-20(5+ 2: \ \‘a ﬁj\J =5 "‘22;)
=X WJT Wt |z|=|5-2i :
-25 = ;(5}1 +(2)
o VBTN )
=25+4 '
=290 el ) == |=5=2i]
|z|=15=2i] =/(5)" +(2)° :J(-S)z +(:{2ll (D)
_.”-‘ =4/29 =4J254+4 =429 ,
3 25+j J_ from (i) and (ii) verified
2= J2_9) Hence, i
o ( (i) that |Z|=|-Z| )
e e =fz MO
Hence,from (i) and (ii) verified that z 7 / ZA
' =] \A
! Calbihain i o lzlﬂf}? (%ﬂ\-—qﬁw 2 4(-3)} =/16+9=25
Sol. Giventhatz=4-3; @“ S\B‘U’\\
z=—(4- 30——-”1% s
=y -Z| =5 (iif)
-Z = 4+3j=-4-3i And 5= 4%
-7 =-4-3i Z=4+3i
=4~ Z=4+3
III-HJ o J16+9=125 Z=4-3
- 4)‘1 4-(3)2 =y16+9= z_: =
:;:=5{ (i) |Z|= {J(4) +(~ ?}2_
[zl =4+ 3i 1 |Z| = 'JHST
2l = () +(3)’=J1{2;9—Jﬁ 50 s
RS chcc from (i). (ii). f@and (iv)
T2 venficd that {; Fl_lz ﬂfbﬁ [
|-Z| =4 -3 = j\\(\ N/ y
5. If 2= 2+3:z,-—1+f. 3 AL gtk
(i) Re(z,z,) WS\’\ E” =20 3 =Y =8 ]
Sol.

ZI?\%{Z + 4—?“15) +3i(-1+1)

=-2+2i-3i +32
=-2+2i-3i +3(-1)

=B 18"
So Re(z)z,)=-5




(i) Im(z,z,) 2t zmﬂuwsi-l)
Sol. 2 =Q+3I)C1+) <,ﬁﬂﬁﬁ*17¢ 3%2i-
=2(-1+i)+ 31+ :} INCALS e =S
=-2+2i- 3?*'{'”\31? VS PO " So Im(z;z)) =~ 1

Finding Real amr.r ||n‘.sg||nar*,r Parts of Complex Number of (x + «y)" and

,where x? + jy2=0andn = +1andn = +2

(x+iy)*whenn=%1
Let z = (x + iy)" be a complex number.
(i) Forn=1
We have z= (x + iy)'
=Xty
Re(z) =x,Im(z)=y
(ii) Forn=-1

We have z = (x + iy)"! - deh r’-’:""_iﬁ_lq-ﬁ";ﬁ
— l X= fy = == ¢y '| '| A | I;I- II"_II“:: W I| ':f__':-f;.__llk'.-‘-.'“:."\hg
X +iy (K+I}’)()tﬂ-ry]f__-,x. .;.'- I 1.""-'-"_'.#_. By
X’ '."".Ila II.- '|. ". ". M

o R(E) z_l_hhlﬁq@?\l Ty

Skilled Practicel -
Find real and imaginary partsof (x +iy)"forn=+2
Sol. = (x + iy)?
=x*+ 2xyi + (yiy’
=x*+ 2xyi + (y* x -1)
=x?+ 2xyi — y?
=X y* 4+ 2xVi
So Real part = x* — y? and Imaginary part = 2xy
Now (x + yi)2

Fa r
= 1 l"_:."'.'_."n
= 4 ] T ': ‘... WA .I'..I'l Wy

N X + yr = > p—TN I' I|"-z-_'(..-‘ lll'. A .Iv_.!__-:_:.lll..l nr

o Dl atANN (e o=
- | —d P 1 A T 1 T T e SO A

( 1 2 '||1'- ...a—';l. I I".,ll'. L Tt L W LA
= ik “-"_‘I R A '|"'._ \'f-__.:' W

(x+yi x- ﬁ)“hu,uﬁﬁﬂ =

o .&‘| A A=

(N ol S

_[ V™ =( x—yi J _ (x-y)
;) N2 T . 2
(%) =(¥7) X"ty (x'+y2)




- x* = 2xyi+yi* _ x —ny: (x =¥ ) 2xyi *—“\J{ﬁf:h\ ,‘aﬁﬁ

Eorl @) o TR
Xty 271}{\7( \\” v[n)

s +WW

So,Rea = _
R i)

Example 17; Find real and ima_ginar_v ,parts of (4 + 3i)™,
Sol.  Let z=(4+ 3iy"

imaginary part m

Ty
~ (4+3)
oo J4=31) 4-3i
(4+3i)(4-3i) ~ 16-9 .
_4-3i _4- 3:__14___:_5_ S\ O

. ral @S
16+9 B zs_{ a8 é\@\\g\b 2

.. Re(z) "E » Im(z) =—2= if,{ \
Example 18: Flnd h plrts of z=(4+3iyL.
Sol. z=(4 +3¢

ek
(4+3i)°
- ! i
(4) +(3i) +24)3)) 16-9+24i
) (PUSIRIES 2t )
7+24i  (7+24i)(7-24i)
_ 7-24i  7-24i
49-576i* 49-576(-1) -
7-24i 7—24i o Y U:J’Q}n AR
< i r — \j||| 0\
49+576 625 e, ,:_a\m K:L\\E\J €
=___]T FHH \I\ '.I_" \II".Illld-II J}\;\—"‘J S
625 625 - .\ \WL -
7 - |'\J|\\JMC e




Do you know? — s G0
T Z B L Fe ;ﬁ»d l L_-':;:J g~
i ﬂ;. \ -,“__{_ - x'.,n'., '\.I-JI A0 b
2=—7 i "\"L \\ "n, "-,II LI
Im (Z) = —_— | a B
Q[ | RN
: 4+3iY"
Example 19: Find real and imaginary parts of z = AT :
i
Sol - ( 4+3i )‘t
i 3+2i
_3+2i _(3+2i)(4-3)
4+3i (4+3i)(4-3i)
C12-9i+8i-6i" _12-9i+8i—6(=1) _12-i+6
16-9i* 16-9(-1) 16+9
= I- 8 -j e E >3 l . 3 I”":._:_‘ T_Ilki:l,\!.ll:'_-.;:&:\l\ﬁ
25 25 25 —I:-Illll." . 1'. ‘:\:‘Jlll‘\\' .( .ﬁjf_\[u‘:?h
1 \ f,ﬁ" : A \? |

_18 R\
. Re(@) =5»Im(2)= 3\“ SN QNG
\" ' bt i\
Example 20: ﬂpﬁ‘&ﬁ\ “ﬁn|d imaglnary parts of z= [E..’.) -
=)
Sol. zZ*=
1-i
{u) =[uxL]‘= t—i—i+ )
1+i 1+i 1-i =5
-2 N g
(5

=—1+0i
.~ Re(z) =-1,Im(z)=0

I
—

1.6 Salution of Simultaneous Linear Equations with Lomp

lex Coethicients
More than one equation which arg 1o he mgﬁd hy the )

b d By the)same values of the variables
involved are called simultanegus-equations. uﬁ‘ajyst:m of cquatlﬂns

Example 21: Solve the %w l‘q}\hﬁultahebuslmtarequatmns with complex coefficients for z
and w: \fp W,

iy
“’dh}w =T =i
(2-Nz+2iw=4-




Sol. 5z-(3+NDw=T7-i (i) ok ,ﬂm\g (i
@-i)z+2iw=4 i ¢ ﬂ;:\ } 2465
Step 1 From equation (1)  We sutw: rw‘?'h tern\#{zf\zi Shl

5sz-(3+Hw= ?-ﬁi i‘\“‘a"‘

(3+: sﬁ#.ﬁz‘-—t“?ﬁ*f*:
M\J\ru' Sz—T7+i

w= —3—47 (111)
Step I Put the expression of w in equation (ii)
(2_;)2-&217[52_—?:&1):
3+i

-N@B+Nz+10iz-14i+ 2P =4(3 +i)
(6+2i-3i—-2)z+ 10iz-14i +22=12 + 4i
(6-i+1)z+10iz—14i-2=12+4i
(7=0Nz+10iz-14i-2=12+4i

Tz—-iz+10iz-14i-2=12+4i L AR
Tz+9iz=12+4i+ 14i +2 i [“;%'% \H-ig&m
7z+9iz= 14+ 18i Itj“\J ﬁj

2(7+90) = 2(7:3335 ﬂhmﬁ\ Bie

Step ITI Put z =2 in (iii), we get
_H2)=-T+i 10=7+i
348 3+i
:ﬂ_l e e
w 34 w=1

Hence,z=2, w=1

S{}]Vn‘;d EHLl‘CiSL 1.4

Q.1: Find the real and imaginary parts ni the following aumplax b,g@un 0\
\e

R m: - "::\J f" o,
s DIy
) (3) -2 (8) (3 + (3;sz15 \ 3 H\,‘bn A
—48i +(9%_.W | A

- 64 o SB8IL S5 48
- Real part = 55, imaginary part = 48




(if) fs +3"

Sol. (5 + 3/
it I —~ I,I"\,ll — _,_x_:l' 1:'\ i .-"‘
(5+3I‘) N T\\\JKE‘L_UI\F_\
1 Mﬂj\_} r_;"u iy
=--—------'5~-.¥':| i S
5+3i 5-3i
W 1) 5-3i
(5) (@) = " 25-97
. 5-=3 5.3
25-(9x-1) 2549
i R
34 34 34
ST it e PO
.. Real part Ve maginary part V)
(iii) (4-50"
Sol. (4—50“

1
R 51U1+Sr (4) (51)
RE o 4+5i
T 16-(25%-1) " 16+25
4+5i 4 Si

—_e— T —

4
.. Real , Imaginary

(iv) (430
Sol. (4-3iy2

i = 4
-\4-35)

5] (A3

a_,fw
ZES ﬁ{‘iﬁb‘_g#% |

T e ﬁxm\i

Wa=3t 4% 3:] %QWN

r

klﬁ‘(g"‘l)'

{;:3;)’ =[4;53i]:
a (4)' +2(4)(31)+(31)’
(25)

=16+24;'+9r’
625
_16+24i+(9%x~1)

\ 5ﬁ2§t}5\ 2\ G2 offt

'? +24i
625 625 625

7 24
.. Real part=——_, Imaginary part=—__

625 625

342"
) 4+ 3i

. (3+2i)"_(4+3f]“
" 4+3i 3+2i)

=4+3f’<3—21'
3+2i 3-2i
_4(3-2i)+3i(3-2i)

DA
*JZ”GE?"'J?

-rs‘l' "l\k"-.} n\\\_! T b*l_,u'il

12 - 8i +9i — 6i°
T 9—(4x-1)
_12-8i+9i-6(=1)
1 9+4




12-8i+9i+6 6 Ly
s g 18 EF Slokginaty part =25
Al e L \ ,
_I8+E_18 & on | VIO g2 ¥ °
13 13 13 \i\jbﬁ RN g4 f——l 7 f)
Real _‘\ig._ﬂ\t“hl . < 1-2iY
part <[ \maginary part =73 | _ ( - .:]
___j\l-i 1+
e r , : 32
(vi) 24 E; l-—Zixl;l)
R bl T S ARy
2= _fei oo 1t :
Sol. | 557 [Z_J . 1(1-:)-2{(1-:)]
2 a2
(2+i 2+£]Jl =0
= e W s 2
RZ—:' 2+1i
2
_’z(2+i)+f(z+f)J
=1 2 L
L (2)-0)
_f4+2£+2i+f’
5\
_[(Aapaii
\
_(4-1+2i+2i
\ 2x2
_[3+4i _ —1(-1-3i)-3i(-1-3i)
S i 4
_(3)" +2(3)(4i)+(4i)’ _143i+3i+97
P 25 4
9+ 24 + 16 __I+6:'+(9x—~1)=1+65-9
25 . N
A (@ORNY
_9+24i+(16x-1) 4 DanEes @(ﬂ)t
RPN A
_9+24i-16 7 \E‘Eﬁ\whu SR
e o 2
AT ;
== e +Ei .. Real part =-2, Imaginary part =—
25 25 25 -




_@.2:Solve the following simultaneous

€O

linear equations with complex S 0 \Zw :‘* M
coefficients for w and z: _ﬁ\i V4 &) "(t‘.ja.} g(ﬁ ,)_,{z ~i)
() 3z+Q+Hw=11-7 %R\\ma\w LS. o
@z —w=-1+i o \\ NI
Sol. 32+ (24 =i (i _16-8i-2i+4*
@-DzYw=—1+i (ii) e
From (i) solve for w in term of z :
3Z+Q2+Hw=11-i =16‘10'+("1) sl
Q+)w=11-i-3z 4+1 5
_11-i-3z _15-10i
_ZTI'- L4 5T 5
H-i=3z _5(3~2)
Put the value of W=—+—— fiom e
. 2+1i 5
(iiii) into (ii) =3
11-i-3z . Hence,z=1,w=3-2i
(2-192~T-—1 i (i) 2z+@+idw @@C‘&
(2+i)(2-1)z '(ll i 32'J=_ +i @@M@‘\Jw 9~ ()
2+i Q "\W@X\: —iz—iw=-] +j (i)
4 1 1“.\ 3 From (ii) solve for z in terms of w
[(4) ~0) L piieinss
2 —iz==1+ i+ iw
(_45_(1?); 11£1r+3 g
- L= Z || i
=2_j+2i+p _l-i-tw
@+1)z-11+i+3z /
=-2+i+(-1) z=l-f—r'wx£
S5z-11+i+3z=-3+i i i
Sz+3z+i-i=-3+11 i-P=i*w
8z=18 < l-l
8
z=_
8
z=1 __ ({iv)
From (iv) put z = 1 into (iii) zZ=
_11-i-3(1) A0 N\ §
.2“ of\ «f““”\{‘ if ﬂ\éﬁytxz=-+f—lﬁwm(l]
11 == 3 r T\ﬁjﬁj‘k&""ju 22+(3+I')w=9'*l
2+i =1 \.wﬁiﬁljm’ 2(-i=1-wW)+3w+wi=9~
_ 8-i NN WS 2i-2-2wH+3w+wi=9—
T2+ 2ititw+wi=9+2




—i+twt+wi=11
wt+wi—i=11
w+wi=11+i
w{l+)=11+i
1144

I+i
C1-1li+i-i
(1) -7
11-10i-(-1)
1-(-1)

_11+1-10i

141
12—101

w:

W_E(ﬁ Sr)
w=6- 5:
Put w= 6—
z=—i-1-w
== j—1—(6-5i)
z=-i—1-6+5i
z=-T i+ 5i
z=-7+4i
Hence,z=-7 +4i,w=6-5i
z—4w=3i
2z+3w=11-5/
- 4w =3j AL )
2z+3w=11-5i (i)
From (i) solve for w in terms of z
z—4w=3i
4w = 3|z
qw=-3i+z
—3i+z

e

*‘“JmQ

(i)

Sol.

—

\m@

"'\-\.\

\i¥ 1’\
e

tw-—-u_31+ c} @)@@

J=11—5i

4(2,.)+ 3(-31'+z)

3;‘-+ z

=11-5i

82— 9i+3z=4(11-15i)
82-9i+32=44-20i

1z=44-20i + 9
1l1z=44-11i
44—11i

11
11(4—-:)

11

z= 4-—:

Putz 4—-1ji

7=

@W\

1*4

w_

A .(-f+l)
A

i+ 1

Hence,z=4 —i, W

| (iv) z+w=23i

2z+3w=2
z+w=3i (i)
2z+3w=12 (ii)

From (i) Solve for w in terms of z
z+wW= SE

w=3i-
@@@u

put w= 3:
32 2

A
m(' 22—33 2-9i

—z=2-9j
z=-2+9j
putz =-2 + 9 in (iii)

=1

Sol.

{:ii‘}




w=3i—(-2+9i)
w=3/+2-9j
w=2+3i-9j
w=2-06i
Hence, z=—-2 + 9i,
) z=+(3+nw"i‘
2Z2—-(1-Hw= 2
22+ @B +Dw=1 (i)
-z=(1-Hw=2 __ (i)
From (ii) solve z in terms of w
—2Z2—(1-NHNw=2
Zz=2+(1-NHw
z=-2-(1-Nw
z=-2-w+wi __(iii)
Put z=-2 —w + wi in (i)
2z+(3+Hw=1
2(2-wH+wi)+3w+wi=1
42w+ 2wi+3w+wi=1
—2w+3w+2w;+wrr
wWH3Iwi=

’f{]'ﬁl?ﬂ;\@ *\ \

Sol.

-

A
w (1 +§\WI\J( \'l\ \E’\

1+3:
5

_—e—

1-34
1+3i 1-3i
5=15i

1.

answer:

() P+ié=
(@) -1

(ii) Real part af\\EmL\a\‘)(z +30) is:
(@ -3 (b) 1

.,-rlII

S{JIVt,d Rewew E}Lermse 1

Four pusslbla answers are given for the iuqu
I'l\l \ ,-rr‘ 'I.Il: H'-. ._El '|

\I".\H "\L"'.\' ""'L'n

—4~1+3+3i+f
2 2
-2 4
Z=—+—
22
z=-1+2i

1
Hence, z=-1 + 2i, W‘:E——f

2

o Huﬁp\
ﬂiﬂﬁdlﬁ bhﬂo\rsa the correct

(c) 1 (d)2

()4 (d) 13




— R T e LR . " i
(iif) Imaginary partof (2 -§) (2 + i) is:
(a) 0 “(b) 1

(iv) x+ iy will be pure imagi nu

(a) y=0 (b)K'{MK{\’S\ 1 (dx=0,y=0
(v) What is addltw

(@) 5+2i XL] o5 () 5—2i (d) =5 + 2
(vi) What is mulnplmatwe inverse of z=1+{? 3

\is :
(a) 1=i (b) i (© 3 ———r (d) —-\TE+ ﬁ:
(vii)Ifz=4 — 3i, then zz = '
(a) 3 (b)9 (c) 16 (d) 25
(viii) Conjugate of 9 — 4i is:
(a) 9-4i (b) 9+ 4i (€) 9+ 9i (d) 4 —9i
(ix) If z=4 + 4i, then I+Z =
@) 8 (b) 8 + 8i (c) 8 < (@0
(x) Ifz=S5+4i, then |z| =
(@) 9 (b) 25 (@4l D m&@)@@

g

O 0 ) 13 (i r\% és;\}) T

o) ~—=i (il Nﬁ}.&u\ ) 8 ﬂ

iy < ¥i 1X

et m G )

2. (i) Is "0" a complex number? Explain.

Ans.Yes, every real number is a complex number with an imaginary part of zero. It can
be written as 0 + 01

(i) What is the result of multiplying a complex number by its conjugate?

Ans.The result is always a non-negative real number.

(iii) State the condition for two complex numbers to be equal.

Ans.Two complex numbers are equal if and only if their real numbers are equal and their

imaginary parts are also equal.

3. Simplify:
@i # (i) 3 x "
Sol. ,‘I? = 36 j= (;‘2}15 (_]}IEJ*= bi=i Sol. Il!- =% f“ I3+II = 4 = (j' }IE lfjll:i
(iii) (=)~
(= YS\E\(@ G@]ﬁ
oo -(-f)g (= lx:) [3 )x \\;ﬁ ’\
1 AT r\ 1
l\qm{\)}jﬁx\ih “’*F )'xi . —1xkxi —lx: _—:‘
Lx1=_ o

—i i = == 1




(iv) (3-4i) (5= 61)

Sol. (3 —41) (5 - 6i)
= 3(5 — 6/) —4i(5 - 6i)
=15 - 18i—20i + 24 C

=15-24-38i
=_9_ 38*\1'@@5

4. Find additive and multiplicative inverse of z =8 + 9i.

Sol: Given that z=8 + 9;
Additive Inverse

Multiplicative Inverse =2

%@”\% =

{v} (3+4i} f5'= Tf) @@
e

3+4i S5+7i 3(S+TH+4IS+TH
B TR T T TR T
_15+21i+20i+28° 15+41i+28(-1)
T 25-(49x~1) = 25+49
_15-28+41i _~13+41i 13 4l
S T s M

=B+ =—8—9i

L 1

_——

R+9i

64— (81x—1)
_3-9i _ 8 9

T64+81 145 145 145

5. Mz =3+4iand z, =2+ 3i, then verify that

B z tz, =zt

Sol: z, =3 +4i
Z =3-4i
Za=2+31
Z, =2~3
L.H.S ' A RHS
Zitz =(3+4DH+(2+30) Z,+Z, =@-4)+(2-30)
=3+4i+2+3i =3-4i+2-3i
=34+2+4i+3i=5+7i =3+ 2 AR =5-7i
z+tz, =5+7i=5-7i =5+7

(i) z,z, =E:;:

Sol: z,=3+4i
Z, =3-4i
Zy=2+3
zZ, =2-3i




LHS
z1zp =(3+40)(2+3))
=3(2+ 3i) +4i (2.4 31)

R. H s @I

s N e

=6+9:+B:+f \&{@ % =6-9i—8i+ 1212
= =6-17i+ 12(-1)
- (}Fﬂf}gﬂc =6— 121—+I 7f{
=—6+17 =—6-17i

2?1 = 6+17i =-6

z
{Iii}( ] -;’:

SOLZ[ 3+4f 22—21"3f
Z, =3-4i,2,=2-3i
L.H.S

z, 3I+4i

Zio R4
e S O i
243 2-3i
 3(2-3i)+4i(2-30)

2y -Gy’ {\& AN

il %*rﬁﬁﬁe?r
4-(Ox(-1))
_6-i+12
A6 A9

- 17i

6—i—(12x(~1))

z) "B B s

) [al=[=]
Sol.z,= 3+4i
z_—3 4i
~7, =3 —4i)=-3 +4i

LHS = |z

*I3+41t—dﬁﬁ§sﬁ

Hence, verified that z,z, = ZZ,

R.H.S
Z 3—4i
Ez =2 3.!
3-4i E\‘)\f\m
W&@@@ﬂ) — 4i(2 + 3i)
~(3i)°
6+9i—8i~12
T 4-(9x(-D)
6+i-12(=1)  6+i+12
T 4-(-9) 449
L 1844 18
BB
[z,\l _Z
Hence, verified that ZIJ-%

=

\ rFﬁr}Lﬁﬁ"

l.

l;x"l.)

S
\ﬁ%i}s

RHS=|-3Z| _}HESJLM_J( 3P +(4)? =40+16=+25=5

Hence, v erified that |2)| = | Z,|




. S il R e L
= 0 ‘l.},b
(v) zZ:=12, Mkcs m@ )\h
Sol. 2z, =2+ 3 \EQQS\\J
Z, =2+3i= %\}‘ﬂ\) =)
et
Hence, proved that z: =z,
i) 2,7, =|z,[
Sol. z,=3 +4i
2 =358 =34
LHS R.H.S
a4 :g;fﬂg;"’j | =B3+4il = J(3) + (@)
=9-167 =J9+16=+25=5
=9-(16 % (1)) = (5 =25
=9+16=25 Hence, verified thatz.z m
6. Ifzy = 5+ 4i, 2= 3 + 2, then find Q c_w(
() 22 5&@@
Sol. Z]=5+4.I",21=3+21'
ziz;=(5+4i) (3 +3J) ﬂl +4.r 7 =3+2i
j5{3+%W %, _S5+4i  S+4i 3-2i
BB 2 A+2i 3l
=15+22i-8 _3G-2)+4i(3-2) 15-10i+12i-8/
=7+ 22i (3)" - (2i)’ 9—(4(-1)
_1542i-8(-1) 15+2i+8
2 T NSRS 9+4
_23+2i 23 2i
=y RN E
(iii) z,z, (iv) |24z,
Sol. Zl'—'5+‘” Z;-3+2l Sﬂl.l_’.|=5+41 =3+2i
% =5-4i,7,=3-3 212y '{5“'7(3”'{”%
zz, =(05-40(3-2) /X\ J:&m?qgﬁgp
=5(3 - 204:(3 ) * Vil @ 22i + 8(-1)
—15-10; 12i 5 f‘w =15+22i-8
215 __ \S\E\ =7+22i
—_—; ! izl =17+22i|= (7) +(2f
= 7-22; = \J49+484 = /533




7. Find real ud imaginary parts of z= (2 + 7i)"! ~[12) lﬁ{@'ﬁim
Sol.z=(2 + 7]'] e ,I\\’\ i‘\ﬂxzj ||'IJ AL
L ‘_1_ S \Jr{;f' L:[‘_n_ LA L
2471 TN '\j\i*ﬁ'“’
Wﬁ;{w A
Ty
2= 2= . 2=

T (2%=(7i)} 4-49° 4-(49x-1)
2 W _2=n" 3 9

T 4+49 S3 53 53

2 7
so, real part = 53 , imaginary = e

8. Solve tire given simuitancous linear equations with complex coefficients for z
and w:

i+ Q-Dw=4+i
Z+@+Hw=3+3i . J@O}r\m
Sol.iz+(2Q-i)w=4+i \(\3\\& }
iZz+(3+Dw=3+3i _va 6
subtract (i) From (ii) |
}f+(3 :

g2+ \3"1=ﬂ:|:.':

[G+D-Q-DIw=-1+2i
BG+i-2+)w =-1+2i
(1+20w =-1+2i

~1+2i
)
1420 1=20 —10=20)+2(1-20)
WE Rl | -
—1+2i+2i-4° -1+4i—4(=1)
N T T T 1+4 ,J[rﬁi“”ﬁl

~1+4i+4 3+4h ,_1 Ki\'\ f(fx
= L 1

YO
- w=3m§§“ e
GRS

e
put w= 5% into (i)




_ T n e o
iz+(2- )[5 :] =4+ ﬁ’“‘f\.\‘ \ua@@)h

: :‘z+2[3 -'ﬁt[l%%% ‘:\

IZ+ + __I_"_'l =4+
o 4 8 3 ;
mal-d 4 (_-_]- 2
MRG0
rz+2+£+[§-)i
5 &
10

iz =4-2+i-i=2 = iz=2
2 SN
i A ”\l]d €O
e Y\S\Y;\E\
s

se 3 4
50,2=-2I, W= T+
9. Solve (3 -4i)(a+ bi)=1+ 0i and find the values of a and b.
Sol. 3-4i)(a+bi)=1+0i
3(a+bi)4di(a+bi) =1+0i
3a+3bi—4ai—4bi? =1+0i
3a+3bi—-4ai—-4b(-1) =1+0i
3a+4b+3bi—4ai =1+0i
(3a+4b)+(3b—4a)i =1+0i
By compairing real parts with real parts and imaginary parts with i ;magmggr ts of
both sides. \ @@ Q\jﬁ
Jatdb=1___ (i) -4a+3¢ 07\ xrgi)\?J/C
Multiply (i) by 4 and (ii) by 3 /(7
12a+ 16b=4 _ (ii le
Add (iii) and (iv) AT
12% + %@\N]
-123 +9b=0

+25b=4

(W)




=N 200 '?\FL
b = —4-' 7 P Ti\lr] @a&. Q}K
4 e Y
Putb = = in (i) R LY
25 r_‘;;r_\,a.-ﬂ = \ "I,\\-I'LJ\'J
a4 i SO
a+ s
NN R
25
25x13+25xE =25x]
25 -
75a+16 =25
758 =25-16=9
3_9. i
T
3
a =57
25 " ?\PL
3 4 r? fa\ @0 V

=i E
s0,a=~%,b= 35 C’
10. Solve the equation furx@m -2(1 zmﬂi-—
Sol. B-2)(x+yi)=2

Bkwm yic =2x- 43,n+21—1
3x—2y9(=1)-2xi+3yi =2x-1-4dyi+2i

3x+2y+(-2x+3y)i  =(2x— 1)+ (~4y +2)i
By comparing real parts with real parts and imaginary parts with imaginary parts of both sides
Ix+2y=2x-1 s =2X+3y=—4y+2
Ix-2x+2y=-1 , —2Xx+3y+4y=2
x+2y=—1__ (@) , -x+7y=2. ()
Multiply (i) by 2
2x +4y=-2 (iii)
Add (ii) and (iii)
24 +Ty=2

Aoty x
Y A ﬂwj\h\f*
Puty =0 in (i) K\ \}
x+2(0) =y AN U
il

So, x=~1,y=0




Q
1.

2,

3.

10.

11.

12.

13.

14.

15.

Multipie € Choice ’Jueﬂmn; prepured in the light of new 2w Examination T{(hmque,
(Knowledge, Understanding, Application, Analytical & Conceptual)

1.1 Complex Numbers

Encircle the correct option.
x*+ 1 = 0 has real solution.

(a) one (b) two (c) no (d) three

@ V=1 (b) %l (c) 0i )

= .

(a) i () 1 (c) -1 (d) —i

f"lﬁ = 4 \ “;"-'-."'.-‘;\. ﬁ-".x".,
(@) i (b) —i (c) L, AR ]",“:Id‘)t* S b
The imaginary unit is representeq/bg, Q) A -;ﬁ -. 'Hx‘l_‘l ,l e

(a) o ®) inn 78 \Ei WY TE @) e

The idea of complex nurﬁﬁ& ﬁﬁht
(a) 15M cenmr}r ~ *@lll G\ tur}* (c) l?“‘ century (d) 18% century

Reetangular Form of a Complex Number
Which of the following is a complex number?

(a) 7 (b) 7 (¢) x +yi (d) x*-1
The real part of — 3 + dyi is:

(a) 4 (b) y (c) i (d) -3
h=___

(a) | (b) (c) ~1 (d) 4
If y = 0, the complex number is said to be:

(a) real (b) imaginary (c) even (d) prime
The imaginary part of (5x — 7i) is

(a) 5 (b) =7 (c) x (d) i
The real part of (8 + 27) — (4 — 3i) is:

(a) 8 (b) 4 (c) 2; IdJ ¢,._w
The imaginary part of (7 — 4/) is: ® (b A ‘:: \ II. (

(@) 2 ®) 16 s Y Yo

E;f [f ' fGainplex Numbers
ll'x+y:—5 Q;thﬁ ol
(a) 9 NN (55 -9 (€) x+5 (d) yi
If2a+(b-1)i=10+4ithena=
(@) 5 (b) 10 (c) 2a+ 10 (d) 2a-10




16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26,

27.

28.

29,

31.

If (3x + 2) + 4i = 14 — yi then x and y will be:
(@)x=4,y=3 (b) x=-4,y=4 ‘,_(c q “.(
If-5x +yi=-10 then y = o mﬁﬂ ?{I—E\J

uxngi (@) -2

@) 10 @J'\

Ifz=3+5;

(a) 9+ 15i (b) 6+ 8i (c) 3-5i (d) 9+ 25:2
Ifz=x +yi then -5z =

(a) 5z=-5x+yi (b) -5x-S5yi (c) x— Syi (d) 5x + Syi
By adding (4 + 5/) and (-6 + 7i), we get:

(a) 6+ 12i (b) =10+ 12 (c) 10+ 12 (d) -2+ 12i
4-3N-@2-5i)=

(a) 2+2i (b) 2-3i (c) 6-Si (d) =2-2i
(5+2)+@-7hH= _

(a) 2-5i (b) 15-9i (c) 8 -5i ' {d) 8+9%
@+n@-n= RO

(a) 20 (b) 17 ;\J \ @
1+i i\’kj\ \
17 in the form of a fjfi(«\ \\j\tb

' (€) -1 (d) i

(@) 1 +i :
Properties of Complex Numbers

The complex numbers has the clouser property and:

(a) Division (b) Subtraction

(¢) Only addition (d) Addition and multiplication

Which is the associative property of complex numbers?

(@) 2)(z73) = (2122)25 (b) 2 +2; =2 + 2,

(c)z+0=2z (d)z-z=0

Which is the additive identity of complex numbers?

(@ (1, 1) (b) (0, 0:) (c) (1,00) (d) (1,9

The multiplicative identity of complex numbers is;

(a) (1+0i) (b) (0, 07) (¢) (1, 1) (d) (4,0~

The additive inverse of (7 - 21) is: S E® S

@) (-2 + 7)) (b) (-7, -2;) o %\-ﬁ) e df 27 + 2)
. If z and w are multiplicati é‘&l eﬁ‘zw =

(@) 0 f\ “\ \"?‘u OF, (d) —i

For any two ¢ z, and z,:

\W NS X,

(a) z;z, =z, + z, (b)zl+zz=; )z tzy=2,+2, (d) z,-




32.

33,

4.

3s5.

37.

38.

3%,

40.

41.

42.

43.

45.

47.

The number (2 — 7/) is equivalent tgy, ©

@) (2,-7) ®) (2 \J T @ @-7.0

2 =~Ti ¢an be represen Yl\jﬂ

(@) (7 +-0) (c) +7i (d) (0,-7) .

The complex plane is named in honour of:

(a) Jean Argand  (b) Leonhard Euler (c) Neurten (d) Cavl

Which order pair represents the complex number z = 87

(a) (0, 8) (b) (8,8) (c) (8,0) (d) (8,9)
1.3.1 Conjugate of a Complex Number

The conjugate of a complex number a + bi is expressed as:

(a) —-a—bi (b) a—bi (c)-a+bi (d) a+ b2

What is the conjugate of —4 + 4i?

(a) 4—4i (b) 4+4i (c) —8i (d) 4-4i

The product of a complex number with its conjugate is a:
(a) real number (b) complex number(c) even number

(1+20)(1 - 20) = ]
@) 3 (b) 3i W \\\Bﬁﬁ V() si

The conjugate of 11/ is: ©
(a) 11i 11% U\—g\ (c) —11i (d) 12

m “Properties of Complex Conjugate

For any two complex numbers z; and z, we have z, +z, =

® 72 (b) z,-2, © 2 +2 @ %2
Forz,=4 +3i,7z,=5-2iwe have z, +2z, =

(&) 9 =i (b) S+1i (c) 5+5i (d) 4-5i
Ifz=-3+7ithen z

(@-3-7 (b) 3-7i (c) 3+7 {(d) 7-3i
Hz=3-7ithen z.z = :

(@) 3-21i (b) 57i (c) 58i (d) 21-

If z is a complex number then z.z =

(a) |z2 (b) z+2Z (c) zz ri{*ﬁf\g
@S
"\fo e

Ifz=8-3ithen|z|=_____ \ AT\

(B.] 53 {b} 63 D\\E a ﬂ\"'. r@&_ (d] 83
m__ R;W@bmnﬂulus of a Complex Number

Ifz=13+7,enz =

@) 13-7i BN ()81 (d) 218




48.

If z=—J§-—J§I’ then [z| = \ @0 o) n H_I\
(@8 (b) V34 2 ec}xﬁ’ﬁfh N {:ﬁ} 8

Finding Real and imaginary P‘:rl; of Complex Number of (x + iy)" and

,where 2 + iy, #0andn = 1andn = +2

49, (4+3i2=
: 1
_ 232 2 2
(a) (4 +3i)p (b) (-4~-3) @ @'+ @ Fs
50. If z is a complex number then Re(z) =
Z—Z z+z Z+2Z =
S M, =L
(&) —; ®) = © = @
51. Ifzis a complex number the Im(z) =
3 = peyaal
z-Z Z-Z 4 T\ (@ERVY
(@) (b) ohrmaN &) e 1

52.

ol

g RR NN 9 E
Sz+3i~;‘jf3.-| I (52_31-]1 ( =1 [ 3+i )
3-i ®) (35 ©) 52-—3:'J @ (5z-3

NSWERS.
Y. Mo = 3= 4 - & 6. 16% century
s CX-ENTL B =8 9. 1 10. real 11. -7 12. 4 13. 4
14. -9 18. § 16. x=4,y=-4 17. 0 18. 9+ 15;
19. —5x-Syi 20. -2+ 12i 21, 22122 8-51 23 17
24, i 25. addition and multiplication 26. z((z,z,) = {z,zg}zg 27. (0, 00)
28. (1+0i) 29. (-7+2)H30. | . =4z 32 (2,~7) 33 (0,=7)
34. Jean Argand 35. (8,0) 36. a-bi 37. 4-4i 33;_. real]qun‘tﬁéﬁ
39. 5 40. 11i 41 4+7Z; 42, 9=i 4.’,1.1 3 +~'E~':‘H4 ) 575 48, |z|2
= 1 7O \! _" Y3 )

4. 73 47. 218 48.¢ Igﬁ i .5;% c EEJ_}_]H =2 T Z’LTI

z—Z 3#*
51. T 52.° {Sz 3!]




/ Short Answer Queslions preps .:rf in the .u,nt wf new Examinotion ?uthmques /
[Hnnwiedge Understandmg, &uplucatmn, nna!ytu:al & Conceptual)

YR
W

Q Give short answers.

1. Define a complex number.

Ans. A complex number is a number expressed in the form x + iy. Where x and y are real
numbers and i is the imaginary unit.

2.  Why does the equation x? + 1 = 0 has no "real" solution?

Ans. By solving for x, we get x2 = —1, Since the square of any real number is always
pasntwe there is no real number that equals —1 when squared.

3. Howis lmagmnry unit i(iota) defined?

Ans. The imaginary unit i is defined as the square root of 1. It is expressed as j= /-]

4. Simplify /27,

Snl 27 = j26 x 1-(12)13 Xj=(=1)Bxj=—]xj=—j -~
5. Sirn|7:)h ;; \ (Er’u;‘j}j.,‘uu
Sol. )V =1 x D7 = (=) ()T =—1(i)16 x ji= =@ (210>

==1c)t < i=—1) =g 2 A [\ .z‘{‘ﬁ“u Y

m RecfanguiamForm of a Complex Number
6. Whatis a "pure IWLQI amber?
Ans. A complex R gL+ yi is said to be pure imaginary number if its real part is
zero. (x=0)
7.. What is a "real" complex number?
Ans. A complex number is said to be real if its imaginary part is zero. (y = 0)
8. Identify the real and imaginary partofz=7-11i
Sol. Giventhatz=7-11i
The real part Re(z) is 7.
The imaginary part Im(z) is—11.

Equality of Complex Numbers

9. Under what condition are two complex numbers equal?

Ans. Two complex numbers are equal if and only if their real parts are equal (5 =X,)
and their imaginary parts are equal (y, = y,). (5 \ (0 SN ~.‘_
10. Ifa+bi=9-13i f‘ind the values of a and b; e SN[@Ie™
Sol. Given thata + bi=9 — 13§ ik ,ﬂ e\ “j ‘-1\.11 ) .'f

By the principle of cqua[ity,,u T EI-_-.H'"'E"; RS
Equating the real part Eﬁuahﬂg’the imaginary parts
a=9 .,  bFws

'\'\i

11. Find the valueoi‘  § and yif@x+3)+(5-y)i=T7+3i
Sol. Given that 3x +3)+ (5 -y)i=7+3i




12.

Sol.

13.

Sol.

14.

Sol.

1S.

Sol.

16.

Sol.

e

e e

Smce the to complex numbers are equal, their real and i lma\gl
N H\ al

Ix+3=7 , S—y=3
3x=7-3 " 5-3 q?:ll'.,lll".r\_ff’( %
3Ix=4 23 1\%, at

If z=1 - 2yi then find -3z.
z=1-2yi
=3z =-3(1 - 2yi)
=-3 + 6yi
Simplify: (17 -7+ (19 -7i)
(17-70)+(19-T70)

=17-7i+19-7i
=17+19-7i-7i

=36-14i w,,_.ﬁux
Simplify: (21 - 129 - (11} W il QU
(21 -12) o+

=21 -12i +gﬁ‘i\'['?l

=21+11-12i-17i
=32-29i

Simplify (5 - 3i)(4 + 7))
(5 =34 +7i)
=5(4+7N)-3i4+70)
=20 +35i-12i- 212
=20 +23i-21(-1)
=20 +23i + 21

=41 +23i
fz,+z,=19-1liand 2, =3 -7i
then find z,.
Z;t2,=19-11i
Z=19-11i-z

z,=19-11i-(3-77) -~ fzﬁ::.— “—?t /4
32-19-11;-3;» ﬂl H, fRiaE
—IQqumlﬂ.}
z,= 164

So, zz—lﬁ —4i

17.

Sol.

A\

18.

Sol.

ﬁ%w‘ﬂ\tﬁﬁ\ i

Algebraic Operations on Complex Numbers

Express (2+ J.’:l}(—‘? +2i) in the
form of a + bi.

(2+3i)(=7 +2i)
=2(-7+20)+ I:\\( 2530

25
A
=14+ (4= T3)i+ 243 (1)
=—14+@4- TB)i- 243

= (14— 23) + (4 - TB3)i

A .,

Find the complex number z if

. =2+
3-5i

z
3-5i
z=2+)(3-50)
z=23-5)+i(3-50)
z= 6—!01+31=—$:‘2F, ...... “mj

it &Wskﬁt} @57

=2 +i




19. Simplify (7 — 3i) + (6 + 20) and write in the form ul"a +

vf \ [’_”/_\]Y?‘l rﬁ'&)

Sol. (7 - 3i) + (6 + 2i) | 42-32i+6(+1) \S' ?
_1-3 \sﬁ@tma e
C 6+2i Q\ST“ 423 i—-6
I S N W 36+4
T 6+2i 5:'; ' _36-32i 36 32
_ 7(6-21)-3i(6~2i) 0 40 a0
(6 -2 s
42 -14i —18i + 642 T
. 36-(4(-1)
HMEXN  Properties of Complex Numbers
20. What is the Additive identity of a | 24. Write the additive inverse of
complex number? z2=9-7
Ans. The additive identity of a complex | Sol.z=9-7;
number is 0 = 0 + 0i. When this is ~2=~9-Ti) b@
added to any complex number z, th: /ﬁi\ﬂm\ oo
result remains z {1_{ inverse of 9 — 7 is
21, fz,=2+3iand z, = P9 74,

that the commu
addition ho
Sol. z, =2 + 3i, 22 4+
i+ =Q2+3)+ 4+
=2+4+3i+i=6+4i
=(@+N+@2+3)
=4+2+i+3i=6+4i
Since both result are same
Lt =5tz
Write the Associative property for
multiplication of complex
numbers.
Ans. For any three complex numbers z;,
2, and z
@2z =2/(2,7))
23. What is the multipllu
in the set of com Ie.x
Ans. The mutttplfohl‘imdentlty in the
complex numbers is 1 = | + 0y,

Lty

22.

=

l::‘}'l.

h;rm\ﬁm\

'-.d-f-'.'..-f-"'l.

25. Find the multiplicative inverse of z
3 -5
Sol.z= /3 - Si

3 +5i

i-5i Basi

V3+si \/_+51
3) —(5i T3-257 25i°

\/_-hﬁfwn f @“E‘ﬂ

G A e

"B

3+5i 3+5:
3+25 28
¥3_ 5
28 28




26. Ifz, =2+ 5i,z,= 7~ 3i then verify that z, + 2, = z,+zh x F,{-m@f\g

Sol.z,=2+5i,2,=7-3i R \X l“”w -
LH.S i WA S -3 + 2+ 50)
z, tzy =Q+5N)+(T% 1r}~f~'ﬁg‘~p*- =7-3i+2+5i
=2 + 8iidl Humw"‘ - =7+2-3i+5i
NP3 =9+ 2
=0+2i Hence verified that z, + 2, =2, + Z,

1.3 Complex or Argand Plane

27. What is an Argand Plane?

Ans. An Argand plane is a coordinate plane where the horizontal axis(x-axis) represent
the real part and the vertical axis(y-axis) represent the imaginary part of a complex
number.

28. Represent the complex number ~7i as an ordered pair.

Ans. Since there is no real part, the real value is 0. Therefore, the order pair is (0, -7

29. Represent the ordered pair (-7, -3) as a complex number.

Ans. The complex number of (-7, -3) is =7 — 3.

Conjugate of a %mwﬂﬂ;ﬁ,\ C
30. Define the conjugate of a mmple;\?ur ‘ﬂ WA )
Ans. The conjugate of a co ;x{ L}*i Ef'ned as the complex number X - yi.
31. What is the simple rule ﬂﬁ cnnjugate of any complex number z.
Ans. To get ‘ﬁnc cnmplex number z, simply change the i by —i in z. For

example, 304/ is the conjugate of 3 + 5i.

32, What is the conjugate of —4 + 4i.
Sol. The conjugate of —4 + 4i is —4 — 4.

m Properties of Complex Conjugate
33. Ifz=19—7i then verify that z =z

ﬁgﬁf\ﬁ

So, verified that z=1z = T A 0 a\Ns N .'I ff _~t‘.~.*-'
34, If z, =4+3iandz,= Fﬂhﬂ*wﬁwwﬁ +z;»LE+£
Sﬂ]. =4+ 3 y 2y = -, / jl.l'l.l T'-,II ||'|_, I'l\_lj'!\l'»_ﬁg\x_}k_e :
(lngs
=4- qqm 'ﬂ\:l“-s £7i
L H S :
z,+2 =(@+3)+(5 —T7i)




-

RHS

I
L=
+
-l
T‘
th

I
P~

I
B

|
NS
-,

Z,+z, =_]-4=-1+4i

Z, +7Z, =(4-3)+ (- S@g
=4-3/-
So, verlfewhw 2, +z,

35. Mz, =11-4i,2,=-5+4i then find 2.7,
Sol. 2,2, = (11 - 4)(- 5 + 4j)

= 11(=5 + 4i) - 4i(-5 + 4i)

=55 +44i + 20i -162

=—55+64i—16 x (-1)

=-—55+64i+16=-39 + 64i
Z,Z,= -39+ 64i

=-30 - 64

m\w@@m

1&g «

m Properties of Modulus of a Complex Number

36. Ifz=-3+ ./5;, show that z|Hz|

8¢ \@@\J .

Sol.z =-3+ .J5;
T oed %
=3+ i) &WJ% = Via ..

37.
Sel.

B=3-5i|= J(—3)2+(—J§} =V9+5 = V14 ... (i)
Hence verified that [z| = |Z| (from (i), (ii))

Ifz=7-13i, show that zE=|z|z.

z=7-13;
zZ =7+13;
2z =(7-13i)(7+13)
=(7TP-(13ip
=49 (169 x 1)
=49+169=218........... (1)

Z =[1-13i= (1)} +(-13)’
= /49+169 = JET ‘T'\
2 = (218 1 \Wﬂ
\
22 =218., W0 m}r\_\”f&\

Therefore 2z = ZI from (i) and (ii)

'38. Find the modulus of -7 - /11,

Sol. Letz= —/7 —J11i
2l =|~V7 -1l
= JT) + (1)
J7+ 1 }ﬂﬁ-\{safmﬁ?‘




%3 Finding Real and imaginary Parts of Complex Number of (x + iy)" and

where x2 + iy2#0and n = +1 and i = +2

39, Find the real and q?wnampangui‘ﬂ; 5,')-1
Sol. Letz=(3 - ﬁi-«‘i. WY

o 1oy
~ (3-50)
1 3+5i
by *x
3-5i 3+
3+5i 3+5i 3+ 5i
Gy +(5i) ~ 9-(@25%-1) - 9425
345i RN 5
= —_ e —]
34 34 34
3 Sk
Rc{z] im{Z] - 34 N
40. Find the real and imaginary parts of {1 :’} e ey ,--.;‘.-‘.J-:'x;‘nﬁ"-._"-
Sol, Letz= (1 - } R A 55.3._-1'-. 'n;_."ﬁl“;'ﬁ;'*.n\1;'*::' I:l (0102
a-9 i'~.-',ﬁ'j‘-l}‘:-|'f '71£J"'~‘-."J AR =
[ 1 1+1]ﬁ i
_—X__
1=i 1+i
2
_L | +1 }
(1)* = (@)’
(1+i)° pedia i 142+ (=D
-0 T asn? T @
_1+2:’—1 _E—lf—{]+l~f- £lrg
3 4 A i 2 asSZ=XTIY
]
S0, Re(z) =0, Im(z) = 3 k e \ ”_k ,;”E“w
S ) "".'i."g".r\,:'" '.ll'x 'I'_,f‘
e - v NS Bl
—""Ill 'l.llil:'«ll";-fll. ‘.". s i
| E'N Ill"ul". Il'xl'L \ I."- I'-.-..




