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; Solve the s1mu1taneous lmear equanons w1th complex coeﬁ'xcrents

nplex numbers complex con_]ugate. absolute value or modulus of a
complex number.
Apply algebraic properties and perform basic operations on complex numbers.
Demonstrate additive identity and mu1t1pllcat1ve 1denttty for the set of complex
numbers. :
Find additive inverse and multiplicative inverse of a complex number z.
Demonstrate the following properties of a complex number z.
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Apply the Geometric interpretation of a comple omplex
Find real and 1magmar6 arts @ ‘ $0 the type (x a5 and
X, +i \ \\ ;a | -
[ l y, C& n= ilandn :l:2 : |

Xy =+ Iyz

A complex number is a number expressed in the form xh :y, where X and y are real

numbers and i is the imaginary unit, defined by i2=-1.
Example 1: Slmplll\ the followmg

(i)

7 (i) B (iii) "7 (iv) 75

2 '?: '6 ] sl .2 3 e 3 e it s o - e } S ——— ...._,-_._....._.._I
=10 xi=(ifP xi=C1)P xi=—i [ Do you know

M R ( -)4 h e ‘Complex numbers are essential |
S ()=l =] =X = - for many technologies like |

0 il7= 16 x = (28 x i=(<1Bxi=i 'smartphone signal cessmg :

and M %@ & iy




(1) Ifx =0, the complex number is said to be pure imaginagy. a S '
1) Ify =0, the complex number is said to bg 1 aﬁj _
(1) It is customary to denote a complex number x + jy

as z and we write x= R
For example, Re(5 ~ L
Equality of Co ers .
Two complex numbers Z1 =xpt+ iy and z; = x, + iy, are said to be equal if and only
if Re(z)) = Re(z,) and Im(z1) = Im(z)). i.e. x; = x, and p; = p.
For example, if o + i = -2 + 5/, then o, = 2.8 =5.
Example 2: If 2x-1) + (v +4)i =5 + 7i, then find the values of x and ¥
solution:
Given that (2x-1) + (y + 4)i=5+7i :
Since the two complex numbers are equal, their real and imaginary parts must be
equal. : - '

m(5 — 7.1') =l

A=1=85 L gFd=7
2x=6 ", y=7-4

x= 3. 5 4 L @0@@)@

Solved Exercise 1.1

LSMWWMWWWW%XG@MKJ'
AR\

@ 7 | )
Sol. P= Axi= S-1Pxi=1xi=4 : a8, F=24

(i) \ j16 .
--;-.'_f.vlilﬁ:(l'E)S = (_1)8:1 il as, P=-—
(iii) (—)—1° '
S Sl e e
(_irIQ = (~f)19 - (—]_xi)m "‘(_1 19xilg__ A
' 1 3 1 = 1 Gl
—Ix(f)?xf_ -lx(—l)gxz' —Ix=1xi 1Xi_.. as, ?=—
I X R
4 & e e

['V) ,-n+,~5- . 2 _ : _ .
sob fll4+ 5 = 'l'=(z'2)5><i+(i2)2><i '
= CEP X 1P Xi=<iwid ] x §= 3k i=0 as, P=-]"

- _. * 3




(vi) (A + B+ 2+ i)
Sol. (i4+ B+ 2+ j)2

_[(12)24_:23,(1_'_(_ ?
=jtt +( 1)><
. .H(l G ‘.
) QB
"-.S,i W
= 5

_(vii)
(1-8\ : ¥
Sol. | = ;(58—5)~5=(53)-5=(i3)-5=i—15
\F |
vl B 1 i
= 5 ']4 (l ))(II (_1) )(1 —1)(1
i Ixi -
T o i -—52 -(—1)

(viii) 713 x j29

YZ‘“@“- _

as, i = -1

Sol. /13 x j29 = i13+29¥ 2= ()21 = (,_1)21 =_]
2. Write in terms of ;. @ @@m
@) 2+/4 @2 @W |
'33(,-(.2+J— 2.+ 4><(— ) S @%@ 1-:
(i) 327
Sel. 3 =3MW§§U=3——\/§X\{?=3—IE R T
('ﬁi) LT Batn

5 5
o, 249716 _ 24316 _ 2+ i6x ()

§ LR B |

= Zﬂ-\/f.x\/——l:};étf:%*_% : as,'\/—_lzz'
(iv) 24/
Sol. V2~ \/_-\/_ \/T*\/_—\/i\/—-\/_ J3i as, 1-1.

3. Find the values of x and y.

() (2x+5)+(p-3)i=1+2i
Sol. 2x+5)+(y-3)i=1+2i
Since the two complex numbe@

m@m

2x+5=1 y— 3*
=151

- Vs
--——2 .

Y oot

agmary parts must be equal.




mi@”
(u) (Bx+2)—-(@—p)i=5+3i
LBx+2)—(@4—-y)i=5+3i

: Smce the two complex numbers are equal
their real and nnagmary pﬁg@

Ix+2=35

3x=5-2

dx=3 y 3-!—_4

x_'?,- : X
3 - y_7

x=1

(i) Q+idx+ (A -2y=3+4i
Sol. QR+ dx+(1-2iy=3 +4i
2x+xi+ty—2yi=3+4i
x4+ y+xi—2yi=3+4i
2x+y)+(x—=2y)i=3+4i
Since the two complex numbers are equal,
| their real and imaginary parts must be
equal.
xty=3,x-2y=4
st o6 UM
x-2y=4
Multiply eq
: dx+2p=6.
Add eq (ii) and eq (111)

w2 P =
X /J;_:

4x + 6
5x =10
(1 s
x=? e
Put x = 2 in eq. (i)
22)+y=3

‘x: + 2y +y1

x+2y—xntyi=

(x+2y)+(—X+y)1- = _
- Since the two complex numbers are equal,

. their real and imaginary parts must be

- equl

x+2y=4 _ (1) —x+y=-1__ (1)
By adding eq (i) and eq (ii), we get
+2y=4

+ y=-1

s

F

i‘v ) B3x—1 _
(3x— N+ (Zy 3)i=8+7i

{ Smce the two complex numbers are equal
" their real and imaginary parts must be -

equal.
w18 0 23T
SR i R e T g
S , =10
9 10
St e n
: x=3 y=35

Algebraic Operanfms r~n AN Nl"f"l'u{'o
V

Scalar Multiplication of Corfip|a;

W, L ST R R R

L Heoxty aﬂ“W% e e'= (hv) + (i or (k) + i)
L : 1
The following diagram shows Jz for k=2, = 2 S '

s i
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Ficure 1 I Figure 2 . Figure 3

‘Addition of Two Complex Numbers

Ifz; =x; + iy; and z5 + iyp where x;,

Xty and V€ R, then
it = tiy) (2t i)

=k tx)+i(1+y)

When z; = x; 4+ iy1, and z3 = X3 + Iy2, thcn by the
parallelogram law of addition,
z1+2zp=(x1 +x) +i(n1 + 2)

(i) Ifzy=a+ib,zy=c+idwherea,b,c,de R, then

zl+zz—(a+1b)+(c+td) (a+c +I®w
(i) Ifz;= — ib, zz—c+1d h
- z;+22——(a zb)+(c+1 m
Example 3: AW
Selution:
' (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 , X, X, y1, 2€ R,
then z) — zp = (x1 + iyp) — (2 + iy2) = (%1 — X2) i ()’1 Yo
f=n=n tn)

RV

: oy 2y OF
: (xl Iyl) +-(_x % lyz) s : - (xl ":::y?"yz)
=(x1—x2) +i(n—»2) : "z, :
z21—-z=E-x)+ir—-y2) Lo
Example 4: Slmpllfy (i) (8 + 23) (5-6i) (i) (4 31) (2 —51')
Solution: }“m“- GO rarsteso X
i (B+2)-(5-6d) :

=8+2i-5+6i

=(8—5)+(2!+6i)=3® m ‘ ‘.. |C.321*22=4+6f _

i) (43— (2~50) KX | z=4+6i+z _
=4—“W0 ; zi=4+6i+3-2i as,zp=3-2i
=(4-2)+(3 +.5)i=2'.|f2i : zl=7\+'4i- it




Multiplication. of Two Complex Numbers @ @@\S\!E
Letzy=x;+ iy, z2=x3 + % @ﬁ B
then ziz,=(x;+i) (x @@ '
=x1(x2 + iy2) %ﬁ
: =X, X IZJ’Ufz (-’flxz yiy2) +ilxyz + yixo)
Example 5

(i) Simplify: (3 — 47) (5 — 6i)
(i) Ifz;=2+3iand z; =4+ 7i, then find z;2,.

Solution: o ‘
B (G-4) (-6 (i) z122= (2 +3i) (4 + 7i)
e =3(5 - 6i)—4i (5 - 6i) 1, Using
=15—18i—20i + 242 (1 + i) (% i) = (i = ) + iGertyins)
=15—(_18'+20)i~24 212=2x4-3xN+i2xT+3x4)
=15-38i-24 =(8-21) + (14+ 12)i =13 +26i

=(15-24)-38i=-9 - 38i
Division of Two Complex Numbers
Letz)=x;+ iy, 2,=x,+ iy,

Zi EED
e _z: . X, +iy, o

Ly + 1y, 2 —iy,

X, +IW ‘ .
o L > J’1x2)+y1J’2

x2+y2 as, i2 = -1
S : _
fp XX, + N "i(xlyz_- ylxz) — XX, + %Y, i i(ylxz" xlyz)
e g 2 oo AR N
Xy TV ' X2+ )s X, 1Y2

: Skﬂled Practice!

SRR ['1+2 {"-(2+i_) ' S S A

St b 32 i3 34
1+2 | 15i+5i°

soi{ 52 Jer iy il 2

g : : 9_(_1) m
_(A+20)(2+i)  2+i+4i42i° 15i+,,(\ = jq@@

3. SR

v 5; +2(-1) Q“@Q&Q@@j _ E
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Find the complex number z:

lf2+z =31
z

P Rt L

S0l 2417 Q“m
z=(3- @W
=32+ |
=6+3i-2i— {2

=6+i—-(-1)= 6+1+!—7+I
So,z=7+1i

3+4z
Example 6: Express 5_7; mtheformofx+1yorx+yr
oo e 3441 5+7i _ 15421i+20i+28/
(o " EGTINOIT T s TR T
15-28 +(21+20)i e
= as i< =—1
25+ 49 .
A3A% 3 T @@ \@
= - = +—i
74 74 74

- Properties of Complex Numggrs_ ~— M

The complex numb

WG Lo
following pro

The complex numbers satisfy the fol]owmg
‘properties under multiplication.

&%mon
(i) Closure P\dpen\

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.

(ii) The Commutative Property
For any two complex numbers z; and z,,
1t H =2yt

(i) The Commutative Pr@aperty
For any two complex numbers z; and z,.
Z1Z2 =27 21 :

(iii) The Associative Property
For any three complex numbers z;, z, and
23, :

21+ 2) +23=21+ (22 23)

(iii) The Associétivg Property
For any three complex numbers z;,z, and
Z3, .

(2122)23 = 2, (2223) €l

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

such that, for every complex number
Bk 1 0 0+z= x@
| The complex

as additive 1d

(Jv] The Wu!tn \NU

G - ﬁmber 1=1+0i
cvery complex number z,
zxl=1xz=z
The complex number 1 = 1 + 0i is known

as multiplicative -identity.

|

|
!
|
|
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For every complex number z there exlsts
complex number — z such thato
z+ (—z) - (2) 2 3

\—z is called the
i

{\} The Addltnve Inverse _,.-- ﬁ

v) Tiae Mul wphu @
For ‘humber z, there
S {‘@_ number w such that _

w is ca]led the multlphcatlvc inverse of z

'zw wz=1

il
(vi) Distributive Property of Multiplicatio
For any three complex numbers z;, zp, and z;

i

| zmtm)=z1ntzizzand (21t 2)23=2123 T 2223

ISP o

n Over Addition-

| IS T—— [EEE

Example 7: If z -—7 4i, then show that : Example 9: - Find the additive inverse of

zH0 =z,
Seolution:
z+0= (—»7—4r)+ (0 + 0i)
=-7-4i+0+0i
=74i=z . |
Shows z+ 0=z (0 is the additive identity)

Exa mple 8: Verify the mlg licati \%
identity for =3 -2i. ﬁm |

Solutien: 2% 1

1z=7-10i.
F Solution: 2= 7-10i .
| Additive inverse of z=~7 + 10i
| because z + (-z) =7 — 10i + (-7 +107)

-—7 10i -7+ 10i=0

Exam ii‘ 10: })@ e of
z 4-3i (ngen) _
1

Multlphcatwe inverse of Z= 737

| - e d
L el 7= —
=3-2i=z Then 2 =373;
1><z (1+0i)(3-2i) o 4+3i i e S
=3-2i+0i-0# (4-3 i)4+3i) (4 -G3i)’
_ =3-2i=z o430 N 4 3
Hence, verified thatzx 1 =1xz=z o -E+3§'

1649 25

1. Simplify and write in the inrm a + bi:

@ @+3)+(@-z) {

Sol. RQ+5)+(3—zi) =2+5i+3-z
=2+3+5i-zi

=5+ (5=p)i Q)Q
(i) (9-20)—(1-30). 2
Sol. (9—2!)—(7—3! =3 m
w%—b#ﬁ

=2+i

(i) (16-3)+ (9 +2i

Sol. (16~ 3:)+(9+ +2:

(‘% 3:-+21

@ —25—1
)y FOD — (9 —Ti§)

Sol. (11 +99) - (9 TH)=11+9i-9+7i
o =11=-949i+7i
: =2%16f

e ek e - S -



) A e —

_.";x) (3 + 4i) (2 - 3i) L (i) 5-20(3-40) '
Sol. 3+4)(2-3)=3(2- 3a+4; (2- 3;) wm@ﬁa@@@i‘i—m

=6- 9r+81— = 15-20i — 6i + 82

=6-9i +8§&@M — 15-20i-6i + 8(-1)
W = 15-20i-6i-8

+12-9i+8i : =15 -8 —20i - 6i
=18-i 3 =17-26i
(vii) 3 - 50) + (2 - 4)) 3 (viid) (5 +2i) + (6 — 3i)
3-5i | 5+2i
Sk snet-ip"org 0 IBLBameE-3) Ty
351 el | ! _5+21  6+3i
2-4i 2+4i S e
_3(2 +4i)-5i 2+4i) | 5(6+30)+ 2i (643)
(- @iy o Ere
___6+121—10:—2012' . 1 30+151+¥2th! @m
4-16)i @
_6H2i- 10:—20(—1)0 g@“@@ Si 2r+6(—1)
416 x-1 36— (9x —1) i =
_6+12i 30— 6+15i+12i
o A6 ~ 36+9
| C6+20412i 100 244271
; £ 20 | AEEE
* _26+2i L o
i | | 45 45
560713 8 3
=—t—=—t— : - —
20 20 10 10 R
2. Write additive inverse for each complex number:
i 3+2i . (i) 4-3i

Sol. Letz 3+21 g
Additive inverse of z= i

(iii) 5-7i
Sol. Addmve mverse of z —] %%
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L

3. Find multiplicafive inverse for each cnmplex number @ @@)\S\‘EE
(i) 4+5i - | (:(}) w
Sol. Let z=4+5i : R\
The multiplicative inverse %?@ e multlphcatlve inverse of 2=z 1
b= ]- 5 1 O 2
7 4 Z 6+21
1 4-5i 1 602
- X =
4+5i 4-5i 6+2i 6-2i
450 4 06-2i . . 62
@~ 67 -Qi} 364
5 4-5ij S 62 i ol
16 25 36— (4x (-1))
3 4-5i 3 _6-2i
16— (25% (-1)) s 36+ 4
4-5i 6-2i 6 2
16+ 25 ’4 @
R S T
(iii) 7—3i ““m (iv) /5-4i
Sol. Letz=7- 3W Sol. Letz= /5 _4;
The muluphca ve inverse of z=z! The multiplicative inverse of z = z~!
Pl
2 7 3i z s g
B 1 5+a
=31 T+ B T 5 +ai
i 7+3i \/g 4i
T s + 41
(DA(3)i* -
2.3 (\/‘_5)2_(41)2
T 4997 _5+4i
_T+3i o 5— 16:
4949 L V5 +4i ©©K§@ 0
s T M @@&g@
58 58 58 . Q Q Ll Gid
““m 5+ 16
SO
21 21




(1) z tz,=2,%1z
Sol. L.H.S

=2+5i+ !Q@g

= 3+2i
R.H.S _

Zo 32 = (1 =38 =2 +50)
=1-3i+2+5i
=1+2-3i+5i :
=342 (2)

From (1) and (2) we get

"LHS=RHS

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

(iii) (21 + 2,) +.2; = 2 +(

Sof: L.H.S

(2 + Zy)tzy=[(2+50) + (1 -3d)] + 2+
=[2+5i+1-3i]+(2+1)
=Q2+1+5i-3)+Q+D)
=(3+2i)+ 2 +1)
=3+2i+2+i
=3+2+2i+i
=5+3i )

(iv) (z,z)z; = 2,(z,2,)
Sol: LH.S.
(zi22)zs = [(2 + 5i) (1 - 30)] (2 + )
=[2 (1 -3i)y+5i (1-30)] 2+
C =(2-6i+5i-
—(2 6i+ 5i—
2+ 1)
*'(2 5- 6:+51)(2+:)

2, +2,= @+5)+(1- %&mk

4. z;,=2+5i 12 2—1—:Lrandzg~.2 + i, thenvern‘

)

.;
»

lez = (2+5i)(1-3i)

=2(1-3i)+ 5i (1 -3i)
=2-6i+5i-15:2
=2-6i+5i-15(-1)
=3=6/+5i+ 15
=2+15-6i+5i :
=17=i (1)
R.H.S
Z,z;= (1 -39 (2 +50)
= 1(2+5i) - 3i (2 + 5i)
=2+5i-6i-15i2
=2+5i-6i—-15(-1)
=2+5i-6i+ 15
=2+ 15+5i-6i
=17-i

d& , verified that z,z,=z, z,

s

R.H.S
2y +(23425) = 2+ 50) + [(1 - 3)] + (2+1)]
: =(2+5)+[1-3i+2+1]
=(2+5)+(1+2-3i+i)
=(2+5i)+(3-2i)

=Dk Si+ 324

=2+3+5i-2i

=5+4+3i (2)
From (1) and (2) we get
LHS=RHS

Hence, verified that (z,+2,)+z;=2,+(z,+25)

=(17 - z)(2+:)

Q

O

=34+ 17i-2i+1
=34+1+17i-2i

=35+ 15i (1)




L

it e ———

24 !5 N ‘
zy (2, 23) -(2+51) [(1 -3i) (2+7)] ' @‘ﬁ%'; ~25 (—1)
=2+ 5i) [1(2+ ) =3i D) \/ 101+251+25
=R+ 5)R+i-6) ! =10+25-10i +25i
(W%% B e
=(. +i— 6i+3) { From (1) and (2) we get
=(2+5i)(2+3+i-6i) ‘ LHS=RHS
=@ ¥5D5 =5 - | Hence, verified that (2,2,)z; = z(2,23)
=2(5 - 5i) + 5i(5 - 59) ! - -
V) z; +(2)=(2) 12, =0
Sol: zl=2+5j &
' ~2zy=—(2+5i))=-2-5i
Zt-4)= 2+5)+(-2-50)
_ =2+5i—2-5i
=2-2+5i~5i=0+0= 0
ezt =(-2-5)+@2+5)
=-2-5i+2+5i

=-2+2-5i+5i=0+0= @@W@@
Hence, veriﬁed that z, +(-zl)tﬁgiﬁ“%
(1+
i _i'i" """'T"'* X+1Y Lol alues of x and V.

th

oy (FD? aI M)
N ‘ Lo 4o THTY
(1) +2(l)z+(z) , 4i-2 )

! =xtiy
2—i 1 4+1
142i+(-1) | . ikl SIS RS
ST e L] 5
142i-1 % ‘ | o .
v o =x_+1y . 5 5 t—x+ly
1-1 +2i i - By comparing real and.imaginary parts of
A e both sides »

il_; fx+.iy | m@@wxﬁé @©




. —_

8B T

6. If2x+iy)(1-i)= 4 + 2i, then find

a+ 3aj+bj +11i
~ thevaluesof xand y. ,D@@ fFbi=-8+11i
Sol: (2x +iy) (1 - i) =4 + 2i0) & - )+ (a+b)i=-8+11
BN+ (-n=4F - By comparing real and imaginary
Ny (l=] : . .
e W “hgl parts of both sides
Belany ; * ar3b=—g ()
22X =2xi+ iy = (-1)y=4+2i e+ b= 11 : (i
A=y ty~q R Multiply eq. (ii) by 3
2Xx+y-2xi+iy=4+2j . 9a+3b=33 (iii)
Xty +i(-2x+y)=4+2i Add eq. (i) and eq. (iii)
By comparing real and imaginary a— 3 =-
parts of both sides 92 +2b =33
2x+y=4-(i),-2x +y=2—(ii) ’
Add eq (i) and eq (ii) o “‘2";5 o
S 2 +y=4 AT 35 =uamg
-Ax +y=2 ' @@m
2y =6 5 0‘1 eq. (i)
el
y=3=3 C)““m > -2-_..3b=._,8'
Puty=3inWo e |
2x +3 =2 Z(EJ —2(3b)=2(-8)
2x=4-3 2x=
g T S—6b=-16
X= — —6b=-16-5
1-2 6b=-21 = 6b=2]
TRl e~ 21
So, x 7Y 3 bz?
7. Find 'th_e values of a and b, if (a + . i
bi) (1+3i)=-8+11i. ‘52 7
Sol:(a+bl’)(l+3:’)=-8+1]1’ So,a——z',b'—-_-z*
a(l+3i)+bi(143)=-8+ 11 m
at3ai+bi+3bit=-8+11i @@

e S, v —— o — v —( W 5 W . W |

respectively. In th
(X,y) in the coordinate plane.

8 and - 7i are equivalent to (2, - 5), (8,0)and 0,-7)
anner, a complex number z = x + iy can be represented by the point
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'Here some complex numbers are plotted on the complex pla R T
- @o@m

| B4 \4'7?\ Al
SR B 20 T \\%_u\“"J
o MW
NN T T T
x' X
' v e Jee 3 e ]
—3 1+ 3i ? 344i

Conjugate of a Complex Number :
- The conjugate of the complex number x + :y is defined as the complex number x —iy.

 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 + 8. The
product of a complex number with its conjugate is a real number. m

For example, (1 + 20 (1=2)=(1y-Qi)pP=htd= @ @©
Geometrical Representation of {:unlu ate ofa Gomple “

Geometrically, the conjugat by reflecting z on the real axis.

I G AR B in 1’
B b

B 4

3

343i

 § . - - ‘ | p 9 Q
444 ’:,y'
' Prupertles of Complex Conjugate:

For any two complex numbers z, and 2, We have
Property 1: z, +z, =z, +2,

Proof: Letz=x, +iy;, = x2+:y2, where X,, ¥, d @ m
Now, 2, + 2, =(X, +iy )+ (X, +iy mﬂ
- ' ijﬁa\\&%
CEEAETR

M iy, ty)= xl“'xz"‘)ﬁ“‘)’z

=(x,—iy) + (= i) = B +7;

1
|
I
d
N
&

“-h
<




Example 11

Iz, =4+31,2;=5+2j, thenprove a W
Sol.z, +z,=4+3i+5+2i=
5i

z,Tz—z.zg_
_=4_
z,=5-2i
Iz_l'+Z =4-3i+5-2i
Z,+Z, =9-5; (ii)

Therefore, 2,+2, = z,+2, (From (i) and (ii))
Property2 zz, = 7,7,
Proof: Let zZ, =(x; +iy,)
and z,=(x,+iy,) where x,, y,, X,, Y2€R
2,2, = (x; +iy,) (x, + iy,)

| 2,2, = (XX, — YIYZ)+(K|Y2+Y|"2) @@ ©©
Therefore 2,2, =(X,X; -, yg i(x @

_ iy (xlxz e lxz)
and 2,z, = | z+i5’2)

= (X, - iy)) (X = iy,)
il X2 — Y1¥a) = i(x,y, + }’lxz) (ii)
From (i) and (ii), we get

R I p—

: 2,2,=2,2,

Exampla 12
Ifz,=3+4iz,=2+ 3:, then prove that z,z, = 7,7,

Sol. Now, z;z,= (3 + 4i) (2 + 3))

=6+ 9i + 8i + 1272

-—6+l7;—12
| =—6+17i @@ m
22, =617 @@@W
and Z,Z;= (3-4i) (2-30) | k@
_  =6- 91—-8:+l “@
=6 -
2,2,=_§ o SRl = K

2,2, =2,2, From (i) and (ii)




it T

Property 3

— >\ ORI
S @m\\@@@m@‘)@
Proof: ;nc; M o |

2z, _ Xy, _ Xy, X,— iy,
Z, Xp+iy, X,ty, X,y
(X X, TY,y3) = I'(l'hy —YiX,)
z2 (x2‘+y2 )
(5_) (XXt Ya) =iy, yiX) Q)
Z, (xzz+y;)

. z X, =1y,
Now, =-=

(x, iy, )(x, +iy,)
(xﬂ "’Yz (xz‘*"Yz

€O (%@
xx,,-c-:x“%\é . %&@@@W@

xz"'Yﬂ’z)*"(xlh Y%, )

(i)
X2+y2
z | %4 ;
\z,) 7%

(From (i) and (ii))
Skilled Practice!

(i) Take any two complex numbers and prove that z, +z, = z, +1z,
Sol: Let z, = (2 +3i),z,=(4 + 5))

Z, =2~ 3i, Z2=4-5i
z,42,= (2+3:)+(4+5:)
=2+3i+t4+5i

] Ve @@W@ o0
R

—3i)+(4-5))=2-3i+4-5i=6-8i
Hence, Proved that Z, +Z, = zZ,+2,

(from (i) and (ii))




(ii) Take any two complex number and prove that Z,z, 2= @ @©@\\
Sol. z,z, =(2+3i)(4+5i) @@W
=8+ 10+ 1;3, %(@@
: =8 +22i
i = 5 =7+ 22§
57, =—1+22=-1-20 . L
2,2, =(2-3i)4-5i)
=8-10i—12i+ 1572
=8-22i+15(-1)
=8-15-22i=-7-22i (ii)
Hence proved that m= Z,.z, (From (i) and (ii))

. : - Z -z_l o
(iii) Take any two complex number and prove that = v ?2 (2, 20)
y 2

a2y Badcd ?7@"@@@@
_ 243 45 1 B mait
4+5i 4-5i Cﬁ“m IR
_8-10i+ 1SR 0 8+10i—12i—15 _8-2i~15(-1)
(4y5(50)2 T @ -Gip  16-(25x(-1)
_ 8+2i-15%(-1) | 8+15-2i  23-2i 23-2i
N C) ) | T 16=(25x(=1)) 16425 41
_8+15+2i 2342 23 2. | 23 2. ;
164255 4% &1 41 T T i
). B,2,. 8.2, 4|-n
[ZZJ TR T ook Hence proved that[z J z (From (i)and (ii))
| Example13

%W@@ o

; | 2
Ifz, =5 +4i,z,=3 + 2i, then prove that[ J
2

z, 5+4i
- My

Z, 3+2i
_(5+4i)(3-2i) 15‘%@@%\&&
- (3+2i)§3—@9]®l0\(3)’5\)(f iy

23+2i

= 9+4




Z _ 23+2; 28 23, i ; | Therefore @ @@W
e oA “&Q@ L (From (i) and (ii))
B 33T : Q\“m P ° |
[z_]= T2 11 M Property 4 :

Z, 5-4i (5-4i)3+2i) £ |
Z, 3-2i (3-2i)(3+2i) Proof: Let z_#x+ry ‘
 15+10i-12i-8% 15-2i+8 apen. F AT
3 9+4 R zZ=xFy=z
7, 5-4i (5-4i)(3+2i) Hence, provedthat z =z
7 -0 G-2h0F ‘Example 14 W
T Ui Ifz="7 + 3i, then prove that Z=
- Sol. z=T7+3i

- ol .-2 N3
25+101 12i-8i* 15 2i+8 2 Then 2_7 3i

Oud "l i ged
3
L BB 2, @f@@m
2 13
14 i
Just as the W de of a real number measures its /m4
distance from the/origin on the real number line, the modulus of Py

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

Definition
If z=x + iy, then the modulus ofzis denoted by |z| and defined -
as|z|= yx*+y*

For example, (i) | i [=|0 + 1i| = {/0*+]12=I

Gii) [3 = 5if = |(3)2+ (572 =\0+25=34
Properties of Modulus of a COmplex Number
- Property 1

|z]=|Z|

S QO m
e ﬂmm d@m

W IWW J a0 D)
From (i) and (ii), we get

Zl=lz|




Example 15 Pro 3:2Z = O@©m
If z=5 + 4i, show that Izl = | Z| @%ﬁ@@; ' iy
Sol. z=5 +4i O“\rg\«j& i i T e Sie
, i =x-1
: |Z| = 1/(5)24'(,4\';&@& Now z7 = (x+1y)(x—1y)
J Sﬁgz 41 i '

=325 ey o m G = )
Now Z =5—4i ' | et Eheal iy d
1Z] = J(5)*+(4)> g 8 N
- J25+16u Al i = @ tyr=lt as|zf=yx +)°
From (i) and (ii), we get * Hence,zZ = |z |
lz|=1Z] Example 16 if z=5 + 3i, show that 2Z =| z |2
Property 2: |zi=|-z|=| z |=|-Z | Solution: 2w 5% 3
Proof: Letz=x+ iy . zZ=5-3i

Then |z = x>+ (i) 27 2 @@@
2 = x—-iy - ol @m-— 5)- (97
T - |\f(—x)zl %%@Q@ igsz(—(%)

=25+9=34 0)

+ y _____(n)_ |t g = r—-——___(S)2+(3)2

z =x——yi=>;ﬁx+y;‘ ;
% ¥ 2 2

el = [J© +37 | |
Here Z =x-iy asz=x+iy i = Rk et SRSTRORI L)

5 = —x+iy We get,z?.=|z|‘“

|2 \/ Lot o) : From (i) and (ii)

=P+ @
From (i), (ii), (iii) and (iv), we have -
=2l Z [ Z | coO

1.._ Find the modulus )
() 4+3i Ll (i) 5-4i |
Sol. [4+3i]=/(4)? +(3) =16 +9 =/25=5 Sol. |-5-4i|=J(-5)* +(4)’ =25+16 =41




Sol.

(v) —V2-3i

Sol. | V2 ~Bile ()’ +(—\3) =273 =15
2. Wzy =2+ 7iandz, = 4 - 3i, then verify that:

—_—— e

(i) Z,+2,=z+z, (i) 2.2,=2,2,
Sol. L.H.S ' Sol. LHS
21+ 2, =2+ 7))+ (4 -3i) el 21z3=(2+ 71') @31
i i =2 (4—30) +7i (4 - 3i)

& s =8—6i+28i-21i*
=2+4+7i-3i =8—6i +28i-21(-1)

=6+ 4§ =8—-6i+28i+
N

z2+2, =6+ 4i=6-4i %l%
RH.S 2 d\‘! |
=247 KQ =29+22i =29-22i
- _2 2 Q | RHS .
: = W 2, =2+7i
ZQ—
_ Z, =2-7i

Z; =43} s
Z) + 7, =(2-Ti)+ (4 +3i) ;=4+3:‘
T it Rt 27, =(2-7i) (4+3i)
=244 = TEL DI =8+ 6i—28i-2172
=6-4i - =8+6i—28i-21(-1)
Hence, verified that 2 z+z, z, = z + z . =8 +6i-28i+21
=8 +21 +6i - 28i
=29-22i -

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

(i) f:- | : @@@
Sol. £H1 o) 2 ; Q@@@Wa
| i 4<% - m g

+7z(4+3:) + 8+6i+28i+21i
(4)* - 3i)? N 169 x~1)




A4

8+6i+28i+21(-1)
16+9
8+ 6i+28i—

M

| 8—21+6:+28:

25
-13+34i

25

<13 344
_+_
25 25
13 34 13 4

T 25 25 25

%@

a0

3. fz=5-2; then verify that
(i) z=z | @) [z|=
Sol. z=5-2i Sol. :z
z2=5+2i 7
z2e=5-2
Hence, verified that 7 = 7 £
1Z|
(iii) |z|=|-z|
Sol. z=5-2i
g =84

y =4 — 31
Zz =4+ 3j
.. 20
Z: 4+3 3
_2—7: ol 2(4-3i)—7i(4-3i)
AN AN - @ -06y
8 6i — 28i + 21i° 8—-61‘—28:‘+2l:‘2
16 -9i* 16-(9x%-1)
8—-6i-28i+21i* 8- 61-281+21(—l)
16=(9%=-1). 16+9
8 6i— 28:' 21 8-21- 61—\%8%
vaﬂx
K}&\X@b’ 5 25
. z Z
Hence, verified that [—' =2
_ z, 4
| Z|
=5-2i
=5+2i .
= JOP + (2 =V25+4=V29 __ ()
—\[(5) +(2) =V25+4= J29 S €

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

|z|=|5-2i| *\/(5) +(

. S’W
=25+4=\29

(ii)

_.zl

el

T e

= AN

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




T e e s
(iv) 2Z=|z| 3 @©3
Sol. z=5-2i O(S '
7 =5+2i R\J&“ —5+2:
22 =(5-2i)(5+2i K\“\&EB ~F =(5+20)=-5-2i
= (5)2 2 !
BT B sl
= 25— (4x-1) =)’ + (2’
=25+4 =J25+4=V29 ()
B (et e ol
12| =15-2i] =\(5)+(2) | _JCr 2y #
RpPe e =VE) +(2) (i)
(/) =V25+4=V29
|z|* = ( 29) ~ Hence,from (i) and (ii) verified
| 2z L= ) . . that Ifl=l—f|_
Hence,from (i) and (ii) verified that z z = |z |? '

4. Itz = 4-3i,then verify that |z | -
Sol. Giventhatz=4-3; O“m'k%

—z=—4-3i)=-41

—z=—4

~Z = 4+3i=—4-3i

Ly w43 ' A
|z]| =4 - 3i| _

12| = (@) +(3)* =\16+9=125

f sty @)

I-z| = -4 + 3i]

2l = (4)*+(3)* =V16+9=1/25
2zl =35 (i)
Ry e |
|~Z| =}4-3i
5. I zy=2+3i,z,=-1+i,evalua

@ Re(zzy) mm

Sol. 22, =(2+
F 3: (-1 +1)

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

n._

5}&‘“@”

ﬁ@o@@m
(—4)* +(=3)*=/16+9=25

i)

|
Nl
all
W Lﬂ

NN
=
o

NI NI N NIENENE N
TR L
W »-b
¥ oy +
e (%7
et T~
]
+
I
LS
N
[ %]

(iV)

=-2-3+2i-3i=-5-1i
=-5-i
So Re(z,z,) =-5




i) 1 = e
(i) Im(z,z,) fﬁ\\\E@Q@i (-1)

Sol. 22,= (2 +30) (=1 +i) Y@\, _3i
= (-1 +;)+%,l\(-1 f,,Q\\/ K\ﬁ \\Yl wisRli let __
—-2+2!-: - 5\?\\"‘\\ _”'M So Im(z,z;) = -1

Finds fu. Yeal and imaginary Parts of Complex Number of (x + «y)" and

,where x2 + /jy2#0andn = +1andn = +2

(x+iy)*whenn==+1
Letz=(x+iy)*bea complcx number.
(i) Forn=1
We have z = (x + iy)"
'=x+w
Re(z) =x, Im(z) =y
(ii) Forn=-1 ﬂ
We havez= (x + ty)-
1 _ iy R0 S 2\0@(@ N

5 " U
s ReE)y T M

Skilled Pract:ce\l |
Find real and imaginary parts of (x + iy)" forn=+2
Sol. =(x +iy)?*
=x* + 2xyi + (yiy
=x?+ 2xyi + (y* x =1)
= x*+ 2xyi -y
=x2-y2+ 2xyi _
So Real part = x? — y? and Imaginary part = 2xy
Now (x + yi)2 .
; 2
= ! A
\x+yf) : WeOLL
_( 1 XX—YI'L V\\[‘Q—"\fﬁ \\/\\\\?
\x+yi x-yi \\J \S\U\ \\S\J

RN ¢
3 4 \)J:‘F%-{r\f i x....y' 2 . (x yi).?.
| \(’{)A\;%G‘?_—;Z\]]J Xty ] (xz i )’2)2




_xt=2xyi+yhi' _x —2xy1 y? _(x*-y*)-2xyi @
FalT &@@ ex®
st s Ao
(x’+WW
: x? y_Z 5 —2Xy

So, Real part = (xT_yz)z.’ imaginary part — W

Exaniple 17: Find real and imaginary parts of (4 + 3i)”l.
Sol.  Let z=(4+3i)!
' 1

“(4+3)

1(4-3))  4-3i
(4+31)(4 -3i) ~ 16-9;°

et LT S R @@@m
16+9 S 25 25 o @@m . o
S Relz) = Im(z) o g O
Example 18 Fmd r arts of z=(4+ 307
2= (4+

(4+3z)
5 e 1
| (4) +(3i)' +2(4)3)  16-9+24i

e - (7-24i)
7+24i (7+24;)(7 24i)
7-24i  7-24i

49-5767  49-576(-1)
7 -24i ] =244

: j;_+_576 625 mm“@@wan(@@

- Re(z =—7- )

625’ 625




Do you know? : 3 (l @©®\3
zZ+Z CO o=
- Re(z)=——, 5 ﬂm(&\@@w b3 i
Im(z)= 2-% ““@\} :
?\“ﬁww - . | 1
Example 19: Find real and imaginary parts of z = (; : ;; ]_ -

e z=[4+3i]‘l
v 3+2i

_3+42i =(3+2i)(4-3u’)

_4+3s (4+3i)(4-3i)

C12-9i+8i-6i7 _12-9i+8i=6(-1) _12-i+6
16~97 . _ 16-9-1) - 16+9

2535 “ ((\ﬁ@w@

. Re(z) == Im(z - —%“mm
1+i
Example 20: Md imaginary parts of z = (1 _,.) i

' (14-:‘]"
Sol. L] e
1-i
B O
A 1 1+i 1-i 1P
=(1“2i—1 2= :gi 2=(_f)2=._
G B | 2

=—1+0i
Re(z) =-1, Im(z) 0

O

involved are called simultaned

Example 21: Solvethegi nultaneous linear equations with complex coefficients for z

and w:
W+ Dw =T7-i |

2-Dz+2iw=4-




Sol. 52-Q+d)w=T7-i | (1) '
-dz+2iw=4 @W@
 Step I ‘From equation (1) solve

5z - (3+:)w 7@

COT

3+ g,
o o 7+x
. 3+ (111)
Step II Put the cxpression' of w in equation (ii)
| (2-f)z+zf[5’*'7_“j=
: 3+

QR-D@+)z+10iz—14i +22 =43 +i)
(6+2i-3i-2)z+10iz-14i + 22=12 + 4i
(6-i+1)z+10iz—14i-2=12 +4i
(7-)z+10iz-14i-2=12+4i
7z—-iz+ 10iz—-14i-2= 12+ 4i
72+9iz=12+4i+ 14i +2

oM
72+ 9iz=14+18i @@
A

@@mﬂ

2(7+9)=2(7+

- zm2 ..
Step III Put z = 2 in (iii), we get

Sl =7+ 4 10-7+i
3+i . 3+i
3+z
w T ——=] ==
3+i

Hénbe, z=2, w=1

Solved Exermse 1 4

Q.1: Find the real and Imanlnary parts of the lollowlnu oumplex numb '
o - ﬂ@@m

Sol. (8 - ?:i) | %@@
: 3 (6?2 _428 f? (3i) + (3;%“@“&

=64-9 5—-48i
.. Real part = 55, imaginary part = —48




‘F"'_“M"

() (5+39
Sol. (5 + 3i)!
1

~(5+3)
1 N0
T 5430 5“ 3i
(5)"‘_—(3:')2 T DE o
. 5-3i 5-3i
25-(9x-1) 25+9
B R
34 34 34
.. Real part =§, Imaginary part =
(iii) (4 - 5
Sol. (4 - 5i)"
s
4-5i

SR L _ 4+5i
6-(25x-1) ~16+25
s U T
41 41 41
4
.. Real part =-;ﬁ, Imaginary part =
(iv) (4307
Sol. (4-3iy?
; 2
T 1
(4 31)
e b s
—\4 3i 4+3i
p
iy ) e
\(4) *(3')

34

gl
4) -(5i)"

4]

4+3,] % YE@“@M\J e

€O
@&@’ 4+3i

(4+3i)2 ~[4+3i]2

(16 +9 25

o (4)" +2(4)(31)+(31)
(25)°

d 16+24i +9i%

625
_16+24i+(9x-1)

e T

gm‘

7 + 24:
625 625
7 . 24
.. Real part= BE Imaginary part= ‘6—25 |

(3-1-21]
) 4+3i

o (3+2f]"_(4+3f]"
"\4+3i)  \3+2i)
_4+3i 3-2i

X
3+2i 3-2i
4(3 2i +3J(3 2i)

G ﬁi(é@m

12-8i+9i-
9—(4x 1)
5 ~8i+9i— 6(-1)

9+4




12 8i+9i+6

aginary part = E

"\ 2+i 2-i

\2—i 2+i
2(2+i)+f(2+f)J2

\ (2)2"(i_)2

(442i+2i+i

Ee

(sl

__\ % 4+1
"4—1+2i+2_:')2

\ 5

_f3+_4ij’

o |

_(3) +2(3)(4i)+(4i)’

i 25

9+24i+16i’

25
9+24:+(16x-—1)

9+24z 16 @(@W

_ 124,
25725

N
2

E @Wi .

~1(=1-3i)-3i(=1-3i)
L
_1+3i+3i+ 9
i 4
l+6i+(9x—1)

L@“
O

.. Real part =-2, Imaginary.part .=

1+6i-9
4




. W.2:Solve the following simultaneous
linear equations with complex

coefficients for w and z: W
@ 3z+Q+hw=11-i O“

-Dz-w=-1+i “ m
Sol.  3z+( e

@-Dz=w=-1+i - (i
From (i) solve for w in term of z

3z+2+Hw=11-i

R+iH)w=11-i-3z

11-i-3z
il e g (iii)

2+i
11-i-32

2+i from

Put the value of W=
(iii) into (ii)

(2_1,)2_11—1'—3::=

[(4) - iy
=(=1+D2+))
G- D)z-11+i+3z
E2-i+2i+
4+D)z-11+i+3z
==2+i+(-1)
S52-11+i+3z=-3+i
Sz+3z+i-j=-3+11
8z=8

O

z=

aoloo

=] o5

From (iv) put z = 1 into (iii)
1 1-i-3(1)
2+i “ ﬁi

ll—:—

_16-8i-2i+

g |
_16-10i+(-1)
5 4+1
_15-10i

_16-1-10i
5

Hence,z=1,w= 3-—2:

(i) 22+(3+i) 'a
@ WemGhge ()

—iz—iw = -1+ )
From (i) solve for z in terms of w
—iz=~1 +i+ijw
iz=1-i—ijw
_1l-i-i*w
.,___..i__._
l-—i=iw i
i
i—i-i*w

--I—l—Wln(l)
22+3+)w=9-j
2(-i-1-wW)+3w+wi=9—;
2i-2-2w+3w+wi=9—j

'—(—"Z)-( Dw
1+l+w m
ﬁ%@ ©O Lo

L 3_-_
B

2i+i+w+wi=9+2




—itw+wi=11
w+wi—i=1l
w+wi=11+1i
wl+p=1l+i

11+1 F$ﬂ

11+1 1-i
: o Ersam
Ibde i
C-1i+i-7
(-
w:__11-10i—(-1)
(el
_11+1-10i
Seddd
12-10i

2
2(6-5i)

m\m%

w=

g

z=—-i-1-w
z=-1i-1-(6-73i)

Put

z=—-i—-1-6+5i
z=-T7—i+5i
_ z=-7+4i
Hence,z=-7 +4i,w=6-5i
(i) z-4w=3i
2z+3w=11-5i
Sol. z—4w=3i oy i)
2z+3w=11-5i __ (ii)
From (i) solve for w in terms of z
z—-4w=3i
—4w =3i-z
4dw=-3i+tz K
-—3x+z m

~3i+ &@m

@@@ﬁtwu 22). 11-5'.

7z)+3(—3:+ z)
4
8z-9i+3z=4(l1 sy _
8z—9i+3z=44-20i

3i+z

=11- 51

11z=44—20i + 9i
11z=44-11i
_4a-1u

w==itl
Hence,z=4—i,w=1~i

| (iv) z+w=3i

22+ 3w=2
z+w=3i (i)
27 +3w=2 (i)

From (i) Solve for w in terms of z
z+w= 31’
w*3i—

put w = 3i—
Q@Bz p.

2z—32 2-9i
—z=2-9i
z=-2+9i
putz =2+ 9i in (iii)

Sol.

(lli'j




w=3i—(-2+9)

s
w=3i+2-9j Mg 2.
Cw=2+3i-9i QX{ A
; w=2-6i Q m w
Hence,z=-2+ 9, w= %% 1+9. :
o) ; _5-15: -
v) 2z+(3+1i) W=
Z2-(1-Hw=2 | o 10
Sol. 22+ 3+Hw=1 (i w=i—£i
z-(1-)w=2 (i) , s st
From (ii) solve z in terms of w w=l— i i
z-(1-)w=2 | NG
—z=2+(-Hw | 15 ofe PR o
22 (1o w Put W 5 2! in (iii)
z=-2-w+wi ___(iii) z=-2-w+wi
Putz=-2 -w + wi in (i) : s i_zi 5 _1__21. :
2Z2+@B+)w=1 P 2 :
2 (<2 —w+wi)+ 3w+ wi=1 @@ A
4 dwH2wi+dwtwi=1 70“ s eging)
__2W+3W+2Wi+wb IK‘K@W\S ¥ 3 1 3
= i =2——+—i+—i——(-1
wiawes  OOIIPE T 2ma-dedindi- 3
w(l+ o
: e :
: : Z2=-2——+—+—i+—i
= e 2.3
1+3i | _—4-—1+3+3i+i
e S . 1=3 THxs D 2
1+3i 1-3i s T
il { 7= —
oo '
(1) -(30) z=-1+2i
w=-5—_3-§:— Hence,z=-1+2i, W=——=i
1-9i :

Sdlve_d__ Review Exe rcise 1

answer:
() B+it= %“@K%
(a) -1 Mo e e g | @2
(ii) Real parto )2 + 3i) is:

@ -3 (b) 1 @4 @ 13




s s———— AR L .

(iii) Imagmary part of (2 i) (2 +i)is: . .\EGS
@) 0 “(b) 1 @@W@‘S@

(iv) x+ iy will be pure imagi
(@) y=0 (b)X% (d)x=0,y=0
(v) What is additive.i

(@) 5+2i _5 0y (rs=2i7. (d) 5 +2i
(vi) What is multlphcatlve inverse of z=1+i? :

AR CLICY: e
@ 1-i ®) i gy ORI
(vii) If z=4 — 3i, then zz = '
(a) 3 (9 (c) 16 | (d) 25
(viii) Conjugate of 9 — 4i is: -
(@) -9 - 4i (b) 9+ 4i ©)9+9i (d) 4 -9i
(ix) Ifz=4 + 4i, then z+z = :
(@) 8 ®)8+8 - . (c)8i ' (d) 0

(x) Ifz=>5+ 4i, then [z =

@) 9 (b)25 (@41 ) BTN
mwm.- ' o Wl asiichag
@ 0 dy 13 (i, %‘@%ﬁ\}yz; |
(vi) '2‘“%‘ ("W& - x) 8 By a4l

2. ()Is'"0"a complex number? Etplam _

 Ans.Yes, every real number is a complex number w1th an imaginary part of zero. It can
be written as 0 + 0i.

(ii) 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) B x M

Sol. #7 = %, i = (D) Bi=t-Dhi=li=ii Soleilxil=gb = P4 = (:~)”—( 1Hi2=1

(iii) ()

Sol. (=07 = __lig ( m) éi\ %@@U@@w@ @

Qliix()l) i —txixi =lxi =i

i
—}(—..-. — =]
1

—i i —iz —( 1)




(iv) 3-4i)(5-6i)

Sol. (3 - 4i) (5 - 6i)
=3(5 - 6i) -4i(5 - 6i)
=15 - 18i—20i + 2420 ﬁ

= 15-24-38i “
=~9-38WWWO

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

Sol: Given thatz=8 + 9
' Additive Inverse

Multiplicative Inverse = Z s

Sol: 2, =3+ 4
Z, =3_-4f
2, =2+ 3i
Z, =2-3i
L.H.S ' _
Z1+2zy =3 +4i)+@2+3i)
=3+ 4i ¥ 2:k3)

=3+2+4i+3i=5+7i

Z+Zz = 5+Ti =5=Ti

(i) zz,=2z2,

Sol*zl'-3+4r “
21“3 W
Zg—2+31

Z, =2-3i

(‘) 3 +4:) (5 - 7i) @0@@@“

'3+4; 5+71 3(5+7z)+41(5+7:)
5-T7i 5+71 _(5) ﬁ(—h)
15+211+20:+28: 15441 +28(-1)
I (49%~1) . . 25449
_15-28+41i _ -13+41i 13 4l
SN =y 74 74
= (8 +9i)=—8-9i
fo b :
8+9i !
e W@O@m
64 —(81x —1)

8 9 8-9 B 15

- 64+81 145
S. Mfzi=3+4iandz;, =2+ 3i, then verify that
D z+z, =z +2, :

145 145

R.H.S :
i] +Z, =@-4)+@2+=3)
=3-4i+2- 3:

W@sﬁf@ =

m@i




S | | SN -z'l
(m) (zzJ z,

LS
L
B o
_3+41 2-3i
S 213 3 3

LH.S
z1zg =(3+4i)(2+3i)

=302+3)+4i(2+30)
=6+9i+8i+ m
=6+ LN

R.H.S

@@g@a@@
Q@ (2 - 3i) —4i (2 - 3i)
& - =6-9i—-8i+ 1272
=6-17i+12(-1)

= i =6-12-17i
= 1% mibaPl
2,2, =6+17i =—6-17i Hence, verified that z,z, = Z,Z,

Sol.z|—3+41,z_2=2+3f
Z,=3-44,2,=2-3i

3(2 3z)+4:(2 3i)

e m@

6— th\k
e (*fx(—l))
6-i—(12x(-1)) 6-i+12
UG BRI
_18-i 18 i
BT T

(4 N OT i

_ @@@@

R.H.S
Z 34
L ey

3=-4i

+©m

z) 4i(2 + 3i)

- (3i)*
6+91—81—~121
T 4-09x(D)
6+z—12( 1) 6+i+12
4-(-9) 4+9
18+i 18
g BT
(21 &

B
.- 43 13 713 12

) Izn|'=|-zn|'
Sol. z, = 3+4i

z, =3-4i
-z, =—(3-4)=-3+4i

LHS=|z;] =]3+4i=

Hence, verified that L“"’J

@Q&W@ i

+16 \/— 5

RHS=|-Z| =)
Hence, v erified that |z;| = | Z|

\/(—3) +(4) =V9+16=25=5




o ft!"t-‘ g™ ™ 5 — 9% ik

(v) 72 I=Izz
Sol. z, =2 + 3i

- Ws
~ Hence, pro that z2 =z,

: P
(vi) z,z, =|z[|
Sol. B=3+4
&= 3+4i =3x8l

2z, =3+4)(3-4)
 =OR-@ip
9-1612
T3 (10 %=1)
=9+ 16=25

6.1fz, =5+ 4i, zz—3+2:,thenfud ;

(D) zzy
Sol. zy=5+4i 2y=3+2i ®

11

212, = (5 + 4i) (3 + 3) QYX

=53 +2i ()
=15+1 127+ 82 '
=15 +22i + 8(-1)

B & b 00 5 SR

=k 200

Z,

(iii) z,z,
Sol.z;=5+4i,2,=3+2i
z! =5—4is z; =3—2i

2z, =(5-4)@3-2)

=53 -21)—4i(3-2) W
=15- 10:'—12:4@%@

e -8

=7-22i'

Z,

R.H.S
lz,| =3+4i|= JOP + (4)
=J9+16=+/25=5
lz)f =(5)2=25

Hence, verified that z; ;@=

Sedi S Bedly

T
_ 5(3-2i) +4i(3-2i)

= X
3+2i 3-2i

15-10f+12:'-‘8£2?

154 2i-8(-1) »

(3)” - (2i)? 9—(4(-1))

154+2i+8

23+2:

9—(—4) 9+4

23 . 21
+_
1351130 43

(iv) |zyz,|
Sol. z;=5+4i, ;=3 +2i
212 = (5 + 41) (3 2 21

(
Wﬁ,+3,
+22i + 8(-1)

=15+22i-8
=7+ 22§

=[7+22i|= (7 + (22 |
= J49+484 = /533

2125




7 Find real and imaginary parts of z= (2 + 7i)! w@

T g

2+7i
& 1 Zﬁgﬁ I[\\UOQ
N o
I =i 2-Ti

TR =(7i)} 4-497 4-(49x-1)
CAsH g g 9
" 4449 53 ‘53_53

Wt g 7
so, real part—.53 , imaginary part = 53
8. Solve the given simultancous linear equations with complex coefficients for z

and w: ,
Z+2-w=4+i
Z+3+Hw=3+3i

. o
Sol.iz+(2-w=4+i_____ (i) @@ﬁ@ @
iZ+@B+w=3+3i ___ K\}
subtract (i) From (ii) %m .
. )£+(3?W
£+ Q+Dw=4 +

[B+D)-2-D]w=-1+2i
B+i-2+w =—]+2i
(1+2D)w =-1+2i

~1+2i
i T

e LA S0~
e e TR e e

—1+2i+2i-4" -1+4i-4(=1)
I~tx-1) - 1+4 (I
Sl 334 @@@w@O@@D

R
P

Sadn
pljtw—s 5 into (i)




5 5 5 5 :
8.3 ;
:z+§—g( I)+[-5-——]: =4+
s

I-Z+?+I. =4+ |

iz+2+i =4+] :
iz —4 2+i—-i=2 = iz=2

@@@7@ g

S0, Z = —2i, W= —+—I

9. Solve (3-4i)(a+bi)=1+0i and fmd the values of a and b.
Sol. 3-4i))(a+bi)=1+0i ' -
3(a+bi)—4i (a+bi) =1+0i
3a+3bi—4ai—4bi2 =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 i unagmary parts with imagin arts of
both sides. | @@
© 3a+4b=1___ (i), —4a+3bo 00 .‘ w
Multiply (i) by 4 and (ii) by 3
12a+16b=4 (n BT )

Add (iii) and (iv) .
: a+ W
~124 +9b=0 _




4 @ cOWY
W @@@W
33@@@ Q@ .

16
25x3 +25 — =
. X Ja x 25 I, 3 |

15a+16 =25
758 =25-16=9
3_9_ i
s T

3

o3 W@ ol
s0,a = 25 b= _ @
10. Solve the equatlon for x 2(x -2y +2i—-1
Sol. (3 - 2i) (x +yi)=2
M yi —-2x 4y1+21—1
3IX-2¥(=1)=2xi+3yi =2x-1-4yi+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 sidés

Ix+2y=2x-1 s =2x+3y=-4y+2
3x—2x+2y=-1 , 2x+3y+4y=2
_ Xtqy==F. = (1) , XxFrh=2:-ih)
Multiply (i) by 2
2x +4y=-2 - (iii)
Add (ii) and (iii))
2K +7y=2
+4y=-2
Iy=0"

0

i TR
Masee %\mm@ﬁm 2

So, x=-1,y=0
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= Objective Type Questions
? T MVZ TRV NSRS
. Additional MCQ's

p

Multiple Choice Questions prepured in the light of new Examination Techmques
(Knowledge, Understanding, Application, Analytical & Conceptual) /g

Complex Numbers

Q Encircle the correct option.
1. x*+1 =90 has real solution.

(a) one (b) two (¢c) no (d) three
2. iI= :

@ V-1 (b) £l (c) 0i (d)
3. 7= :

(@) i (b)) 1 (c) -1 (d) —i
4. iB=

(@) i (b) —i (©) '@ @ m
S. The imaginary unit is representedYb {i@ S\

@ a ®) in
6. The idea of complex nu ed in:
(a) 15t cenw tury (c) 17t century (d) 18t century

Rectangular Form of a Complex Number
7. Which of the following is a complex number?

()7 (b) 7 2 (¢) x +yi (d) x*-1
8. The real part of - 3 + 4yi is:

(a) 4 (d) y ()i (d) -3
9. D=

(a) 1 (b) () ~I d) 4
10. Ify =0, the complex number is said to be: |

* (a) real (b) imaginary (c) even (d) prime

11. The imaginary part of (5x — 7i) is: : :
@5 (b) -7 (c) x (d) i
12. The real part of (8 + 2i) — (4 — 3i) is: %

(@) 8 (b) 4 ©2 @ i
13. The imaginary part of (7 - 4/) is:

(@) 2 B W(‘gp’ﬂ M\ll d) —4

' (\W@w\ﬁ' Complex Numbers

14. Ifx+yi=5-9i o

@9 NJW—S' (€) x+5 R

15. If2a+(b-1)i=10+4ithena=
(@) 5 (b) 10 (c) 2a+ 10 (d) 2a-10




16.

17.

18.
19.
20.
21.

22.

23.

24,

- 28,
26.

27.
 28.
29.
30.

31.

Ifz=3+5;

If(Gx+2)+ 4i=14- yi then x and y will be:

(d) -2

‘&‘ﬂ

(a) 10

@x=4y=3 () x=—4,y=4 o(&@&@%ﬂ@n@“ Y St
If -5x+yi=-10 theny =

(a) 9+ 15i (b) 6+ 8i (c) 3-5i (d) 9+25:2

If z = x + yi then -5z = . '

(@) 5z=-5x+yi (b) -5x-35yi . (c) x—Syi (d) 5x+ Syi

By adding (4 + 5/) and (-6 + 7i), we get:

(a) 6+ 12i (b) -10+ i2i (c) 10+ 12 (d) -2+ 12i

@-3)-Q2-5p=

(a) 2+2i Lo (by@=3i (c) 6 - 5i (d) -2-

G+2)+(3-7H= '

(a) 2-5i (b) 15-9i (c) 8—5i TR g

(4+D@-0= m

(a) 20 (b) 17 : O(c)@&‘i @W@@ 6

1+i @

1=1 in the form of a 4@?& Q&

@ 1+i (© -1 @i
Mm Properties of Complex Numbers '

The complex numbers has the clouser property and:

(a) Division (b) Subtraction
(c) Only addition - (d) Addition and multiplication
Which is the associative property of complex numbers?
(@) 2,(29Z3) = (242,)2, ®) z, +z,=2, + 2
c)z+0=2z (d)z-z=0
Which is the additive identity of complex numbers?
@ (1, 1) (b) (0, 0i) (c) (1, 04) (d) (1.9
The multiplicative identity of complex numbers is:
(@) (1+0) () (0,00) © (1, 17) (d) (—z i
The additive inverse of (7 — 2i) is:
(@ (2+7) (b) (-7, -2:) mﬁgaf -7+ 2:)
If z and w are multiplica¢i
@0 (d) —i
For any two ¢ z, and zz
. X 2
@) zz,=2,%tz, (b) zl+z2=;;' () zj+tzy,=2,+ 2 (d) 71-5=7




32.
33.
34.

3s.

36.
37,
38.
| 39.

40.

41.

42.

43‘

44.

45,
46.

47,

The mimber (2-7iis equwalentt @“ 1 =
(@) @2,-7 () Q¢ 271 d) 2-7,9)

z =-T7i can be represen : | :
1) (c) +7i Cd) @=Ty

(@) (7 +-i)

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 = 8?7

(a) (0, 8) (b) (8,8) (c) (8,0) d 8,9

m 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+bi?
What is the conjugate of —4 + 4;? -

(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 _(d} o @ﬁj@}
G+l =2mi m@'
(@3 (b) 3i @@i\@ V@ si

The conjugate of — ll: is: O
(a) 11/ % (c) -11i (d) 12
Properties of Complex Conjugate

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

(@) zz, . ®) 2,-z, (c) 2,+2, d) %7,
Forz,=4+3i,2,=5-2iwehave z, +2, =

(@9-i (b) 9+ (c) 5+5i (d) 4-5i
Ifz=-3+ 7i then z

(@ —-3-7i (b) 3-7i () -3+7i {(d) 7-3i
Iz=3-7ithen z.2=_ 2

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

Ifzisa complex number then z.z =

(a) |22 (b) Z+Z (cj 2z am
If z=8 - 3i then |z]| = @@

(a) 53 - (b) 63 O Yﬁf\\ (d) 83
]j\'w@&‘f.ﬂfo‘ifulus of a Complex Number

\J\.J
Ifz=13 +7i, \H
(@) 13-7i (b) oo (c) 812 (d) 218




48. If z = ——\6 —Jgi then Izi =

49. (4+302=
- N
@@+32 - O -2 © @0 @ G

50. If z is a complex number then Re(z) =

-
(a) ETH

51. Ifzis a complex number the Im(z) =

Z+Z oS
(c) s e

® 2 e é%@&f@ 2

a (23] W@m\\@b

5z+31 J (5 30 : PO Ry F45°
(a) 3_; (®) 1.5 ©) S5z-3i @ 5z-3i

1, pol Uy 3Ty PRSE Be 6. 16% century

T x4ty & e e 10. real "11) 27 12. 4 13.
g 0188 16. x=4,y=-4 17. 0 18. 9+15i
19. -5x-Syi 20. -2+ 12i 31 8427 22 ‘851 23
24, i 25. addition and multiplication  26. 2z,(z,z3) = (2;%))z, 27.
28. (1+0i) 29. (-7+2i)30. 1 31. zy+,=z,+z 32 (2,-7) 33.
34. Jear_lArgand 35. (8 0) 36. a—bi 37. 44 38(3:\ 5;&

39. 5 40. 11i 41. Z+Z; 42, 91 45

4({6
%. 1B 4. 28 ﬁ\ @\ﬂ _3;)2 (Wj} i
__ 1 : \ R

: Z—E q\\l
51w 8 Jﬁsz 33'

-4

17
(0, 07)
©,-7)

jzf?




// Addlttonal Short Question ’,,J
o _ O LR e 7

/ | Short Answer Questions prepared in the light of new Examination Iethmques /
(Knowledge Undersmndmg a\nphcation Analytncal & Conceptual)

T— e AR iy )

NN Complex Numbers

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
positive, there is no real number that equals —1 when squared.

3. Howiis lmagmary 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,

Sol i27 = 126 x 1—(1’2)13 Xi=(=-1)Bxji=—1xji=—

5., Simplify (—)7 333
Sol. (_ll)mll‘? = (-1 x )17 =(- 1)1?(,)17__](,)16 W@ @
=t i=1) xi=1 G U

m Rec@hﬁqrﬁf(ﬁm&f\rﬁom plex Number

6. Whatisa "purei " number?
~ Ans. A complex =X + 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. Given thatz=7 - 11
The real part Re(z) is 7.
The imaginary part Im(z) is -11.

m 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 = X,)
and their imaginary parts are equal (y, = yz) ©fj

10. If a + bi=9 —13i, find the values of a a \-7 (eJlo

Sol. Given thata + bi =9 — 13; 7
By the principle of equality> \ ;’”K\ Q‘X\UM
Equating the real part u\n‘nagl
a=9

11. Find the valM X and yifGx+3)+(S-y)i=7+ 3i.

Sol. Given that 3x +3)+ (5-y)i=7+3i

nary parts




12.

Sol.

13.

Sol.

14.
Sol.

1S.

Sol.

16.

Sol.

ST
EF-3

w@%

So, x=2,y=2
0, X 3y

5-y=3

If z =1 - 2yi then find -3z.

z=1-2yi
-3z =-3(1 - 2yi)
=-3 + 6yi

Simplify: (17 - 7)) + (19-7i)
(17-7))+(19-7))

=17-7i+19-7i

=17+19-7i-7i

=36-14i &
Simplify: (21 - 12i) - (—1 W
21-12) - (-

=21-12i +

—21+ll—l-21-17:

=32-29i

Simplify (5 - 3i)(4 + 7i)
(5-3i)4+ 7

=5(4+ 7)) - 3i(4 + 7i)
=20 +35i-12i- 212
=20 +23i-21(-1)
=20 +23i+21

=41 +23i
Ifz,+2,=19-1liand 2, =3 - 7i
then find z,. '

2, +z,=19-11i
2,=19-11li-z,

z,= 19-11i~(3-71) %
z,=19-11i- :\ \\\@
z,=19 ]@M
2,=16

1.2 Algebraic Operations on Complex Numbers

17. Express (2+~/§i)(—7+2i) in the

form of a + bi.

Sol. (2+3i)(-7+2i)

—2(—7+2;)+%
I + Zs/_z

—_14+@= T3+ 2431
=—14+(4- 7V3)i- 2V3
= (14— 2V3) + (4= T3)i

Q

@

18. Find the complex number z if

Sol.

z=(2+ )3 - 50
z=2(3 - 5i)+i(3 - 5i)

ol 6—10”.?%?;&@

So, z,=16~-4i




19. Simplify (7 - 3i) + (6 +2i) and write in the form of a

+ . @Yﬂ\m
42232 18t) @ 5

Sol. (7-3i) + (6 +2i) -
7-3i
T 6420 ﬁx@&\g-e
Lt 62 oo TR 7
"Rt 6 36-32i 36 32
_ 7(6-20)-3i(6~2i) TR Y- o
(6) -2 9 4.
42 -14i—18 + 6 T
~ 36-(4(-1)

Properties of Complex Numbers

20. What is the Additive identity of a
complex number?

Ans. The additive identity of a complex

number is 0 = 0 + 0i. When this is

added to any complex number z, the

result remains z. _

Ile=2+3iandz2=4w

that the commutatij K of

addition ho '

Z;=2+3i,2,=4+|

1+ =2+3)+(@4+i)

=2+4+3i+i=6+4i

=@+H+(2+3)

—4+2+:+3:—6+4:

Since both result are same

21 ¥,=2+z

Write the Associative property for

multiplication of com plex

numbers. : :

Ans. For any three complex numbers z,,

2, and z,

Cap=zEe) o
23. What is the multlpllcatlv
in the set of comple; \ ?

Ans. The multipli '*of ¢ 1dentity in the
complex numbers is 1 = 1 + 0;.

21.

Sol.

Ltz

29

o B

24. Write the additive inverse of
z2=9-7i

Sol.z=9-7;
-2=—9-17))

e

tive inverse of 9 — 7/ is

25. Find the multiplicative inverse of z

3 -5i
Sol.z= V3 _5;
e e v
V3-5i
z_,=___1 x£+5i'
3-5i \3+5i %
S V3+5i \/_+51
: (\/_)1 (51)2 3-257 251
Q@@;&& o 3+5:
3428
Ly
28 28




26. 1fz, =2+ 5i,2,= 7~ 3i then verify that 2, + 2,=2,+12 8 @ @@)@
Q :

Sol.z,=2+5i,2,=7-3i 2 mith \\i Wg |

LHS . sz“ b2p =7 -30) + (2450

7tz =R+ 50+ (159 N =7-3i+2+5]
K =7+2-3i+ 31

=2 4 SN N e
- Si—3i =9+ 2i

=9+2/ Hence verified that z, + 2, =2, + Z,

13 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 - 3i. .

oI

.

EEXN  Conjugate of a Gamplex Netmiber |-
30. Define the conjugate of a compl . x\%l\j LY
: ined as the complex number x — yi.

Ans. The conjugate of a co
conjugate of any complex number z.

31. What is the simpl :
Ans. To get e complex number z, simply change the i/ by —i in z. For
example, 3151 is the conjugate of 3 +5i. |

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

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

Sol.z=19-7i

z=19-7i

z2=19+7i

z=19+7i !

z=19-7i =z o

So, verified that Z=12 o ]@0@(@ :
34. Ile=4'+3iandz,_= i R\}f@ ,+zz=Z+z_2
Sol.z,=4+3i ,z=- i :

.z, =4 - 3NNR S5+ 7i

L.H.S W

7tz =(4+30)+C5-T)




=4+3i-5-7i=-]1-4i a@ iﬁﬁ
o S —1—4i =-1+4i @W
RH.S @ ‘
Z+2z, =(4- 3a+(—5@mm
4-3i-
So, vcrtch— z,+z,
35. Ifz; =11 -4i, z, = -5 + 4i then find z,2,.

Sol. z,;z, = (11 - 4:)(-5 + 4i)
= 11(=5 + 4i) — 4i(=5 + 4i)
=55 + 44i + 20i ~16
=-55+64i— 16 x (~1)
=55+ 64i + 16 = -39 + 64i

Z,Z,= —39+64;
=30 64

m Properties of Modulus of a Complex Number

36. Ifz-—-3+\f_,showthatlz|=fz|
Sol.z =-3+ .[5; - @@@ﬁ@@
Z--.:-\.Sl mm“
=13+ 151‘- ) —'JQT \/— ........

=3 - 1= \/(—3)2+( \/_) =9+5 \/— ........ (11)

Hence verified that 2| = | 2| (from (i), (ii))

37 HZ=7-—131, show that ZZ=IZ| . 38. Filld the modulus of _7—.\/Hi_
Sob z=7-13
Z =7+13i _ Sol. Letz = —/7 —V11i
2z =(7-13i)(7 +13i) o €Y v
= (72 - (137 sl
=49-(169 x-1) : = J(_ﬁ)2+(\/1—1)2

=49+169=218......... i) Kﬁ@
2l =[7-13i= /() +(=13)? 7% 10@
= J49+169 = 218 Q Q@@@ é@(
22 = (7/218)° ““m &

zl2 =218...

Therefore 22 =z " from (i) and (ii)




39, Find the re

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

[X1+fy1
x2+iy2

Sol. Letz=(3 - _
1
~ (3-5i)
1 3+5i
= b4
3-5i 3+5i
o S8 3+ 5i 3+5i
=P+ T 9-@25%-1) T 9425
A s R AR
~ 34 | 3Ny
ey W0
e(z)—h 345 m(z)-_ 34 . f\
i H 4 4 o w - e [
40. Find the rea.l-;md imaginary parts of (1-1) {'76,:;\._ @@)@\J
Sol. Letz= (1 1) Q \\m\ ( mthjua
z DRI
Al TN S
(1 ) WM r‘-\j-\"" S
ANINNN
( 1 1+
= | ——X——
1=§ 1+1
s 1+ # |
-0 )
(1+i)° 1424+ 1+2i+(-1)
“feenl Gall @
_1+21‘—1 ﬂﬁ—li—o-k-l—:- i
= 4 g s 2asz—x iy
o |
So, Re(z) =0, Im(z) = 5
) 2 o




