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GESE

Imaginary Numbers

The square root of a negative real number is called
imaginary number, e.g. \/- 2, /- 5 etc.

The quantity \/—71 is an imaginary unit and it is
denoted by ‘i’ called iota.

Integral Power of IOTA (i)

i=-1i%=-1=-i,i*=1

-471:1

SO, i4n+l —a '4ﬂ+2=_1, i4n+d=_i,l

iy
* For any two real numbers @ and b, the result

Ja x b = ab is true only, when atleast one of
the given numbers is either zero or positive.

ﬁx\/—_b;t\/ﬁ So, i%=,[~1x,/-1#1

‘i’ is neither positive, zero nor negative.
° iﬂ +l'71+l +l'7l+2 +l'7!+3 =O

Complex Numbers

A number of the form x + iy, where x and y are
real numbers, is called a complex number. Here, x
is called real part and y is called imaginary part of
the complex number, i.e. Re (z) = x and Im (2) = y.
Purely Real and Purely Imaginary

Complex Numbers

A complex number z = x +iy is a purely real if its
imaginary part is 0, i.e. Im (z) =0 and purely
imaginary if its real part is 0 i.e. Re (2) =0.

CGESE NATRENATICS,
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Equality of Complex Numbers
Two complex numbers z; = x, +1y, and
2y = Xq +1), are said to be equal, iff x, = x, and
V)
i.e.Re(z) =Re(z,) andIm (z;) =Im (z,)
Other relation ‘greater than’ and ‘less than’ are not
defined for complex number.
Algebra of Complex Numbers
Letz, = x, +1y, and z, = x, + iy, be any two
complex numbers.
(i) Addition of Complex Numbers
2 +2o =(%, +iy) + (%5 +1y,)
= (2 + xy) +i (3 + o)
Properties of addition
* Closure z; + z, is also a complex number.
e Commutative z, + 2, =2, + 2,
e Associative z; + (2, +23) = (2, +2,) + 23
Existence of additive identity
2+0=2=0+2
Here, 0 is additive identity.

Existence of Additive inverse
z+(-2)=0=(-2)+z
Here, —z is additive inverse.

(ii) Subtraction of Complex Numbers
2y =2y = (% +iy;) = (x5 +iyy)
= (% — %) +7 (3 = y5)
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(iii) Multiplication of Complex Numbers
72y = (; +iyy) (% + 1)
=(; Xy = Jy Yo) +i (%) Yo + %9 Jy)
Properties of multiplication
¢ Closure Z,Z, is also a complex number.
¢ Commutative z,z, = 2,3,
* Associative z, (2,23) = (212y) 24
* Existence of multiplicative identity
z-l=z=1-2
Here, 1 is multiplicative identity.

¢ Existence of multiplicative inverse For every
non-zero complex number z, there exists a
complex number z; such thatz-z, =1=2, - 2

* Distributive law z,(z, + z3) = 2,2, + 2, 24

(iv) Division of Complex Numbers

Z _ Xty (X + 919) +1 (x9)) — % Yy)
: 2, 2

Zy Xy + iy, x5 + 9,

where, 2, #0

Conjugate of a Complex Number
Let z = x + iy, if " is replaced by (- i), then it is
said to be conjugate of the complex number z and
denoted by z,i.e. 2 = x —iy.
Properties of Conjugate
(i) (z) =2
(ii)z+z=2Re(z),2-2=2iIm(z)
(iii) z = Z, if z is purely real
(iv) z + Z =0 © z is purely imaginary

Zl +ZQ

(vi

(vii 2Ry = 2y

(viii) (‘Z—']= :—1 Z, %0
o) %
(ix) z-Z = {Re (2)}* + {Im (2)}
(x) 212y + 2 2, = 2Re (7, 25) =
(xi) If z = f(z,), thenz = f(Z,)

(xii) (2)" = (2")

)

(V)2 +2, =
)2 — 2y —Zl — 2y
) 212,

2Re (z,2,)
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Modulus (Absolute Value) of a Complex
Number
Let z = x + iy be a complex number. Then, the
positive square root of the sum of square of real
part and square of imaginary part is called
modulus (absolute values) of z and it is denoted
by|z|ie. |z|=yx* + %
Properties of Modulus
@]z]=0
(ii) If| z| =0, then z =0i.e. Re (z) =0 =Im (z)

(iii) — |z|<Re(z)<|z|and — | z | £ Imz) < | z |

?E

)
)
)| z|=12]=|-z]=]-Z|
)z
)

z=|z["
(Vi) 2129 [ =12 |12
i) (2| = 1] 2, %0
Zy| |zl
(viii) | z, +52| =z |2 +] 2y |2+2Re(1122)

)
(X)|Z1 — %y |"2 =]z |2 +]2, |2—2Re(z1 22)
(x)

(xi) | 2,

|2 + 29 [< ]2 | +]2, |
29212 |-z
Argand Plane

A complex number z = a + ib can be represented
by a unique point P (a, b) in the cartesian plane
referred to a pair of rectangular axes.

A purely real number a, i.e. (@ + 07) is represented
by the point (, 0) on X-axis. Therefore, Xaxis is
called real axis.

A purely imaginary number b i.e. (0 +1 b) is
represented by the point (0, 4) on Y-axis.
Therefore, Y-axis is called imaginary axis. The
intersection (common) of two axes is called zero
complex number i.e. z =0+ 0i.

Similarly, the representation of complex numbers
as points in the plane is known as argand
diagram. The plane representing complex
numbers as points, is called complex plane or
argand plane or gaussian plane.
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If two complex numbers z, and z, are represented
by the points P and Q in the complex plane, then

|z, — 25| = PQ = Distance between Pand Q

A Y
Imaginary
ais ~ | Pl) Q@)
' Real
/ axis
X' < 0 > X
(0.0)
~ Y’
Representation of Conjugate of z
on Argand Plane

Geometrically, the mirror image of the complex
number z = a + ib (represented by the ordered pair
(a, b) about the X-axis is called conjugate of z

which is represented by the ordered pair (a, — 4).
If z=a +1ib, then zZ = a — ib.

P (a, b)

>
&)

/ ~<
>

by Q(a,-b)
Representation of Modulus of ;

on Argand Plane

Geometrically, the distance of the complex
number z = a +ib [represented by the ordered pair
(a, b)] from origin, is called the modulus of z.

.. OP =+(a—0)% +(b-0)2
=Va? + b = /{Re(2)}? + {Im(2)}? =|a +b|
AY
P (a, b)
X000 M X
~ YI
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Quadratic Equation

An equation of the form ax® +bx +¢,a #0is
called quadratic equation in variable x, where a, b
and ¢ are numbers (real or complex).

Nature of Roots of Quadratic Equation

The roots of quadratic equation ax” + bx + ¢ =0,
a #0 are

_=b+ \/b2 -4 ac and = \/b -4ac
2a 2a
Now, if we look at these roots of quadratic
equation ax” + bx + ¢ = 0; a # 0, we observe that
the roots depend upon the value of the quantity
b? — 4ac. This quantity is known as the

discriminant of the quadratic equation and
denoted by D.

There are following four cases arise :
Casel 1fb* —4ac =0 ie. D=0,

then o= B——i

2a
Thus, if 42 — 4ac =0, then the quadratic equation
has real and equal roots and each equal to -4 / 2a.
Casell If a, b and ¢ are rational numbers and
b* —4ac>0and it is a perfect square, then

D= w/bz — 4ac is a rational number and hence o

and B are rational and unequal.

Case L If b* — 4ac > 0 and it is not a perfect
square, then roots are irrational and unequal.

CaseIV If b* — 4ac < 0, then the roots are complex
conjugate of each other.

Quadratic Equations with Real
Coefficients

Let us consider the following quadratic equation
ax® + bx + ¢ = 0 with real coefficients a, b, ¢ and

a #0. Also, let us assume that 5 — 4ac < 0. Now,
we can find the square root of negative real
numbers in the set of complex numbers.
Therefore, the solutions of the above equation are
available in the set of complex numbers which are

given by
v —b+b? - dac _ —b + \[—(4ac — b*)
2a 2a
—b+~4dac - b*i

2a
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Exercise 5.1

Express each of the complex number given in

exercise 1 to 7 in the form a + ib

v o)

Sol. (Si)(—%i] =-32=3(-1)=3

2. P+

Sol. ¥+ i"=*i+ (%0
= =D+ (=1)Yi
=i-i=0

3. i

Sol. (1-)— 39— ('-2)—19 i1= (_1)—19_ il

1 1 1 i

X=—=—=X-

[C5 ) S A Y

_ e i Y
B @*) -1

4. IT+iT)y+i(T+i7)

Sol. 3(7+i7)+i(7+i7) =21 +21i +7i + 73
=21+28i+7(-1)
=14+ 28i.

5. 1-n-(-1+i6)

Sol. (1--(1+i6)=(1-)+(-6)
=1+1-1-6i
=2-T7i=(a+ib),

wherea=2,b=-7

1 .2 .5
6. —+i—|—-|4+i—=
(5+73)-(++3)
| 2 5 1 2 5
—+i—=|-| 4+i=|=|=+=i|+]| -4—=i
s""(s '5) ( ’2) [5 5'] ( 2!

GBESE MATRENATIOS

1

1 2,5’_ 19(25J

5 5 2 5 5 2
o
5 10

= + LerY =—,b=—
(a +ib) where a 3 3

8. Express each of the complex number (1 - i)*
in the form a + ib.
Sol. (1-i)*=[(1 - )]
=(1+2-2ip=(1-1-2i)
= (- 2iP=4i=4(-1)=—4

/ 3

9. Express the complex number 3—+ 31') in
\

the form a + ib.

Sol (l+ 3:']3 = (lf +'i(l]2 (3)+3 (l G +Giy’
s 3] 3|3 GD+3 3 C k

:L+;+9(_1)+27,-3
27
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1 13.  Find the multiplicative inverse of —i
= —+i+9(-1)+27i.G?) ,
27 Sol. We have multiplicative inverse of —/ =—.
-1
= 21—7+1.'+ 9= +27i.(-1) Multiply by conjugate
1 242 —lxi—_—i—_—i—'—0+' |
= +i=9-27i =222 i @ g - T
14.  Express the following expression in the form
3
1, ; :
10.  Express (—2-31) of the complex number Rl B+iV5)B-i5)
T (3+iV2)-(3-iV2)
in the form a +ib
Sol 1. " Sol.  We have (3+i‘/§)(3_i\/§)
ok |25t WB+i2)-(B-i2)
1 1LY (LY}
=(-2)° —3(—2)2.(;i)+3(—2)(—;ij —(;i] -5’
R BB+
ST T M
Fbxgt) o7 C9-52 9-5-1) 14
2 1 .5 22 W2 2\2i
=—$-di- ()~
) _ T N2 W2 i ; 2
- : e ) T = 1
=—8—4i+%—-2i7-i.(—1) \/EI \/EI 2i 2 2
'2 1 Exercise 5.2
- -8—4i+§+fi 1 Find the modulus and the argument of the
22 107 complex number z =-1-iy3
TT3 7! Sol. Letz =—1-i\/3
11.  Find the multiplicative inverse of 4 -3/ ev=—_1 ve /3
Sol.  We have multiplicative inverse of 4 — 3i ke Ly V3
ol 443 - o=tan ' [&] = tan™! i
T 4-3i 443 X =1
_ A3 4430 443 4 3 sl o T
2-92 "16+9 25 25 25 33
Since x <0,and y<0
12.  Find the multiplicative inverse of (\/§+ 3i). - argli|=-(m-o) =—(m-n/3) ==2n/3
Sol.  We have multiplicative inverse of v/5 +3i
0 ¢ have multiplicative inverse o i 2 +(BY =73=2
= 1 N V5 -3i I Find the modulus and the argument of
\/§+3i \/§—3i i v =eal3 4§
Sol.  Weknow that the polar form of

_5-3i 5-3i 53 53

5-92  5+9 14 14

14 14
[ o (a+ib)(a—ib)=a*+b?]

GBESE MATREMATICS

z=r(cosO+isin0)

o Let —\B+i= r(cos0+isin0)
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= rcosO=—+3 and rsin® -1
By squaring and adding, we get
2 (cos? 0+sin?0) = (v/3)2 +1
r.1=4 r=2

rsin® =1

rcosf -J_

1.e 0 lies in second quadrant

By dividing,

=

tan8=%

—  9=180°=30°=150° L

= 0=—

|z|=2 and argz=5?7t

3. Convert (1 —i) in the polar form.
Sol. Wehave l —i=r(cos 6 +7sinb)
=rcosB=1,rsin0=-1
By squaring and adding, we get
? ('::os2 0 +sin? 0)= 12+ (—l)2
=2, 1=1+1 = 2=2
rsin@ -1

= =1

rcosO 1

r=+2, By dividing

= tan0=-1 1e.,0 liesin fourth quadrant.
= 0=-45 = g=-=—

Polar form of 1 —

s

4. Convert (-1 + /) in the polar form.
Sol.  Wehave -1 +i=r(cos 6 +isin0)
= rcosO=-1 and rsin0=1
By squaring and adding, we get

2 (cos? 0+sin?0)=(-1)2 +12 =2 1=1+1

I‘2=2 r:ﬁ
rsin® 1

=—=-] = tanf=-1
rcos6 -1

0 lies in second quadrant ;

Bydividing,

0=180°-45° =135°1 eﬂ———

Polar form of =1 +7

GBSE MATRENATIGS
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3 . 3n
= \E(cos—n+ ismn —ﬂ)
4 4

Convert (-1 - i) in the polar form.
Sol. Wehave-1-i=r(cos 6+isin0)
=rcosO=-1and rsin 0=-1

By squaring and adding, we get

r2(cos?01sin20)=( 1?1 ( 1?

n

= rP.1=1+1= r2=2
r=2
e orsin@ -1 _
By dividing =] = tan0=1
rcos0 -1
*. 0 lies in I1"! quadrant.
3n
0=-180°+45°=—135° or 0=—T

Polar form of —1 —i

ofo{ ()

Convert each of the complex numbers given in
Exercises 6 to 8 in the polar form.

6. -3
Sol. z=—3=r(cos O +isinO)
reos0=-=3,rsin0=0
Squaring and adding r* = (-3)? .-, r=7:
tan0=0..0=m - cost=0

s —3=3(cosm+7isin )
T B+i
Sol. r=+/3+i=r(cosO+isinb)

; rcosG:JE, rsin0=1

Squaring and adding =3+ 1=4,r=2

1
Also tan 0 = ﬁ, sin O and cos O both are

positive.
. 0 liesin the I quadrant
0=30°=—

) 6
Polar form of z is 2(cos£+ isin E]
i ) 6
8. i
Sol. z=i=r(cos B +1isin B)

rcos® =0,rsin0=1
Squaring and adding =1, .. r=1
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Nowsin0=1,cos0=0at0= %
. Polar form of z 1s cos%ﬂ'sin%

Exercise 5.3
Solve each of the following equations :
1. xX+3=0
Sol. x2+3=0.. x2=-3
L x= 23 =230
2. 2x3+x+1=0
Sol. 2x?+x+ 1 =0 Comparing with ax’+bx+c¢=0

a=2b=1,c=1
b —dac=12-421=1-8=-7
_—btb?—dac _-14y77
2a 22
e
T4

3. X2+3x+9=0
Sol. x2+3x+9=0..a=1,b=3,c=9
b*—4ac=32-4.19=9-36=-27

bib —dac -3+227

L ox=

2a - 2xl
3+
2
4 xP+x-2=0
Sol. -x2+x-2=0 or x2-x+2=0

a=1,b=-1,¢c=2

b Ealb% —dde

Hence, x=

2a
(D)2 -4xIx2 _1+1-8
- 2x1 2
+ /=
=l“/_7 L7 (Solutions)
2 2
5. x*+3x+5=0
Sol. x2+3x+5=0
a=1,b=3,c=5

GESE UATRENATICS
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B EJB2 ~dae

2a

~ —3i\/(3)2 —4xIx5 _ -3%49-20

- 2x1 ' 2
S3+4-11 3+4/11i

2 ’ 2
6. x2-x+2=0
Sol. ¥*—x+2=0
a=1,b=-1,c=2

—b+«/b ~4ac —(-1) (=% -4x1x2

2x1
=liJl_——8 Y=li\/3=li\ﬁi
2 2 2
7. \/5x2+x+\/5=0
Sol. \2x” +x+2=0
a=v2,b=Lc=2
_b +/b? —4dac

2a

12 —4x42x42
B 22

-1£V1-8 _ -13V7i
22 T 22
8.  \B3x2-V2x+3/3=0

Sol. Wehave a=+/3, b=—2, c=33
= Discriminant of the equation is D = b* — 4

ac =(—\/§)2 —4X\/§X3\/§

= D=2-36=-34

x=

xX=

—b+\/— \/—+\/—T ﬁi\/ﬁi
2a 2xd3 23
\/—+\/_t
2B
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1
9, X xt——=0
V2
1
Sol. x*4+x+——=0 or \Exz +\/§,\'+l =0

2
we have, ¢=+/2, p=2,c=1

.. Discriminant of the equation is D
= b? —4dac

=2 -4x\2x1 or D=2-42

. _-biVD _2442-4\2
a 2a - 2«,/5

_2£241-22
- 22

_2(-1541-242)
- 242

_—1£41-242)
2

X
10 x24+—+1=0
2

X 2

——=+1=0 or V2x* +x+2 =0,

\/5 X

Wehave a=+2.b=1, c=+2
Discriminant of the equation is
D=k —4ac :13—4x\/§x\/§

= D=1-8=_7

Sol.  x*+

_ —b+JD :—11\/3: —1+7i
2a 2x2 22
Y_—liﬁf
N

MISCELLANEOUS EXERCISE

2573
1. Evaluate : [ils +(1J :|
]

1 lxi i i .
Sol. EIXT=m=—=-1
ioii P2 -l

GESE NATREMNATICS

Sol.

Sol.
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[.IS 1T 18, . 25T
i +(7) =[l + (=) }

= [(,-2 ) + (=) ]3

C 3
=0 =i ] =[-1-
= 1) = () =3 (D) +3(-1)6Y
=1 -# -3i+3=-1-i(i*)-3i+3
=—l-i(-1)-3i+3=-1+i-3i+3

1125 3
i18+(—_—J =2-2i
1

For any two complex numbers z;, and z,,
prove that

Re(z;2,) = Re(z; ) Re(z; ) —Im(z;)Im(z,)
Let z) —a+ib

Now, a=Re(z), b=Im(z) and
zpy=c+id = c=Re(z,), d=1Im(z,)

2125 =(a +ib)(c +id) =ac—bd +i(ad + bc)
.~ Re(zyz5) =ac—bd

=Rez;Rezy —Imz Imz,

Reduce 1 - 2 -4 to the
1-4i 14§\ 5+i

standard form.

L _ 1 l+4i 144
1-4i 1—41 1+4i 12 = (4i)2
CI+4i 1 4
—_——]
l+l6 17 17
2 2 1-i 2(1-H 2(1-1)
= x — =
I+i 1+i 1-i 12-(7)? 1+1
2(1-14) .
= =1-i
2
3—4i 3—41 5—i 15-31—-20i+4(%)

= b4 =
5+i  S5+i 5-i
_h-23 123

26 26 26

\ - I) Sinca 2001...
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

(5)* - (i)




\ I= I) Since 2001...
‘ =
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS
Now,( 12 )(3—4:’)
1-4i 1+i )\ 5+i
1 4 23,
{poiho-s 2
17 17 26 26
[1 4 _][11 23_j|
==t e—i=lti || ————i
17 17 26 26
(73
17 17 \26 26

(e )
17 17 26 26

_Zl6 1116 23 21
17 26 17 26 17
o2 23,
26 17 26

-—176 268 2%1 483

442 442 442 442

307 307 59 599 g
T 442 442
4. If x- a—fb then prove that
c—i
(x2+ 2)2 = ll2+b2
T
Sol. Wehave, x-iy= a_l_b .. (1)
c—id

Replacing i by —i both side, we have

a+ib "
orid 1))
Multiply eq. (1) and (i1)

a+ib
b= \/—:d ‘/c+id

2 2 _ |a*=i%h?
- 2 _ 24>

x+iy=

2 2 a2 +b2
e +d*

GBEBSE NMATRENATICS
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2
2 2
=>(x2+y2)2=[ a2 £ ]

? +d?
(squaring on both side)
2 2
2, 2.2 +b
L (xTHYT)T = , Hence proved
2 +d? P

Convert the following in the polar form :

o AT L 143
Qe O 1w

1+7i _ 1+7  _1+7i
2-i)? 4+i%-4i 3-4i

(1)
_L4Ti 344 _3+4i+21i+28/%
3-4i 3+41 9-16i?

_=25425i =25+1251

9416 25
Put in the form of z= r(cos 0 + i sin 0)

=—]1+1

= rcos0=—1 and rsin0 =1
Squaring and adding, we get

rz(cosz()+ sin? 0)=(—1)2+1
=2 1=1+1= P2=2=r=2

By dividing 7520 _ 1 _ |

rcos® -1

tan6 =-1 =>tan9=—tan(£)= tan(n—ﬁ)
4 4

OT s s
0= i 0 lies in second quadrant,

Hence,

] 3 .3
I+7i = \/E[cos-fnﬂsm-—n-)

2-i)? 4
L3 143 1420 142i43i+6i°
W 12 12 142 P-a?

-5+5i -5+5i )
= = = —1+i
1+4 5

solution (i1) same as above part (1). Hence,

required polar form is 2 (COS%+ isin -12)
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6. Solve the equation : 3x -—4x+? =0

Sol. 3x2_4x+2_:’=0 or 9x2—12x+20=0

We have a=9,b=-12,¢=20
-~ Discriminant of the equation is

D=b%-4ac=(-122-4x9x20
=144 - 720 =-576
_-b+JD 127576 12+,[576i
2a 2%9 18
12+24i  6(2+4i) 2+4i
= = = X = —
18 18 3

7. Solve the equation : 2x? = 2x+% =0

Sol. x2—2x+%=0 or 2x2—4x+3=0

we have,a=2,b=-4,¢c=3
~. Discriminant of the equation is
D=b*-4ac=(-4>-4x2x3=16-24=-8

-b+\VD  4+VJ=8
22 2x2
48 4+2\2i

4 4
202420 (22420)

4 2

8. Solve the equation : 27x2 - 10x+1=0
Sol. 27x*-10x+1=0

We have, a=27,b=-10,c=1

-~ Discriminant of the equation is

D =b2—4ac

=(-10)* -4x27x1 =100 - 108 =-8

_-b+D _10£V=8  2(5++2i)
2a 2x27  2x27
542
=x=
27

9. Solve the equation : 21x% - 28x + 10=10

Sol.  21x? —28x+10=0-
We have, a=21,b=-28,¢=10
.~ Discriminant of the equation is
D =b2—-4ac
=(-28)2 -4 x 21 x10 =784 — 840 =56

GBESE MATREMNATICS

MATREMNATIGS
COMPLEX NUMBER & QE
_-btJD  28+J56 28+2\14i
2a 2x21 2x21
_204V14) __ 144414i
2x21 21
10. Iz =2-iz=1+ifind 22271
. 3, =2-i,2,= 1+ifin Epa—
|24z, +1|_|@=D+1+i)+]|
Sol. - 3=z, +1| |@-D-a++i|
:>|2—i+l+i+l| | 4]
|2=i-1-1+i] |1-4|
|4 xl+z| |41+
|l—1 1+I| |l—1 |
Ny |(l+1)| 4|(1+z)| 2+
1] | 2
Zl+22+l
Z1—2zp +i
=2|(A+i) =242 + ()2 =242
)
. (x+i
11. Ifa+ib= (2—), Prove that
2x° +1
PP
al+b? = (-\'2+1)2
@2x?+1)
<2
+
Sol. We have a+ib=(x21) v (1)
2x°+1
Replacing i by — i both side we have
(=) y
a-ib= -
22 +1 b
Multiplying eqs. (1) and (i)
(a+ib)(a—ib)=(x;l) (i)’
203 +1  2x% 41
e oF 23 [+ D= D]
2x? +1)?
C(2-2P (P
@2 +1P2  @x +1)?
% 2
a2+b2=—(x—+1)— Hence proved

2x? +1)2

Sinca 2001..
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12. Letz, =2-i,z,=-2+i.Find

By dividing rsin® _ 1/2 _
i 4% ii 1 rcos@ —1/2
(i) Re(?J (ii) Im{zﬁl) o e
n T 3n
Sol. (i) (2122)=(2"‘")(*2+i)=—(2-—i)2 =_tanz=taﬂ(n—z)=tau7
2 2-i 2+i .

= 0= i .. 0 lies in second quadrant.
—(4+i% —4i) —(3-4i) -3+4i

= — T rr 1+2i 1 'mdarrl+2i—3—n
+i +i +i 1—3/‘—\/5‘ 5:1_31.— 1
K s m TR 14.  Find the real numbers x and y if (x — ip)
= 3+“1’x2 I.= 6+31+82' o (3 + 5i) is the conjugate of —6 —24i.
2+i  2-i 4-i Sol.  Congugate of — 6 —24i is— 6 + 24i ssld)
Bl <2 11 we have, (x —iy)(3 + 5i)
== —3*t3! = 3x + Sxi —3yi - 5%y
. 5 =(3x + 5y) + (5x -3y)i ...(11)
R (z'_” )=—- From equations (1) & (i1)
) 3 Gx +5p) + (5x— 3y)i =—6 + 24i
(i) 1_= 'l . l.,=l=l+i.0 = 3x+5y=-6or 3x+5y+6=0
22, 2-i)2+) 4-i* 5 5 and Sx—3y =24 or 5x—3y—-24=0
I By cross multiplication method, we get,
Im[ ):0 ) |
122 X = ‘v =
I 3 —9_
13. Find the modulus and argument of the ZUELS SUR9S =39
142i B g |
complex number 1—3; =102 102 -34
Sol. We have, o G —102 =3 and ,=£=_;
. : . e -34 T =34
z=]+21=1+21Xl+31 =l+3l+2l+61 hence, x=3 and y =3
1-3i 1-3i 1+3i 1-94% 1+i 1-i
) ) 15. Find the modulus of —————
_1-6+5i -5+5i 1-i 1+i
1+9 10 - l+1:=1+z:xl+z:=(1+i)2
-5 5 1 1. 1-i 1-i 1+i -2
= e—— — = —— ;]
10010 22 . 14+i2+2i 2
Put in the polar form z=r (cos O + 7 sin 0) e gy
1+1 2
1 ) ;
=>rcose=—§- and rsi116=-:lz - _1-i 1-i (1—')2
. = 5]
By squaring and adding, we get Ll L It Lew
) . 12 (1)? 14+i%=2i =2
% (cos® 0+ sin? 0)=(——2-) +(§-) 1 2
=% ,-2.]=l+l=3 — ,-2=l We have, -Ii—b_z—( —i)=2i
4 4 4 2 1—i 1+i
1 1+i 1—i
r=—f/ ———l=2
V2 “-i 1+i

: ) Since 2001...
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16.

Sol.

17.

Sol.

18.

If (x+l)’)3=u+iv, then show that

7

—+—=d(x?-p?)

Xy

(x+ i_v)‘ =x+ 3,\"1)’ + 3,\'.(1}')2 + (iy)3
=y3+ 3xziy + 3x i2 y2 + i3 y3

=x3 +i3x%y-3xy*-iy’

. (.\'3 - 3.\:1’2 )+ (3.\'2_1’ - y3 Yi=u+iv
Equating real and imaginary parts

2 u :
w=x>— 3xy” or —= x2 - 3)’2 «wia 1)
%

and v = 3x2_)’—_}!3 or X= 3'\-2 _},2 w25 (11)
Adding equations (i) &} ‘(ii)

Ll-+-‘-}-— x —31’ 3352 — v2

x y

u

\
= — +_ = 4(\ = vz) Hence proved
x y

If o and P are different complex numbers

B—o
1-apf

. |B-af _(B-a) B-«
(,onmdull_aﬁl —[l_aBJ I—ap

_(B-o ) B-T e 1o i2iass
“|1-ap | 1-op FENEE=Z,
_ BB-apf—-ap +od
1= - o + (ai)(BP)

_IBP -G -oB+|af
- 3B —af+| o[BI

But |B =1

with |B|=1, then find

N|
N

. 2 1—aB-op+|al
N-ap| 1-of-ap+|af

B-o
1-ap

Hence =1

Find the number of non-zero integral

solution of the equation |(1-7)[*=2"

CESE MATRENATICS

Sol.

19.

Sol.

20.

Sol.

NATREMNATIOS

COMPLEX NUMNBER & QE

|1“f|=\]12+(7—1)2=ﬂ=\/§=21/2

'..ll_il.\':(zl/.‘!)xzz.\'/z ...ll_l'l.\'=2.\~

(given)
x/2 = 9x

(3]

=

= —=1x 1s admissible except x =0

x
2°
=> There is no non-zero integral solution. Its
only solution 1s x =0

If (a +ib)(c +id)(e +if)(g +ih)=A +iB, then
show that

(@ +b*)(? +d*)e* + f2)(g* +h?)

=A% +B?
Wehave (a+ib)(c +id)(e+if)(g+ih)=A+iB
<= (1)
Replacing 7 by —i both side, we get
(a—ib)c—id)(e—if)(g—ih)=A—-iB
e kL)

Multiplying eqn. (1) & (i1), we get
[(a +ib) (a —ib)] [(c + id) (c — id)]
[(e+if) (e—if)] [(g+ih) (g—ih)]
= (A +iB) (A—iB)
or (a®-iPPP)(c*—iPd*) (e - ) g — i*h?)

= (AZ _ ,'232)
(@ + o)A+ dY) (P + 12+ 1)
= (4> +B?) (" i =-1) . Hence proved

If (:+ ’) =1, then find the least integral
-i

value of m.

1+7i 147 1+ (l+i)2
— p & =
1-i 1=i 14+i 12-2

_l+i2+2i_£_
1+1 2
L \M
[%) —_i"_1 or (i4)m/4=l

= mis a multiple of 4
= least value of m =4

l-\ 2 12 s
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| secions|  PRACTICE QUESTIONS <3

10.

11.

12.

SHORT ANSWER QUESTIONS

3+i

Express ( ) in the form P +iQ

3—i

\2
Express (E) in the form 4 + iB.
Find the value of p ifthe equation 3x2 —2x+p
=0and 6x% - 17x+ 12 =0 have a common
root.
Find the equation with rational coeflicient for
which oneroot is i — 1.
If 3 + 4i is a root of the equation x% + px +
q=0.
Then find the value of p and q.

E ik’ e I
Xpress T in the form x + iy

If a,b€ R, a+# 0 and the quadratic equation

ax® —bx+1=0 has imaginary roots then what
condition on a + b +1 should be ?
If the roots of the equation

x* =2ax+a*+a-3=0 are less than 3 then
what is the value of a ?

Find the locus of a complex variable z satisfy-
ing the following condition and show that it is
circle: |z+4+i|=5

Note : Equation of circleis x2 +y2 + 2gx + 2
+c=0

Express each of the following in the form
(a +ib):

J=4 (=9 4+ 3) 449> +B)=/=36
Q2-V-121)+5°

Solve each of the following for x and y

(I+i)x—2i+(2—3i)y+i _
3+i 3-i

Whatis the locus of z, ifamplitude of z— 2 -3

. W
1s —?

GBSE MATRENATICS

14.

10.

NATRENATIOS

COMPLEX NUMBER & QE

Locate the points for which3<|z|< 4
Find the root of the equation

2(1+i)x? —4(2—i)x—=5-3i=0 which has

greater modulus.

LoNG ANSWER QUESTIONS

Let a and b be two roots of the equation
x3 + px? + gx + r = 0 satisfy the relation
ab+1=0.Prove that 7% + pr+q+1=0 (r£0)
Find the amplitude of the complex number

. 6m ( Gn)
sm—+i| 1 —cos—
5 5

If i=+/-1 prove the following :
(x+1+)(x+1—dDxr=1+)x—-1-1i
=x*+4

Given z; = | — i, z, = =2 + 4i. Calculate the

2122

|

valuesofaand b if a+bi=

1+ 7i
(2-i)

Evaluatc the argument of (1- iV3)/(1+i3)
If z,, z,, z3, z, are the roots of the equation

Find the modulus and amplitude of

4
z* =1, then find the value of 243 :
i=l
|z=1-i|+4
3|z-1-i|-2
x2+y2-2x-2y-7=0
Find the locus of a complex number z = x + iy

Ifz=x+iyand =1. Show that

= \/5 , Illustrate

2i
+2i
the locus of z in the argand plane.

Find the greatest and least values of the
modulus of complex number z satisfying the

z—i{=2
z

\ - I: Since 2001...
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. -~ . . z -
satisfying the relation .

equation




11.

12.

13.
14.

1-3.
4.

10.

1
|
L Since 2001...
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If P(x)=ax?+ bx+cand Q(x)=—ax? +dx+c,

ac # 0, then prove that P(x)Q(x)=0 has at

least two real roots.

Find the square roots of the following :

() 1—i (i) i

Solve the equation 2z=|z|+ 2i.

If |a+ib|=1. Convert into simplified form of

1+b+ai

l+b—-ai’

I (cos x +isinx)(cos y+isin y)
(cotu+ (1l +itanv)

find the value of 4 and B.

= A+iB,then

16. Find the value of & if for the complex numbers z,
and z,,

L-Z2,[" |21 - 2f* = kA - |2 Ya-|2[*)
17. Simplify:
=1-)(x=1+)x+1+)(x+1-i)
18. Ifx=cosa+isina, y=cos 3 +isin},z=cosy
+ismyandil x+y+z—0, then prove that
1 1 1

—+—+—=0
x y z

PRACTICE QUESTION’S SOLUTIONS

Short Answer Questions

Do it yourself.
Hint - One root is —1 + i
. the other root will be -1 —i
. the equation 1s
—(-l+i-l-ix+(1+)-1-)=0
or, x2+2x+2=0
Hint - Roots are 3 + 4/ and 3 — 41
sum=3+4i+3-4i=-pand
product=3+4i)(3-4i)=¢q
Lp=—0,g=25
Do it yourself.
Let f(x)=ax?—bx+ 1.
Now, f(0) =1 and roots are imaginary.
f(x)>0VxeR= f(-)=a+b+1>0
Discriminant > 0= 4a® —4(a’+a—-3) >0
=a<3 ...(1)
Let f(x)=x*-2ax+a*+a-3
“* 3 lie outside the range of roots
f(3)>0=a<2o0ra>3 ... (1)
from (i), (i), we have a < 2.
Consider|z+4+1i]=5
= |x+iy)+4+i=5=|x+4)+i(y+1)=5
= Ja+d2+(r+1)? =5
Squaring both sides,
= (x+4)>2+@+1)2=25
=x2+y2+8x+2y—-8=0
This equation represents a circle.
2i(3i+3) + Ti(—i+ 3)-6i (2-11i)+ 5

=—6+6i+7+73i —12i—66+ /Si

GESE NATREMNATIGS,

= —65+ (73 +/5-6)i

(I+dx-2i 2-3y+i
+ — =

11. 3+ 3-i
- [(1+D)x—2i](3=i)+[(2 =3i) y +i](3+i) =
(3+H(3-1)

= (1+)@-ix-2iB3-N+2-3)(3+1i)
y+Hi3+H=10i

= (4+2i)x=6i-2+9-Ti)y +3i-1=10i
= @x+9)+2x=Ty)i=3+13i
= 4x+9=3;2x-Ty=13
= x =3, y=-1

12. Letz=x+iy. Thenz-2-3i=(x-2)+i(y-3)
Let O be the amplitude of z - 2 — 3i.

y=3
Thentan 0= ——
x=2
n y—B(. ﬂ:)
= tan—= since0 =—
4 x- 4
y-3 .
= 1== Le.x—y+1=0
x=2

Hence, the locus of z is a straight line.

13. |z|<4 = x? +y2 <16 which is the interior of
circle with centre at origin and radius 4 units,
and | z| > 3= x2 + 2 > 9 which is exterior of
circle with centre at origin and radius 3 units.
Hence 3 < |z | <4 1s the portion between two
circles x2 +y2 =9 and x2 +y2 = 16.

14. Roots

42— )£ 16Q2—1)F +8(1+1)(5 +3)
B 4(1+4)
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A-i - 3- 5,. _1—i 11.  We have P(x)Q(x) = 0. If P(x) = 0 has real

1+1 l+1 a 2 roots, then b%-4ac>0

_|% 51 _ {9+2 ‘/7 If O(x) = 0 has real roots, then d2 +4ac>0

Now, ac#0. If ac<0., B%—4ac>0-

d T ,1 g \/‘ Hence P(x) = 0 has real roots.
an -
2 2 Ifuc >0, then d? +4ac>0. Hence Ox)=0
. has real roots.
Long Answer Questions Hence, at least two roots of P(x)Q(x) = 0 are
1-5. Do it yourself. real.
6. Hint:
. J2-1, [\V2-1.
(l_iﬁ)——-l———‘/i'—ar __l___‘/i,- 12. (i) (Ans i\/ 5 + S
a+i3) 2 2. B3 2
- 27
=—~(n-tan"'3) === 3 (i) (Am +T+Tl)
l\/_ 13. Letz=x+iy, wherex,y € R sothat

—n<arg <7, SO arg \/_

1+i N

7 Hint-ie, (- 1)2*+1)= Oarcl 1,i,—i lz]= x* +y
Given 2z=|z |+

. 223 g i3 _'3= e ;=
) i -1+ +)y=1-1-i+i=0
i=1

8-9. Do it yourself. > 2
= 2 =,,, + and 2y =2
10.  Wehave|OP—0Q| < OP YEVETY A

2i= 2x+iy) = x> +p? +2i

= 4x’ =x*+y? andy=1

\2) 4
s R(Z*E) = 32=1andy=1
X ol =+ d 1
%) X Tan y=
’ r= it
|z]—|— Sz—il=2 R R
z z
-1
4 e P . ) )
=>—25|2|—'|—IS2 =22 |42 2|-420 But z ﬁ+z does not satisfy the given
= :
2 . equation
= (|z|+D)*=5200r (|z|-1)* <5 e I
NG

= (| z|+1+/5)(| z| +1-/5) 20
= (| z|-1+/5)(| z|-1-/5)<0

:>\/§_1<|z|<\/§+] _u+/)+ai_ (1+l)+ui)2
Ll " 14b-ai  (+b-ai)(l+b+ai)

14. As|a+ib|=1=a’ +b* =1

= Greatest value of |z|=J§+1 and least

_(1+b)? —a® +2(1+b)ai

value of
Iz[=5-1 (+b)? +a?
GBSE NATHENATICS A = 12 e
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(1 -a )+b2+2b+2m+20b1
1+ (a +b2)+2b

 b%+b% +2b+2ai +2abi
1+1+4+2b

_ b’ +b+ai+abi _b(1+b)+a(l+b)i

- =b+ai
1+b6 1+54

(cosx+isinx)(cos y+isin y)
(cotu +i)(1+itanv)

15. We have,
_ (cosx+isinx)(cosy+isiny)
cosu . .sinv
—+7 || 1+i
sinu cosv

_ sInucosv(cos x +isin x)(cos y +isin y)
(cosu +isinu)(cosv+isinv)

_ sinucosv[cos(x+ y) +isin(x+ y)]
[cos(u +v)+isin(u +v)]

[cos(u + v)—isin(u +v)]
[cos(u +v)—isin(u +v)]

_ sinucosv[cos(x+y—u—v)+isin(x+y—u—v)]

cos? (u+v)+ sin? (u+v)

16.

17.

18.

=sinu cos veos(x+ y —u —v)
+isinu cosvsin(x +y —u —v)
~.A=sinucosveos(x+ y—u—v)

and B =sinucosvsin(x+y—u—v)
- 12 2
LHS.=|l-Fz,| |3 -2z

= (l _EIZZ)(] _2122)_(21 —22)(21 _22)
= (1-7212)(-27123) = (2, - 23)(7 - Z73)

=l-21512,5-2151 -2, 2

=1+’ |z -|a ] -]z

= (1—|21|2)(1—|22|2)

RHS. =k(1-|z,P1 -z

=k=1

Hence, equating LHS and RHS, we get k= 1.

Given expression :

=[((r=-D=Dx=1D+H] [((x + 1 + i)
(e +1)-0]

=[((c= 12 =) ((x + 1)2-)]

=[((2-2x+1)= (1) (2 +2x+ 1 - (=1))]

= [(x? = 2x + 2)(x2 + 2x + 2)]

=(x?+2)2 -4 = xt+ 42 +4 -4 =x*+4

Do it yourself.

| secrion ¢ | NCERT EXEMPLAR QUESTIONS <3

FiLL IN THE BLANKS

1. For any two complex numbers z,, z, and any
real numbers a, b, |az; - b-,l + |bz, + azzl~

2. The value of v-25 x \/—_9 :

~3

3. Thenumber d= =

I 1s equal to
|

4. Thesum ofthe series i + i2 + i + ... upto 1000
terms is

Multiplicative inverse of 1 +7 is

‘h

GESE NATREMATIOS

9.

10.

It z, and z, are comlex numbers such that
z+z, 1s a real number, then Z=

arg (z) targ Z(z #0) 1s

If|z +4| < 3, then the greatest and least values of

|z+ 1] are and
If =4 =5—n, then the locus of z is
z+2 6

If|zZl=4 and arg (z)= STH then z=

\ - I) Since 2001...
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TrRUE OR FALSE 10. Show that the complex number z, satisfying the
w z-1 T . .
1. The order relation is defined on the set of condition arg [m} = 7 lies on a circle.
comp.lt:)'( nu} nbcrs‘. 11. Solve the equation |z |=z+ 1 + 2i.
2. Multiplication of a non zero complex number
by — i rotates the point about origin through a
right angle in the anti-clockwise direction. LONG ANSWER QUESTIONS
3.  Foranycomplex number z, the minimum value 1,  If|z+ 1|=2z+ 2 (1 + i), then find the value of z.
of |z| +]z—1[1s I. 2. Ifarg(z—1)=arg (z+3i), then findx—1:y,
4. Thelocusrepresented by |z— 1|=|z—i|is a line where z=x + iy.
perpendicular to the join of'the points (1, 0) and
©,1). 3. Showthat [Z==|=2 represents a circle. Find
5. Ifzisacomplex number such that z# 0 and Re z-:
(z) =0, then Im (z%) = 0. its centre and radius.
6.  The inequality |z — 4| < |z — 2| represents the e
region given by x > 3. 4, If is purely imaginary number (z #— 1),
7. Letz and z, be two complex numbers such that th(:fl find the value of | z .
|zl_ +2)[= Iz + |z,], then arg (z - 2,) = 0. 5.z, and z, are two complex numbers such that
8.  2isnotacomplex number. |z,|=|z,|and arg (z,) + arg (z,) = 7, then show
thatz, = -Z,.
SHORT ANSWER QUESTIONS AT TE
e . z, -1
1. For a positive integer », find the value of 6. If[z|=1(z;#-1)andz,= zl T then show
1
(1=iy (1 _ l) ) that the real part of z, is zero.
I 7. 1fz,z, and z,, z, are two pairs of conjugate com-
13
2. Evaluate 2 (i"+i"*'), where n € N. plex numbers, then find arg [i) +arg [Z—z]
n=1 24 23
X3 >
3 If 1 +1i 1- r = x + iy, then find (x, y). If for the complex numbers z,and z,,
1-i 1+i arg (z,) —arg (z,) = 0, then show that
ey 12, -2, =1 2|~ Iz
4. =x + iy, then find the valueof x+y. 9.  Solve the system of equations
i Re(z2) =0, |z|=2.
1- )\ 10. Find the complex number satisfying the equa-
5. If |— =g + ib, then find (a, b). .
1+i tlonz+\/5|(z+l)[+i=0.
6. Ifa=cos0+isin0, then find the value of
l+a 11. Write the complex number z = Gl
l—-a m .. T
. . cos—+isin—
7. If(1+i)z= (1-i)Z, then show thatz= —iZ. in polar form. 3 3
i 12. Ifzand w are two complex numbers such that
8. Ifz=x+iy thenshowthatzZ+2(z+Z)+5b=0,
where b € R, represents a circle. |zw| =1 and arg (z) —arg (w) = E then show
9.  Ifthereal part of z_+ 2 1s 4, then show that the that Zw =—1.

z —
locus of the point representing z in the complex
plane is a circle.

\ = 1P
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Fill in the Blanks
1. @+P)(zP+]z,P
2. =15 3. -2 4. 0
5, L-d 6. T, 7. 0
2 2
8. 6and0 9. acircle
10. =23 +2i
True or False
1. F 2. F 3. T 4, T
5. IF 6. T 7. F 8. T

Short Answer Questions

1. Wehave (1 =i)" [1 —l)
i

=(1=iy'G=1)y"-i""=1—=i'(1=iy" (=1)"-i~"

=[(A=PP 1) i =1 +2 =20y (1) "
[ ==1]

=(1=-1=2i)' (=) i "

=(-2)- i -1y i~*

- (_l)Zn Lon=19n

13
2.  Given that, 2 ("+i"*YneN

= (i+i2+¥3_-l+i4+i5+i6+i7+i8+i9+i1°
+ill 12413 4 (24 34445+ 647
+i8 49410 + 11 4 12 4 j13 4 ;14

= ({+22+2P+2i%+ 2 +2i6 +2i" + 2i® +
2P0+ 21 £ 2124 234 M)

= j—2-2i+2+2i+2G%%+20)* 3+ 233
+2(2)4 i + 2(i2)° + 2(i%)° - i +2(i%)°
+ 2(i2)6 ci+ (i2)7

= j=2-2i+2+2i-2-2i+2+2i-2-2i

+2+2i-1=i-1
A3 o ;
3. Now (l-l-l.) _ l+z;+3:(l+:)
1-i)  1=P=30=i)
_ 1-i+3i+3i°
14i—3i4 3

GBEBSE NATRENATICS

(7

NCERT EXEMPLAR SOLUTIONS

2i-2

-2i—2

i-1 =l—i
—i=-1 1+i

_ (=D(=i)_1+i-2i
+Hd-9) I+1

_1-1-2i

Similarly, [-:T- = —=—=]

A3 A3

<3 +1i 1-i .

Since | =——| =| —| =x+iy
1—i 1+

= —-i—i=x+iy

= -2i=x+iy

On comparing real and imaginary parts we get
x=0andy=-2

Therefore, (x,y)=(0,-2)

(1+i)?

We have, x+iy =
2—i

_ (+i%+2i) _ 2

2-i 2-i
_ 2@+ _4i-2
2-)(2+i) 4+1
= x+iy =_?2+£ [ 2=-1]

5

On comparing both sides, we get
x =-2/5 and y=4/5

= x+y=_—2+i=2/5
S 5
l_,loo

We have (—I) =a+ib

1+i
A = 1I° o
STUDY CIRCLE
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. 100 Then Z =x-iy
o |A=DA=D " _ 5 4 b=
a+0) (-0 Now, zZ+2(z+2)+b =0
= x+iy)(x—-iy)+2(x+iytx—-iy)+b=0
142 -2} = x2+y%+4x+ b=0, which is the equation of
= | T =a+ib acircle.
o 9. Let z=x+iy
T Z4+2 _ x—iy+2
=5 (-3 =a+ib [vit=-1] Now, ——i= ,y
2 z-1 x=iy-1
= > =a+ib _ [ +2)=iv][(x=D +iv]
= I=aib (=D =iy][Cx=D+iy]
On comparing a=landb=0 [ i%4=1] Rationalizi
5 (@.b)=(1,0) [Rationalizing]
6. Wehave a=cos0+isin6 x-D(x+2)-iy(x-1)
; 2
l+a l+cosO+isin0 = tiy(x+2)+y
= — 1)+
l-a 1-cosB—isin® (x ;
_ 14+2c0s?0/2— 1+ 2i sin 0/2-cos 0/2 (x=D(x+2)+y°
1-1+25in?6/2 - 2i sinB/2-cos 6/2 . +if(x+2)y-(x-1)y]
2 o3 (x—1)2+y2
_ 2c0s 0/2(cos 0/2 +isin 0/2)
2sin B/2 (sin ©/2 —i cos 6/2) [v=-i2=1]
" _ 2
_2c9s€)/2(cos(3/2+zs%n9/2)=_lcOt 0/2 Takingreal fiast. (x=1) (xj2)1;y _
2isin0/2(cosB/2 +isinO/2) i (x=-D°+y
2 = x2-x+2-2+y2=4(x2-2x+1+)?)
_+i? cot 0/2 = i cot 6/2 s = 3x2+3y?—9x+ 6= 0, which represents a
i i circle.

) . o Hence, z lies on the circle.
7. Given(l +i)z= (1-7)z

10. Let z=x+iy
z (1-9)
z 1+14) Since arg(z—_l) =n/4
z z+1
- é=(l—z:)(l—z:) - _i_=1+i2;2i ]
z (+HA-9) 4 1-i [arg[z_')=arg(zl)—arg(zz)]
[ i2=—1] 2
' = arg(z-1)—-arg(z+1)=
- Elnl-2 = arg (x+iy— ) —arg (x+iy+ 1) =
z 2 — arg (x— 1 +iy)—arg (x + 1 +iy)= w4
z
- g——l = tan'2——tan'L =4
x-1 x+1
=—iZ
8. Wehave z=x+iy {arg(z)=0=tan'l l:|
x
2 STUDY CIRCLE
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v y

-1 x—1 x+1 = /4

(2 )

v{x+]—x+l—‘
= x“—l) = tan w4

= lan

x2—1+y“
x2-1
2y
= 51
x“+y° =1

11. Since, lz|=z+1+2i
[et z=x+iy
FromEq. (1) |x+iy|=x+iy+1+2i

P 2 o
= AJxT+yT =xtiy+ 1 +2i0

= JX2+y? =@+ D+i(+2)

On squaring both sides, we get
2+ =(x+ )2 +i2(p+2)>

= x2+)2=x2+2u+1-)7?

On comparing real and imaginary parts,
x2+y2=x2+2+1-y?-4y-4

= 22 =2x—4y-3

and 2x+D(v+2)=0
x+1)=0o0r(y+2)=0

= x==lory=-2

For x=-1,

Weget, 2y2=-2-4y-3

—4is/lb—2><4><5

= )=
y %
Y I Y
= e N2k o

4

CGESE NATRENATICS

= x2 432 =2y —1 =0 which represents a circle.

|: | z]|=+/x%+ )2 ]

+2i(x+ 1) (y+2)

—dy—-4+2i(x+1)(v+2)

232 +4y+5=0  [usingEq. (2)]

Now, for y=-2,
Then, 2(-2)2 =2x-4(-2)-3 [using Eq. (2)]

8§=2x+8-3
2x =3
= x =3/2
So, z=x+iy=3/2-2i

Long Answer Questions

We have|z+ 1|=z+2 (1 +1) (1)
Let z=x+iy

Then, |x+iy+1|=x+iv+2(1+1i)

= |x+1+iy|=@x+2)+i(y+2)

= \/(x+l)2+y2 =x+2)+i(v+2)
|:°.'|z|=\/x2+ y2:|

On squaring both sides, we get
+ 1P +yr =@ +2)2+i2 (p+2)°
t2ix+2)(v+2)
= 2+2+1+y2=x2+4x+4-y? -4y
—4+2i(x+2)(v+2)
= ¥+’ +2x+1=x2-)2 +4x -4y
+2i(x+2)(y+2)
On comparing real and imaginary parts,we get
2+ + 2+ 1 =x2-yr+4x -4y
= 22 -2x+4y+1=0 ..(2)
and 2(x+2)(v+2)=0
= x+2=0o0ry+2=0
x=—2o0ry=-2 ..(3)
Forx=-2,2y>+4+4y+1=0
[using Eq. (2)]
= 2_1f2+4y+5 =0
So D=02-4ac=16-4%x2x5=-24<0
= 2y2 + 4y + 5 has no real roots.
Fory==2, 2(-2)>-2x+4(-2)+1=0
[using Eq. (2)]
= 8-%x-8+1=10
= x=1/2

|
z=x+iy=—-2
2

We have arg (z—1) = arg (z + 37)
and z=x+iy

l-\ 2 12 s
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= arg(x+iy—1)=arg (x+iy+3i)
= arg(x—1+iy)=arg[x+i(y+3)]

3
=5 tan”' =2~ = tan_l&
x-1 x
|: arg (z)=0=tan‘ll]
X
+3
- y _Jy
x- x
= x=x-1)(y+3)
=> xy=xy—y+3x-3
= 3x-3=y
3(x —
=> L l)=1
y
x=1 1
: — s w—
y 3
Therefore, (x—1):y=1:3
Letz=x+iy
: -2
Since z =2
z=-3
o x+iy—2 P
x+iy-3
= |[x=2+iy|=2|x-3+iy|

= J@-22+3 =2J(x=3%+)*  ..(1)

|:'.'|x+iy|=\/x2+y2]

On squaring eqn. (1), we get
x2—4x+4+y? =4(x2-6x+9+)?)
= 3x2+3)2-20x+32=0
20 32

2 )
= x4y ——x+— =0 il
y 3x 3 (2)

On comparing the above equation with
x%+y% +2gx + 2fy + ¢ =0, we get

-20 -10
= 2g= — = g=—
3
32
and 2f=0 :>f=0andc=-T

GBEBSE MATREMNATICS

5.

Centre = (— g, - /) =(10/3, 0)
Also radius () = ,/gz-f-fz—c

J(10/3)* +0-32/3

% (100-96) =2/3

z=x+iy
z-1 _ x+ly—l’ Frbas]
z+1  x+iy+l

x—l+iy= (x=1+iy)(x+1-iy)
x+l+iy (x+1+iy) (x+1-iy)

_ (P =D+iv+D—ip(x=1)=i%y?

(x+1* = (iy)?

z=1_(=D+y’+ily(x+D) = y(x-D)]

z+1 (x+1)7+)7?
As is a purely imaginary number
zZ+
2_ 2
so XDy
(x+1)"+y
= x-1+y2=0
= 2+y?=1]
= .\'2+y2 = \ﬁ

= |z]=1 ['.‘|z|\/.t2+y2]

Letz, =r (cos 0, +isin0,;)and
Z, = ry (cos 0, + i sin 0,) be two complex
numbers.

We have |z, [=]2,|

and arg (z)) +arg(z,)) =7

Since |z, [ =12,

=5 ry =1, i)
and ifarg (z)) +arg (z,)=7

= 0,+6,=m

= 0,=mn-0,

Now, 2z, =r;(cosO +isin0,)
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8.

= z, =71,y [cos (m—0,) +isin(n-0,)]
= z; =1y (=cos O, +isinH,)
= zy ==ry(cos 0, —isin 0,)
= z, = -I,
[+ Z, =r, (cos 0, —isin0,)]
Let z =x+iy
= |z;|= ¥ +yt =1 [z, 1=1]
-1 x+iy-1
Now, Z, = B H",}
i+l x+iy+l
_x=l+y _ (x=1+ip) (x+1-1y)
x+1+iy  (x+1+ip)(x+1=iy)

xz—l—i,\:v+iy+ixy+iy+y2

(x+1)% + 52

_ x2+_v2—l+ 2y _
(x+1)%+ )7

1-1+2iy
(x+1)%+y?

[ x2 +y2 e 1]

2yi

(x+l)2+y2

Hence, the real part ofz2 1s zero.

Let 2y =r; (cos B, +isin0)),

Therefore, z, = Z; =r (cos 0, —isin 6,)
=r [cos (=0,)+sin (- 0,)]

Also, letz; =r, (cos 0, +isin0,),

Therefore, z, = Z; = r, (cos 0,

Then, arg( J + arg( ]
24 %5

=arg (z,) —arg (z,) +arg (z,) —arg (z3)

=0,-(=0,)+(-0))-0, [ arg (2)=0]
=0,+0,-0,-0,=0

Let zy =r (cos O, +isin0,)

and z, =r, (cos 0, +isin6,)

= arg(z) =0, and arg (z,) =0,

—isin 0,)

GBSE MATRENATICS

10.

Since

arg (z;)—arg(z,)=0

0,-0,=0 = 0,=0,
2, =1, (cosB, +isinB))
[+ 0,=0,]
zy =2, =(r; cos 0, —r, cos 0))
+i(rysin0®,—r,sin0))
—rzc-osel)2

(7; cosO

+(7; 508, — 1, 5inH, )’

2,2 A g2 2
ri+r;=2nn(sin“0, +cos”0,)

2, 2 2
- \/"l+"2‘2’1*'z =\/("1 =)

Hence proved.

Let

Now

=

=]z =2z
We have Re(z3)=0,|z|=2
z=x+iy
|z|= \x*+ y?
\/x2+y2 =2
2+y2=4 (1)
z=x+iy

Since,

Squaring, we get

2 —

= 22 = x2 + 2ixy—)?
=> 22 = (x2 =) + 2ixy
= Re(?)=x*-)?
= xX-y!=0 [vRe(@P®)=0] ..Q2
From Eqs. (1) and (2),

+xi=4
= 22 =4
- x2=2
= x=t2

y= +2

Since z=x+iy
= z=24i/2,-J2+i2

Wehave =z+ \5 [(z+ 1)|+i=0

Let

z=x+iy (1)
- I: Sinca 2001.
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= x+iy+t 2 |x+iy+1|+i=0
= x+i(1+y)+\/§|: (x+I)2+y2:|=0

= x+i(l+y)+ JEJ(x2+2x+l+y2) =0

= x+2Y+2x+1+) =0

On squaring both sides

= 2 =2(x2+2x+1+y?) 12.
= x> +4x+22+2=0 -(2)

Also 1+y=0

= y=-1

For y=—1, x2+ 4x+ 2+ 2= 0[using Eq. (2)]
= ¥ +4x+4=0

= x+22=0

= x+2=0 = x=-2

Therefore, z=x+iy=-2-i

11. Wehave

. 1—i I[\/_ J_]

mT .. TE T n
cos—+isin— cos—+isin—

3 3 3 3

_ -2 [cos(m—m/4)+isin(m—m/4)]
cosm/3+isinm/3

_ —V2[cos3n/4 +isin3n/4]
cosT/3+isinm/3

__4|

Y 5T
= —\/5 cOoS —+1isin —]
2 "'

Let z=r,(cos 0, +isin0,)and
w=r,(cos 0,+isin0,)
So, lzw|=|z[|w]=rr,=1
Further, arg (z) = 0, and arg (w) =0,
m
But arg(z)—arg(w) = 5
by
= 8,-0,= —
17927 5
Now,

Zw=r, (cos 0, —isin 0,) r, (cos 0, + i sin 0,)
= r,r, [cos (6, —0,) +isin (0, —6,)]
=rr [cos (-W2)+i sin (= 1/2)]

=1[0-1]

GBSE MATRENATIGS
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