RD Sharma
Solutions
Class 11 Maths
Chapter 13
Ex13.1



Complex numbers Ex 13.1 Q1(i)

We know that! = /-1

iZm=1
-3

(% ==

=1

In order to find /* where n > 4, we divide » by 4 to get quotient p and remainder g, so that
n=4p+qoig<4
Then i =¥+
=i% w?

= {i‘)p wi¥

=17 xi?

o ]

Hencei® =i, whereo<g < 4
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Complex numbers Ex 13.1 Q1(ii)

We know that! = 4f=1

In order to find /" where n > 4, we divide niby 4 to get quotient p and remainder g,so that
=404+ q,0&g < 4
Then i" =i ¥*7
=% e
= (.'"‘)P s i7
=17 % /9
m [ lP-1]

Henoe " = ¥, whereo £ g < 4

n }'523 - i‘hlﬂ
132
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= 113‘2

=]

{."523} =1

Complex numbers Ex 13.1 Q1(iii)



We know thati = /-1

In order to find /* where n > 4, we divide n by 4 to get quotient p and remainder g, so that
n=4p+qoig<4
Then i7" =i%*?
=% 7

= {."4)F wi?

=17 x/7

L

Hencei® =%, whereo sq <4
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o
1
T 1xif
-_il [+i% =-1]
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We know that) = /-1

iZm=1
‘3

¥ ==

‘=1

In arder to find /" where n > 4, we divide » by 4 to get quotient p and remainder q,so that
Ned4p+g,053< 4
Then i® mj%*?
=%

- (j‘*]p w7
=17 %xi?
= [? [‘.' 1‘*}'1]

Hencei” = %, whersosqg< 4

a7, 1 aww i 1
PP = i g
J-ET J‘*N’xj3
=1xi' + 1_3
1=
—a+-r1 %1
¥l
e
i'ﬁ
;
=f = ['.'f4=1]
1
=2
.3? 1_ 5
! +ﬁ_2,

Complex numbers Ex 13.1 Q1(v)



We know that/ = =1
i%a-1

;3

i¥ ==

i*m1

In order to find * where n > 4, we divide n by 4 to get quotient p and remainder g, so that
R=4p+q,02gq<4

Than j* = j ¥
=% 7

= [."4)p =¥
=17 »i¥

]

Hencei” =i, whereo £g < 4

2]

= (J. B J.]a
=0

Complex numbers Ex 13.1 Q1(vi)



We know that! = /-1

e |
.3

i

=1

In order to find * where n > 4, we divide n by 4 to get quotient p and remainder g, so that
n=4p+g,0sqg<4
Then i® =i%*?
=¥ 9

= [."4r xi?
= 17 %j¥
- i? [ 19-1]

Hence!” = |7 whereo £q < 4

+ ! il U7 o2 4 wf Wl

{,—?? +f-?ﬂ w

y . 2 . o . e
3?4_,414) = (ﬂ-ﬂulg 421 3_._,4::1']3 2)

={1x!'+1xi2+lxl'3+1xr'z)3
-(i-1-i-1)°

- (-2’

=-8

. ; . . 3
[JT?+|,TD+,B'." _H4[4) = -8

Complex numbers Ex 13.1 Q1(vii)

We know that = J-_l
PR |
-3

i¥ =

R |

In arder to find /* where n > 4, we Eiiuide n by 4 to get quotient p and remainder g, so that
ned4p+q,0:23 <4
Then i® =%+
=% %

- (i4]P x ¢
= 17 ¥
= [ 1P-1:|

Henoei" = ¥ . whereo s g < 4
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i - 40

3 60 _ i 2 i4el0 | delS

*! =1 WiT

=lxi¢+1+1
==1+1+1



Complex numbers Ex 13.1 Q1(viii)

VWe know that! = -\,‘-1
P |
i

i“m]

In order to find " where n > 4, we divide n by 4 to get quotient p and remainder g, so that
ned4p+gq,0%59 <4
Then i® = j%+¢

=% x?

= [ 1o=1 ]

Henoei® = ¥ whereo g < 4

jI9 5 R 00 0 12 Y T 2R L 3T 2
=1lxi+1+1xi+1xi®
=i+l+i-1
= 2]
L i 88 B9 10 o
Complex numbers Ex 13.1 Q2
T4 0 B0 B0 g B T S T 2
= 141xi® +1+1%i°
=1-1+1-1
= 0, whichisreal num ber
Complex numbers Ex 13.1 Q3(i)
REBNEL-- B NS I 5 v-BUNS W S L -2 L - -

=lwi+l+1lmi+1xi?
f+1+0-1
=2

R T A TR,

Complex numbers Ex 13.1 Q3(ii)

;30 (B0 G120 cde? 02 k20 430
=1xi®+1+1
=-1+1+1
=1

30 490 4130

Complex numbers Ex 13.1 Q3(iii)



P+t

+i? 1+ (-1 +{-1)+1
]

SR L L R

Complex numbers Ex 13.1 Q3(iv)

T 01T el Ly R R e
= lxi+lxi®+1xi?
=/-1-1
=-1
R
Complex numbers Ex 13.1 Q3(v)
(592 ;590 ;588 ;586 (584 . (148 14T G2 cdeldT | odeldE 0F L cdeld6
(TEZ 790 (578 06 L 574 [Ae1dD 2 | de145 4144 2 L Asl4d | 4143 2
1+1xi+1+1=i%+1
Toi®+1+1wiZ+1+1ni°
1-1+1-1+1
-1+1-1+1-1
1
-1
=-1
. (592 | 990 (SeE 988 | (S84 ¥ 4
(562  (SB0 ;578 (STE 574
Complex numbers Ex 13.1 Q3(vi)
1+i2+i*+i%+i% 4, 4%
T I T I T T ke L e R

1-1+1+1 =2 + 1+l "+ 1+ 1mi®+1+1mi®+1
1-1+1-1+4+1-1+1-1+1-1+1
1

Complex numbers Ex 13.1 Q3(vii)

(1) (1= = (1] (1)
- [1+i%+2) + [1-3+32-1%)
—(1-1+2)P 4 [(1-F-3+1)
- 8°-2-3

- -8-2-23
~2-10
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Complex Numbers Ex 13.2 Q1(i)

fL+i){1+2i) =11+ 20)+i 1+ 20)
= 1+ 2 + i+ 2i%
=1+3-2
==1+3

sfr+)1+2)=-1+3

Complex Numbers Ex 13.2 Q1(ii)

3+2  3+2 (-2-V)
e (-2 +/) g
B 3{—2—."]+2."I:—E—.'}
- F AE
(-2)"- ()
_ =6=3i-di+2 ["—."2—1]
 4+1 ' -
y -4 -7

[Ratinnalisin g the dannminatc\r]

[ (a+ib)(a-ib)= at+ bz]

) EI+2."=—_4_L.
-2+j & E

Complex Numbers Ex 13.2 Q1(iii)

1 i
[’IEH]z 22+[:J']2+2x2x."
1

d-1+4
- 1
T
1 (3 - 4
= b4
[3+4) [3-4)

e E [ (a+ib)(a-ib)= & +b7]

[onrationalising the denominator |

Complex Numbers Ex 13.2 Ql(iv)



1:: - E ::% u E: :; {Ratiunalising thedenomin atcvr}
P
= {112__:32 [ (2 +ib)[a-ib) = 3" + 52]
- 12 4i2-2xixl

Complex Numbers Ex 13.2 Q1(v)

. 3 3 .3 R R
ti"';} _2 + i +23x§.x1'[2+"] [ {E+b!3-63+b3+3§:‘{5+b]]
+ A + 3
[Et—."+E|."[:2+r':I] (2-3) _ ¥ .
= T, CPET (Onrationalising the derominator)
[EI - #12 +5:2}(2— 3)
i 2% 4 3%
B-6+11)[2=-3
= [ + 'I} { } ('I- {'2 - _1)
4+9

[2+1v)(2 - W)
13
4-6/+22/ +33

(2+/) 37 16
z —= — +—1
2+ 13 13

Complex Numbers Ex 13.2 Q1(vi)



{1+4] {14- 4’?-.1} 1‘14-.‘@ +a{l+ﬁf

1-4
1++3 +i--8 5
=i — I t, =_1]
‘1- J_] H [1+ J_] {i:} {rationalising the denominator)
_ 11 1'—}{1+.']+J¢1+~J'—}[1+.']
14 4 1¢

1+1i —~.J‘5[1+."} +i {1+." +-\5{l+i]]

2
1+J—ﬁ—ﬁn+.l{l+i+ﬁ+ﬁ)
2

\JE+J «JEr+.'—1+u"§.'—~J'F
-2-\54-2!
2

=3 #7

b M =3 +i

Complex Numbers Ex 13.2 Q1(vii)

243 243 {4 5i)
445 asg [4- 5']
2{4- 5.']+Elr{4 51}
4% 4 52
8-10F +12/ +15 . 24
16 +25 { '_]
_ 23+

{rationdising the denominatar)

243 23 2
4+5 41 41

Complex Numbers Ex 13.2 Q1(viii)

(L- a] 1P -iF - axixi(l-i) wfa-8)* = a%-b3-33b(a-b)

1-4° 1-(-i) andi® =
1={=)-3if1-4)

. 1414
1+/-3-3
o1+
-2
1+

—2[1+."}
S Tier
- =z
= =2 400

-y

T =-2+0
1-

Complex Numbers Ex 13.2 Q1(ix)



=3 1 [ -3 1]
1+2i) = v I = —
( ) {1...2;‘}3
1
1%+ (201 + 3% 1x2i [1+2i)
1
13+23x.l'3+61'[1+?i]
- ; ( i*a-jand/? = -lj
l1=-8r+6 =12
_1
-11-2
1 (-11+2v)
*
-11-2§ [—11+2.l]
=11+2/
(-11)% + 22
-11+ 2
121+ 4
=11 2
—_— ]
125 125

:{1+mr3=235+ii-
125 ' 125

Complex Numbers Ex 13.2 Q1(x)

-4 I-4
[4-2)(1+/) 4(1+)-2i(1+/)
_ 3-4
g
_3-4
6+ 21
A-H H=2i
T e+ Km
3{6-2/)- 4 [6-2i)
) 62 427
18-6/-24 -2
IG+ 4
10 - 30¢

3-4

1 3.
B CEED e

Complex Numbers Ex 13.2 Q1(xi)



12 Y(3-4 _[1+"-211—4*']]x3—4a'
1= 1+i}\ 541 (1-4i)[1+7) S+
(1+/-2+8]) Lo
L1+ -4f1+1) 5+i
[1+7-2+80) T
-1{1+J'I—41"{1+E}XE+J
o [m1+9) 3I-H
_[1+."—41"+4]x5+.'
-1(3 - 4i)+ 9 [3- 4i)

(5-2)(5+/)
-3+4 +27 + 36
s(e+i)-3if5+1)

I3+ 20
25 +5 -1+ 3
33+ 3V
28 - 104
(33 + 31.-} . (28 + 1EI.'_]

28 -10i 28+ 10
T 20+ 3T 10V + 31 %28 + I/ 210§

28% +10°
024+ 330§ + 2658/ - 310

F84 4100
614+ 1198
S84

614 1198 .
- e o —
HEB4 . BB4
0¥ 599 .
—_—
442 442

[ 12 }[3-44]=au?_*599r
Cli-4 1+ )L 544 442 442
Complex Numbers Ex 13.2 Ql(xii)
We lave

i+ﬁf=i+ﬁfxl+.ﬁf

-2 1-2i 1402

5( 1420 ) +-42i(14-21)
- 1+2

- 5+5.2 +«ﬁJ—2

3
34600
3
=1+2/%
Therefore, 5+“'? =1+2J3i

]—:_r
Complex Numbers Ex 13.2 Q2(i)




Wehave(x +iy)(2-3) = 4+/

= x[2- 3.1']+."}-'[2-3."} =44
= 2% =3+ 2V + 3¢ = 4+
= 2x +3y +1 (-3 + 2y ) = 4+)

Equating the real and imaginary parts we get
Zx 3y =400
=3+ 2y =10

Multiplying {i% by 3 and {ii) by 2 and adding
By =G =9y + 4y = 1242

= 13y =14
_ 14
Y13

Substituting the valusof yin(h, we get

2x +3xﬁ= 4
13

42
=2IN+—=4
13

= 2X=4—E
12
52 - 42
= 2x =
13
= 2x-£
13
g
] o —
13
Henca
¥ = iandy -1
13 13

Complex Numbers Ex 13.2 Q2(ii)



(3 - 2iy) (2 +i) = 10(1+4)

= [ax -Z’y}{EZ-H'Z +2 %2 x.l') = 10+ 10/
=3 -2y)(4-1+4)=10+100

= 3x [3+ 4i) - 2iy (3+ &) = 10+ 10/
=0x +12x/ - 6y/ +8) = 10 + 10/

= 9x +8y +i(l2x - 6y) = 10 +10/

Equatingthereal andim aginary parts we get
Ox +8y = 10............|i)

12x% =6y = 10.....evnnn [if)

Multiplying (i) by 6 and (i) by 8 and adding
S4x + 96x + 48y - 48y = 60 + 80
= 150x = 140

140
— N o=
150
4
= XN= 1—
15

Substituting value ofx in{f] we get

g 0
1t

42
= —+ 8y =10
c ¥
42
By = 10 = —
= ¥ =
- a =5|:I—42
g
a8
By = —
= ¥ 3
= ¥ 1
E

Complex Numbers Ex 13.2 Q2(iii)



11+.']x—2:+ f2-3)y+! i
344 3-1

_ (3= )1+ x-2i)+(3+i){(2- 3}y + 1) .

{3+."]|:3- .":I
(3-Mf1+i)x-20(3-)+{3+i)2-3)y+i(a3+i)
= 42 =1
3°+1
_ [S+3-i+1l)r-Bi-2+[6-9+2 +3)y+3-1 _;
9+1 B
- [4+2."]x—6!—21:]{9—?a'ly t¥-1_

= AN+ 2K -6 -24+9 -Tiy +3 -1=10/
=4+ 9y -3 +0 (2% - Ty - 3) =100

Equatingreal andim aginary parts we get

4y 49y = 3= I:I[.IJ
and 2x - Ty -3 =10
fe2x =Ty =13 i)

Multiplying (i )by 7,{# )by 9 and adding we get
28x +18x + 03y - 03y =117 +21

= 46x =117+21
= 46 =138
= x = 108
46
=3

Substitutingthevalueofx = 3in i}, weast

4x3+9 =3
= Qy = -0
= y=£
2
= wo=-1
Hernce
¥=3y=-1

Complex Numbers Ex 13.2 Q2(iv)



{1+ [x+1y)=2-5i

= 1fx+iy)+ifx+iy)m2-5
= Xy +in—y=2-58
= X-y+ifr+y)=2-5

Equatingreal andim aginary parts wa get
=y =2 .00)
¥+ = =5 i0)

adding (i} and (i) we get
2xm2=5
= 2x = =3

=3
T A
2

Substitutingthe valueofxin{/}, weget

-3
— =2
S ¥

-3
= —-2=
5 ¥

Complex Numbers Ex 13.2 Q3(i)
If z = ¥ +iy is acom plex number, then the conjdgate of z denotedby Zisdefinedas z = » - iy

etz =4-5i
=Z=4+5

Complex Numbers Ex 13.2 Q3(ii)

letz =

1
I+ 5

{Onrationalising the denominator)

Complex Numbers Ex 13.2 Q3(iii)



1
+ =1
2

P =

Complex Numbers Ex 13.2 Q3(iv)

-1

letz = :
2+
3242 2x3xi
ST 2e
_Q—I—El.l'
S 24
_a-a
Y
B-6f 2-17
- 24 3KE-J
gfz-i)-6if2-i)
) 24 41°
16-8-12 -6
T
_10-20:
-5
= zr=2-4
Hence
Z=2+4

Complex Numbers Ex 13.2 Q3(v)



Inad;z':wEEJ_i:I

R
2+ +if2 +i)
B 341
CE+i+2i-1
- 3+

1+30
B A+1i

f1+3) (3-4)

-[3+J']xm

_3-i+aa-d)

TS

I-1+W+3
0+1

6o+ By

10
2{3+4)

BEETY

_ 3+

Complex Numbers Ex 13.2 Q3(vi)

(3-2i){2+3)
(L+2)(2-i

_3(2+3)-2i{2+3)

Coz-i+afz-)

_ B+ -4+

2o+ di 42
12 + 5

B 44+ 3

_l2+8 4-3
44/ -3
12{4- )+ 5 [4-3)

" afa-3)+3i(4-3)
48 - 360 + 20/ + 15

" i6-12+12+0

_ 63-16i

1649

63— 160

- 25

etz =

= 63+ 16/
L Zm
25
63 16

=—4+—1
at 2%

Complex Numbers Ex 13.2 Q4(i)



L L L 1
Ifz =% +ivisacomplex number, then themultiplicativeinverse of z, denotedby z"‘m‘E

isdefinedas z7' = 1
z
_ 1
X 4y
_ 1. xx—ay
XAy =y
_ x-ly
P
_ X Y
X2+y2 xz_”,z
Givean
Z=1-1
Z_l-ﬁl —1—:{_1! wi
1“+1 1°+1
1 1.
= — 4 —
2 2

Complex Numbers Ex 13.2 Q4(ii)

letz = {1 +PJ3_)2

12 +[J'.,I'§]2+ 2xlxi 3
1-3+2%

~2 423

-1 _ =2 ~ 23
(22 +[2B)  (-2)%+ (245
-2 2.3

T 4+12 4412

-2 2.3

16 16

8 2

LE

Complex Numbers Ex 13.2 Q4(iii)

etz = 4-3/
-3
Thenz™! = 4 =- [ ]2
42 4 (-3)° 4% +(-3)
4 3 .
= + i
16 +9 16+9
4 3 i
£ 2t

Complex Numbers Ex 13.2 Q4(iv)

letz = 5+
Thenz""! = ”IE - 3 i
(BY +GF () + 6
o5 3,
540 540
=£_i,l'
14 14

Complex Numbers Ex 13.2 Q5



Ifz =x +iy then|z|= A+l

Wehave,
Iy =2-4,Zz=1+14

Zyt+Zz=2-1+1+]

=3
and  Zy-zZ,=2-71-1-1§
=1-2i
Zy+ 41 3+1
21—22+J_1—2!+J
4
17
_ 4 x1+.'
1-+ 1+
_4fr+i)
1747
4{1+1)
B 2
=2{1+J]
g LZ?'H = |2[:1+."]|
Zy - Zp+i
=|2||1+."|

_ w12 412
=2x\.'§
=2\,"§

Complex Numbers Ex 13.2 Q6

{ |Z122| = |Z1|><|Zz |}



[22+."2—2x2x."}[—2+."]

) e-if
C{4-1-4a)f-24+)
S 224 (-1)?

4+
=3{-2+i)-4if-2+/)
_ -6+ 3 +8 +4

=
-2+ 11s

Complex Numbers Ex 13.2 Q7

[rationalising the denaominator)

[ 27 = |z|2)



1+ 1-1

letz= — -
1-0 1+
iV -1
- (1-f1+1)
12+J2+2x1xi—{12+J2—2x1xi:]
) 1% +1%
o 1-1+2i-{1-1-2i)
- 2
=2."+2."
2
_
-
=7 =2
|z| = |2."|
= 2] [ |[z122| = 21 > |22}
-2 (- fl-1)
=z

Complex Numbers Ex 13.2 Q8

- a+ib
4 a-1b
= [:x +J'y) = (jt:i] {ontakingconjugateboth sides)
_ x—."y—{aﬂb) [2_1]_5
{a—ib) Lz ?2
_a-ib
2+1b
o {x + i) fx - i) = a+ib_a-ib

a-1b a+ib
S xZryi=1
proved

Complex Numbers Ex 13.2 Q9



Forn=1we have,

1 )
1+ 1+
1-7 1-74
1+ 1474

1-7 144
{1 +."]2
1% 417
_ 124+i%+2xlxi
2

2r .2
ey (%= -1)
=i, which is not real

Forh = 2, wehave

1+74 : 1+74
| =i ' —— = 1form above
1- 1

= -1, which is real

Hence the least positive integral valueofs is 2.

Complex Numbers Ex 13.2 Q10

1+/cosg

1-2/cosd

l1+icosg 1+Z2icoss
1-o/cosd * 1+2icosd
1+2/cosé+icosé (1+ 2 cosa)

Fo5 {2 cos -5']2

etz =

_ 1+2icos8+/cosd - 2005”8
1+ 4cos” @
_1—2C0529+3."DII5-5'
1+ 4cos2 g
1- 2cos? e Jcoséd
= o z
1+4cos8 1+4cos &

weknow thatzispurelyrealifandonlyiflmz = 0

Jcosd L
= ] [ Zisgiven tobepurely real]
l1+4cos™ &
= Jocosg =0
= cos&d =10
=% Ccosd = EDS%

. Thegeneral solutionis givenby

5‘=2nﬁrigmef

Complex Numbers Ex 13.2 Q11



I
P
| =
|+
Y
=]

s
S
=

|
—r

; : : Td ™ o s
a”{l+a2—2x1xa) [...?ﬂjugmgpmblemlﬂ]
-

=" f1-1- 2}
= -2/ ="

= —2."”1'1

LForn=1
F = _2||1+1
R T
= 2, whichizs arealnumber

. Thesmallestpositiveintegervalueofnis1,

Complex Numbers Ex 13.2 Q12

[mj*‘ (1_:-}3 ,
— | | — | =%+
1-i 1+ y

= [WJ - [MJ = x + [p[Rationalizing the denomiantor]
(1-iX1+4) (1+H(1-14)

[1+2:‘—1T [1—2:'—1]*‘ _
et - = x+Iip
1+1 1+1
ﬁ[EEJJ [_EE JJ— X+

2 2 &

= (=Y =x+ip

= —i-i=x4iy

= —d=x+iy

Comparing the real and imaginaty patts,
(e, p)=(0,2

Complex Numbers Ex 13.2 Q13



{1-!—:'}1

=xX+1y
2=1

(1+2i-1)
:—
2—1
21 .
= —=x+1y
2—1
21(2+ 1)
(2=1)2+1)
2(2i-1)
=
441
47— 2

=X+

= x + iy[Rationalizing the denonunator]

=X+1y

= =X+1y

2 4 _
= -——+i—=x+1
5 5 é

Companing the real and imaginary parts. we get

2 -

X+p=—
5]

Complex Numbers Ex 13.2 Q14

10
(—J =a+ib
1+i

(+iX1-0

(1=2i-1) 'm:aﬂb
(40

100
:{_—2‘[) =a+ib
2

== gyip

: 100
(== 5}] =a-+ib[RationaliZmg the denominater ]

=l=a+b

Cormparing, we get (a,b)=1,0)

Complex Numbers Ex 13.2 Q15



a=cos P +isin @
14a

1-a
_1+cosf+isiné
T 1-cosf—isin
_ (IHcos@+izin )(1—cos F+isin &)
T (l-cos@-isin &)(1-cosO+isin 8)
_ (I+ecos8+isin F)(1- cos & +isin &)
- (1-cos &) —(1sin 8)°

_ [l+isin 5‘}2—1:0535'

T 1-2cos8+cos’ B+sin® 8
_ 1+%sin &—sin’ 8—cos” 8
T 1-2cos@+cos F+sn- 8
_ 1+ Z=sind-1

T 1-2cos8+cos® B+sin® 8

[Eattonalizing the denominator ]

[+ cos? @+sin® §=1]

_ Zisin#
T 1-2cos8+1
_ 2sin@
 2-2cosd

_ ismné

- l—cos @

oo B8
i2sin —cos —
e B U

25inzf
2
os?
IC032 . g
= _S=1 COT.E
sin—
2

Complex Numbers Ex 13.2 Q16(i)

Wehave,
3-5¢
N o=
2
=5 2x = 3=5j

= 2y -3==5

= {2x - 3)° = (-5)°

=  4x% +9-12x =-25
= 4x?_-12x +34=0
=2[av?-6x+17)=0

= DxT o Bx 17 =0 e [.l]

L2x®rox®oTx 72
=x {Exz - Bx 4+ 1?} +Bx% - 17x + 2% - T + 72 {adding andsubtracting6x © andl?x]
=x w0+ 8x% - 24w +72 [using (/)
= 4[ex® - +17)+ 4
= 4x0+4 [using(i})
- 4

Complex Numbers Ex 13.2 Q16(ii)



We have,
¥=3+2

= x-3=2
= (x-3)° = (2}
= xZ432_2xFuy =-4

=x2+9—5x+4-ﬂ

= xf-Bx+13=0 ..onfi)

I o,

¥ axiraxion+ 44

= lexz— G + 13] +6x2-13x2 -4+ ax? 1+ Bx + 44 {addingandsubtracﬁngﬁxaanl:llEle]
= xZx0+2x7 - 9x? 4 Bx + 44 [ sing 1))

=25 (xz— B +13)+:l2:=f2 _2fx - OxT L8y 444 {en:h:hnu;lam:iEl.rl:ntr.;l-:ting:lzw2 and Eﬁw}
= 2% x 0 +3%° - 18x + 44 fusing{i})

= 3[x%-bx +13)+5

=3x0+5 [usind (/)

=5

Complex Numbers Ex 13.2 Q16(iii)

We have,

X = _1+;','."§
=X +1=."-.,E

=[x+ 1:}2 - {."\(‘2—12 {squaringboth sides)
= x2 41425 =-2

=x?+2x+3= (IR 1

o,
xt e dnd pbx? pdr 40

=x2[x2+2x +3)+2x3+3x2+4x+9

=x2x|:l+2x{x2+2:r+3}—x2—2x+9 [using )

= 2w =0 - [:;rr2 +2K +3) +3+09 (usingfi) and adding and subtracting 3)
=-0+3+9 {using{i))

=12

Complex Numbers Ex 13.2 Q16(iv)



We have,

1+
H=

o
= A 2x =141
= («Exf: |[l+."]? (squaringboth sides)
:2x2=12+|{.}2+2x1w

=1-1+2"

= 9%Z a0
:f: =/

z 2 Y] . .
= {x } =i {squaringbath sides)
= x% -1
=x*+1=0 {1}
M 0w

B |

- xSex?entel

= x’z[x4 +1:]+1[:X4 +1}|

= ¥x0+1=0 {using{i})
=0

Complex Numbers Ex 13.2 Q16(v)

)
X = [-2-43) =4t 4E+37 =1+ 445
J[-2-+3) = -2-8/3-53-127-10-9/3
)2= 1483 + 487 = -47 + 83
2x* 4 5% % - w41 = 2[-47 + 8Y3) + 5[10- 93]+ 7[1+ 4F) - [-2- 3]+ 41
=04+ 165 + 50- 455 + 7+ 283+ 2+ Y+ 41
= (—94+50+?+2+41)+[16J§—45¢§+28@+J§)

=6+0
=6
Complex Numbers Ex 13.2 Q17



ﬂ—r‘:l*[l—lf]!
— - I),[z 1]
={ﬂ—aﬁ—w}

Complex Numbers Ex 13.2 Q18

(1+)z=(1-Dz
sa )T
“aH)

O o
Taeaen

o e
T+

-2

[Fationalizing the dénominator]

Complex Numbers Ex 13.2 Q19



Re z?)=0, |z=2
Let z=x+iy
z =0
=(x+p) =0
=+ Eap-yt =0
= x* —y* =0...(), which is the real part of (x+37)*
lz[=2
. +_}'2 =2
=x 4y =4
Adding (1) and (i1}, we get
2t =4
= =2
:‘*x=i\5,y=iu'l§
x+iy=~.‘r§+i\||'§
= 2-i2
=V2-iv2
= 2 +iyf2

Complex Numbers Ex 13.2 Q20



letz = x+iy,

z=1

z+1

_ x+iy-1
x+iv+l

_ 1ty

+x+1+iy

_(x-14v ) x+1-iy)

(x4 x+1=i)

_(x—14+p)(x+1-iy)
(x+1)2 - ()2

" 24 x—ixy—x—1+y+Hixy+Hy+y

;(2+2:c+1+,1}f2

[ Bationalizing the denominator]

2

B x2-1+ 2:'_1:+y2

e +2.7c+1+y2

x2+_}d2—1 ;
= 3 2+1!
2T +2x+1+y x

2y
2
+2x+1+y

2

“Itis a purely imaginary no. therefore real part =0

x2+y2—]

;r2+2x+l+;r2

=0

i12+y2—1=ﬂ
2 2=1

=X +I}l'

— x2+_}r2=]
=[l=1

Complex Numbers Ex 13.2 Q21



Letz; = x +iw, 257K, Hiyy
la|=1= 2+ =1

_21—1

ZJ =
z+1
x4y :—x1+z-y1—1
&+ +1
= x, +in - F Ty
P xn +14+im
= xtiy = (g~ 1+ 9,)(5 +1_i‘h}[Raﬁ onalizing the denominator]
(xm+1+pyi(x+1-11)
P (% = Dlx + D =iy (m =D +in (x + D+
Y (3 + 17~ @)’
T 7" = 1+yf — iy +0 +D5 +D)
L (x +D% - (1)
1, .2 -
; b T Dl B 5T
= atiy = L 12 - 2'
':I], +1} -':'i.:'ﬁ:'
1_1+2Uﬁ 2 1
=Xt =— |5+ =1
S e - (A ]
21
=, +iw = i =[5 432 =1]

(% +1)% = Gp)
Since there 1s no real part in the BHS, therefore x, = 0.
The real part of thez, = 0.

Complex Numbers Ex 13.2 Q22
Letz = x+ #y
lz+1]=z+ 2(1+1)
=|x+iy+l|=x+iv+ 2+ 2
= {x+1}2 +y2 ={x+ D+i{p+2)
Companng, rea and inaginary parts, we get
:lt'4-2--.,||.1r24-2.7:+1+_}r2 and y+ 2=0 |
y+2=10
=ym=1
& Iix+2]2=.x2+2::+1+;;—'2
::u.'z +4;:+4=-x2 + 2:+1+y2
=2x+3=p
=2x+3= (-2
=2x+3=4

=2x=1

1
=Hx=—
2

1
- x+z‘y=5—f2

Complex Numbers Ex 13.2 Q23



Letz = x +iy

[z|:z+]+2r

Syl Hy H+ 2

o 72+ 92 =(x+1) 4 (7 +2)

=% 32 = () 2 +2 () +2)- (v+2)2 [Squaring both sides]
=52 4 y% = 22 $ 22 +1+2 (o 2x Y +2)= (Y +Ay+4)

= 2p% - 2r+Ay+A=21 -+ 2x+y+2)

=>_}'2 —x+2y+i=i(xp+2x+y+2)

S — 22 =i (it 2K D)=

Comparing we get,

(2 x+y+2)=0

=[x+ y+2)=0

= x=—1& y=-2

Also, (3% —x+2y+2)=0

Taking x=—1, (% —(~D)+2y+2)=0
:sf_y2+2y+31=0

Doesnot have a solution sisice roots will be imaginary
Taking y=-2, (4-x—-A+2)=0

=hx=2

L Z=x+iy=2-2
Complex Numbers Ex 13.2 Q24

I:.I+I:IJ:I — I:].—i:lj'

:;-[lj]h =]

1—1

:[{1+ij{1+1}
(1=3)(1+1)

an
;{H&—l] s
141

F
:{3] L
2

ix
J =1 [Raneonalizing the denominator]

Complex Numbers Ex 13.2 Q25



s £l z
191 2_2+23_3
Zy o o

|21 + Zo 23| =

AN
—_— e — o —

Zy o s

R A [ |z1| = 22| = 25| = 1:|

=1
Complex Numbers Ex 13.2 Q26

Let == x+1y
7? = (><+iy:|2= %2 — 2 4 2

l2ff = zz = (x +iy)[x—iy) = X2+ y?

22+ |z = 0

¥ -y 2yt ey = 0
2x? 4 2y = 0

= 2x? =0 and 2xy=0
=x=0and vek
Lz=04+ iy where veR
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Complex Numbers Ex 13.3 Q1(i)

Letz=-5+12/

= [z] = f{-5) + 122

= 25+ 144
= 169
- 13
- JEa1m - +{\/13 +{-5) \[13 —[-5]} ey > 0)
8

2+3.'

Complex Numbers Ex 13.3 QI(ii)



letz= -7 -2

then|z| = {-7)" + (-24)°
- 49+ 576
N

25

-'-M=i{\(25'?—i\(25+?} gzl

2

2
- +{45 - i/T6)

= +{3- 4}

Complex Numbers Ex 13.3 Q1(iii)

letz=1-4

then|z| = J1%+ (- 1]2
=141
.2

o
| e .\(Ji-l
B b BT

Complex Numbers Ex 13.3 Q1(iv)

- 1—;’=i["(“ﬁ2—+1—!.\[‘[\'52_ 1] {'-'}"-:El]

letz=-8-0a/f

then|z|= .,III:—EI:]2 + [—6]2
v
Jioo

10

m=i{'\r{m-e _II.\(IEI+EE} oy <0)

2 2
= £{J1-i.5}
= +{1- 3}

Complex Numbers Ex 13.3 Q1(v)



letz =8-15f

then|z| = [8]2 + [—15:]2

- Jea+ 225
- JZ8g
= 17
T +{ 7+8 4I\[;1?2 e} oy <0)

I
I+

J_ 9

2 Yz
&3
5-3)
Complex Numbers Ex 13.3 Q1(vi)

Letz=-11- 601
=z=-11-80f {ﬁ=.‘)

Then|z| = J{—l )%+ {-60)*

= 4121 + 3600
= 3721

=61

‘fml

]
I+

L F11-eni =i{\(61; 1 —a;,fﬁ“ll} [y <0

- +{25 - i\38)

= +{5 - i}

Complex Numbers Ex 13.3 Q1(vii)



letz=1+4432
=1+ 443 1 ('.'-J—_=-..E>wa—_1}

= 7= 1+ 4430
2= (1) + (44
=1+ 48
= 49
-7
Hence 1+ { i+l 1} [y = 0)
= i{J: +."J:}
2 2
= i[«ﬁ +."\|"§]
= i[E +q,|"§."]
Complex Numbers Ex 13.3 Q1(viii)
letz= &4
then|z| = |4
= 4| [ 2122 = |21] |22
: (=)
e Bt .\(4-0 y
..ﬁ-i{ﬁ\[ > + - [-ag0>0)
= i{ﬁﬂ' 2}
= 42 {141)
Complex Numbers Ex 13.3 Q1(ix)
letz = =
then|z| = ||
= |—1|><|J'| { |2122| = |21|>-<|22|}
=1xf { |.'| = 1}
=1

EE

%F‘
ﬁﬂ|~

I
I+

5

—
|
—r
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Complex Numbers Ex 13.4 Q1(i)

The polar form of a com plex number z = x +iy, isgivenby z = |z|{cos8 +i sing)

where,

|z] = yfx® + % and
argfz) =8 = tan! {EJ
E!

letz=1+/

|z| = 1% 4+ 172
-

o,y » 0, so8liesinfirstquadrant

M 0,
g =tan™! [E]
a
= tan~! [%] [-.-a =1 and b= 1:|
= tan~! (1)
R {taﬂ ;rJ { tana 1}
4 o
= % { tan™? [tanx] = X)
kg
= argfz) = 2

Polar form ofl+/ isgivenby z = \E[CDS%+." 5in§]

Complex Numbers Ex 13.4 Q1(ii)



The polar form of a complex number z = x +iy, is givenby z = |z|{cos 8+ sing)

where,

2| = Jxf+v®and
Y

argf{z) = &= tan {a}

letz = -JEH

1= J(B) ("

Ny
J7

2

-.-x=ﬁ>D&y=l}D,
o @liesinfirstquadrant

Hence

8 =argfz) = tan™! (%J

el

_ tan-! tans
a]

tan? [ tan! [tanx] = x)

polar farmisgivenby z = |2|{cos @ +1 sing)
. I e W
e £=2|C05—+!3IN—
(=5 + 4
Complex Numbers Ex 13.4 Qi(iii)

Modulus, [l-i|= 1 +1° = /2

Argument, arg({l—i) = tan ™" [T] =tan™ (-1 = —%T

Folar form, \E[cosg—i 511 %T]

Complex Numbers Ex 13.4 QI(iv)

1-i  (1-D(1-5 (- 1-2i-1 -2
14+ (1+0(1-1) PB-# 141

i

M odulus, ;3 =|—1’|=1
143
Argument, tan _—1 =
0 2

Polar Formm, z=ricos 8+4izsn &)

[ T ;?r]
F=| CO5——1I51n —
2 2



Complex Numbers Ex 13.4 Q1(v)

Meodulus, —‘

= % [Fationalizing the denominator]
ot

N =1 [l]2+[—1]2 iy Lo

TEZE T2 T o 2 _E_NE

Lroument, tan f=1y== %T

Polar Form = cos [F—T] —isin (E]
4 4

Complex Numbers Ex 13.4 Q1(vi)
Thepolar form of a complex number z = x +y, is givenby z = |z|{cos 8+ sing)

where,

|z| =y %+ and

aro(z) - 0= tar (2]

1+2/

1-30

1+2 N 1+ 3

1-30 1+30

B 1{1+30) +2i {1 +3i]
B 17432
1+3+2i -6

1+9

let =




Herex = _2—1 <D&y = é >0, fliesinquadrantll

8 = argfz) = tan™! %

4

tan? (-1}

tan™! [— tan E]
4

mn4{mn(ﬂ-%n [+ tan{x - 8) = - tans)

Eng
[ —

Pl

ar

4

The polar form isgivenby z = %{CDS% + ! sin BTEJ
2

Complex Numbers Ex 13.4 QI(vii)

The polar form of a complexnumber z = x + Jy, isgivenby 2 = |z|(cos& +/ 5ing)

where,

|z| = yx* + ¥ 7 and
argfz)=8= tan? [E]
3

letz = sinl20° - cos120°
sin| 2+ 2] -icos|Z+ X 1ot =248
2 6 2 6 2 6

:>z=c:c|5£+a'5in£ v sin £+=_-,’|' = cos8 & cos E+-5' = -s5ing
& & 2 2

Herezisalready inpolar farm
a

mmph1&9=mﬁ4=g

Complex Numbers Ex 13.4 QI(viii)



The polar form of a complex number z = x +1iy, is givenby z = |z|{cos 8 +i sing)
where,

|z| = %% + ¥ and
T )
arg{z) = & = tan L_J

-16

1+i43

_-16 1-043

B 1+."'\I"§xl—.'"\l'§

—15[1—;‘@)

(1" + (5]

—15[1-;'«.5)
1+3

_15 {1_,:.“|'—)

=—4{1—w’_)

=-44 4ﬁ."

= z]= ,,||[:—4]2 + {4@)2

16 + 48

@

2

letz =

Herex = -4 < 0%y = 483 = 0, fliesinquadrantll

8 =argfz) = tan™! [ﬁ]

=tap {—ﬁ)

= tan’! {— tan %J
tan'i[tan[f—%n [ tan{r - 8) = - tan &)

= 5§ - —

3
2
3

Thepolar form isgivenby z = B{EDSE?+.' 5|n2?f]

Complex Numbers Ex 13.4 Q2



|z| =1,
) -1 i
argi{z) = tan [F] =——

Folar Form: cos & —isn z =rcos & +isin 2
2 2 2 2

Complex Numbers Ex 13.4 Q3(i)

Letz=1+itanw

tano is periodic function with period =«
T

S0, let us take w lving in the interval [D, 5 L [5,11::|.

Case-1: Whenoe [D, gj

|7 = Jletan®o = afsec?o = |seco] = seca

. irm(z]
Let p be acute angle given by tanp = Re(@)
elz

tanp =[tanc| = tana
=ph=w

As 7 is represented by a point in first quadrant.

carg(z)=p=o
Sopolar farm of zis seca(cosa +ising)

Case—11 ; When o e [%,1{|

|2 = v1+ tar o = «sec® e = |seco) = - seco

|I m(z)
Re(z

Let p be acute angle given by tanp =

——

tanp =[tanc| = -tano = tan(z- o
=Sh=n—-

A5 7 is represented by a point in fourth quadrant.
Laglz)=-p=o-m
Sopolar foom of zis —SECDL(QDS[DL— T)+isin(o- m::l:l

Complex Numbers Ex 13.4 Q3(ii)



Let z=tano -1
tano is periodic function with period =

So, let us take a lving in the interval [D, %Ju g, 11:}.

Case -1 : When me[D, 5

|| = Jtarf o+ 1= Jsec?o = |seco| = seca

I
Let B be acute angle given by tanp =| m[z)|l
Re(z)
s
tanp —m = oot = coto = tan{i—m]
=p= %_ L

As zis represented by a point in fourth quadrant.,

Larg(z)=-p= m—%.

sopolar form of zis sem[cos[m— %J+ i sin[u— %D

Case-II ; When o E[g,’.ﬂ::|

2| = Wtan? o+ 1= yaec?a = seca| =~ seco

. [fm(z]
Let B be acute angle given by tanpg = :

Rel(z)]
tanp =1 _ |oota] = - cote = tan[m—E]
|tar‘||::r,| o
T
:\"B= DL_E

A5 7 is represented by a point in third quadrant.,

arg[z) =T+ = E+ .
2
sopolar form of zis —SECDL[Q:‘IS [g + DL]+ i Sin[%+ DLJ].

Complex Numbers Ex 13.4 Q3(iii)



Let z=[1-sino)+icoso
Since sine and cosine are periodic functions with period 2n
So, let us take o lying in the interval [0, 2x]

Mow, z = [1-sino) +icoso

= |z| = J[l— Sir‘IDL:IZ + 052 = o2 - 2sin = 21— sine
2
=4 = @J[cos%— Sif‘l%} = \.@‘oos% - sir‘&‘

2
|
Let p be acute angle given by tanp =| m[z;l|l
Re(z]]
jcosa] | cosa | ‘ cos?Z - st 2 ‘oos—+ sin=
tanp = _ _ 2 2|_| 2772
[L-sine|  [1-sine| o ooV |eos %L ain
[cosi SIHEJ =
14 tan = I o
= tanp =— 2= tan[—+—]‘
1—tar‘|% 4 2

Following cases arize:

Case I When 0 = DL'G:%

-::-::JcaE:asiﬂE and E+Ee p
2 2 4 2 |14'2

7] = % _ainZ®
- |z|-\|§[c052 szJ

tan E+E = tan E+E =R =
g4 2 4 2

Clearly, z lies in the first quadrant.

and, tanp = £+g

T cL
Larg(z) = Z*5

sopolar form of z is @{msg —Sir‘&] CDS[E + EJ+ isin[i+ EJ
2 2 4 2 4 2



Case 11 When = < DL{E
=2 2

2 4 2
o . Oh 8 . 0L
© g = N2 |oos= - sinZ|= -2 | cos= - sin=
F \E‘ 2 2‘ @[ 2 EJ

o A T o T
CcoE— <8in= and —+=¢<|=,x
2 2

and, tanp =tan[E+EJ =—tar'|[E+ EJ=tar'| :n:—[E+EJ =tan[E—E]
4" 2 4 2 4 2 4 2
3r o
:}‘ = — - —
P 4 2

Since 1-sina » 0 and cosa<(,
Clearly, z lies in the fourth quadrant,

o Om

g arg[z)=—|3=§—z
so polar form of ziz 2 os 2 -sin2 || cos o_3% +1sin P
= = 2 4 2004

Case [11: When % RS Arr

s csine and &4 2 e nSE
= = g 2 ‘g

] = B gin¥ oo B a2
- |z|_@c052 smz‘ ﬁ[r:osz szJ

and, tanp =|tan Il lctan|Z2+ 2 c—tandn-| 2+ 2L < tan o_J3n
4 2 4 2 4 2 2 4
ARG »
=R — -
: 2 4

Clearly, Re(z) =0 and Im(z)=0.
S0, Z lies in the first quadrant.

o 3T
g .5|rg[z:|=|3=§—E
sopolar form of z is —ﬁ[msE—SiHEJ ms[E—EJHSiH[E—EJ :
2 < JER 2 4

Complex Numbers Ex 13.4 Q3(iv)



1-i i-i  2-2 (2-3)[1-i3

LHE:COSEH sinE=l+iE=1+i\E=[1+N§)[1—i~J§)=
3 3 272

[2-243)-i[23+2) [1-45] [B+1]
Z -T2z T2

|z|=\[[1 :’5 3+1 \[— B

Let g be acute angle given by tang =

_[\5+1)

tanp =‘ -

[ (z]]
Re(z)|

2 ‘ [\E+1
[l—ﬁ) Hl 45 |2+xf_|—tar‘|[ ]
2
~p-72

Zis represented by a point in second guadrant.

Sopolar formof zis \F[CCG?——ISIH?—EJ

12 12
21| = [z
Letarg(z)=2
. arg(z, J=m-8

In polar form, zl=|zl|l cos&+isin 8. (1)
Ty |zz|::|::05(ﬂ'— A +isin(mr— 9);:

= Izg|I —cosd+ian &)

= —|22|| cosf—izsin g

Finding conjugate of

E:—|zg|lcos.9+isin5| ...... (71)
(0110 15 equal to

2 |Z1|' cos &+isin &)

Z_ B |Zg|l cosd+isin &1

il

21 i
==—r  [¥]a]|=|]]
Zq |21|

Han g

&

21=_£

Hence Proved

Complex Numbers Ex 13.4 Q5



Z,.Z. are conjugates implies z, =2]

152

z3,z4 are conjugates implies z4 :%

Alzo we know that arg(=z) )+arg(z_1)=0

oo e 2]
24 23
=argl z] \—arg(zy4 ) +argizp |—arg(zz) ['-'ME[%J=WE(ZI:‘—31’E(ZE)]

=arg|z] |-arg(z3)+arg( 21 |-arg(z3)
=arg| zy i+argi 2_1_ |— arg(z_g)—arg(ZBJ
=argi 21 rarg| 21 |- | arg(z3) #ara(23) [ wargler yraig(z)=0]

=0+0=0
Complex Numbers Ex 13.4 Q6

.y T
Sl — + § [l—cus—]
5 5
=25in%cus%+z’2 sin 2 %[Using fn28=2sin8cos @ & 1-cos 28=12sin &

R F .
= 25 — | cof—+i sith—
ID{ 10 ID]





