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INTRODUCTION

In order to have solutions to the equations like

2+ 1=0,

S
i

|

i

we

needed to extend the system of real numbers. such a system

came to be known as the system of complex

numbers. The study

of complex numbers has far reaching bearing in many fields of
science and engineering. In the subsequent discussion, some

basic concepts will be taken up.

SQUARE ROOT OF NEGATIVE NU!VIBERS

J=1 is defined as i (Pronounced as iota)
ie, i=4—1 = i2=-1 = R=-i = =1

Infact, if a is a positive real number then J=a =ya/-1=/ai

(i) If mis an integer, then #7 = 1, pmet =, jme2 =
pm+3=p=—j .

(i) The sum of any consecutive four power of i is zero

je., in¥i*t+pr2+i*3=0,ne Z

o iy L=-iand-t=i
- Find the value of .
" Solution : j3 = fx9+3= P =i
[STOIIER Find the value of y =i+ 2 + P + ... + 7% + 0L
Solution : We observe that

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhl-110005. Phone : 011-47623456

y S(i+i2+P+H)+(B+PHIT+IO)+ L+

(F7 + P8+ %+ 1) + j1o1

=(0+0+..0)+i0 =B =]

TR /f x = (1+1), then find the value of (x — 1)* + 4.

Solution : x=1+i =>x-1=]|
Now, (x = 1)* =1
(x=1)y'+4=5

=P =-1,

——
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Note : If a and b are positive real numbers, then Jaxib= Jab . This result alsg hold,;““t\

DEFINITION OF A COMPLEX NUMBER

eithera>0, b<Qora<0 b>0.
But if & < 0, b < 0, then this result does not hold true. -4
Iritis true, then _
PEiis -1 = =11 =41 =1
which is a contradiction
Thusifa<0,b <0, then Jax{b#4ab.
Also, if any of a or b is 0, then ya x b =+ab=0.

Any number of the form x + iy, where i = y—1 and x, y are real numbers or the numperg con
'is called complex number. For example 2 + 3i, 2 — 3i, 3, 0, 2 + (2 + i) all are comple num ta"ly

Different Particulars of Complex Numbers

(i)

(i)

(iii)

Find the modulus of z=x+iyT-2x, x « Rand x <

Solution :

(iv)

by

Real and Imaginary Part

Ifz=x+iy, where x, y e Rand i =41, is a complex number, then x is called the real pag
and y is called imaginary part of z, which can be written as ' 4
Re(z) = xand Im(z) = y '

> IfRe(z) =0, then z is purely imaginary complex number.

> Iflm(z) =0, then z is purely real complex number.

N

> z=0is purely real as well as purely imaginary.
Representation of Complex Numbers

A complex number z = x + jy, x, y € R can be written as order pair (x, y). It can be represent

on Argand plane or Complex plane or Gaussian plane as following.
AN

y P(x, y)

Imaginary axis | g, \‘y

o) X .
Real axis

Modulus of Complex Numbers

The modulus of a complex number is its distance from (0, 0). If z = x + iy, then its modulis
represented by OP =| z|= {x*+y* = {[Re(2))" + (im(2))? |

1
2
|Z|=A+(1-2x) =X’ +1=2x =fx=1)7=|x =1|

Argument of a Complex Number

The argument of a complex number is the arigle which the line joining the number repmsenl
in argand plane to the origin makes with positive real axis. 11
If z = x + Iy, then its argument is solution of equations cos@ = ;
argument of z is also called amplitude of z. |

The argument of any point lying in the interval (~x, n] is called principal argument.

y
X ==
Py andsin® =7z,
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Rules to find the principal argument :
Let z = x + 1y, x, y are non-zero real numbers and 0 = tan "| ’; | Then
(a) arg(z)=0,if x>0, y >0 (point lies in first quadrant)

(b) arg(z)=n-0,ifx <0, y >0 (point lies in second quadrant)

(c) arg(z)=0-m,ifx <0, y<0 (pointlies in third quadrant)

(d) arg(z)=-0,if x>0, y <0 (point lies in fourth quadrant)
(e) arg(0 +/0)is not defined.

e.g., For k>0,
()  arglk)=0 (i) arg-K)=n
(iii) arg(ik) = % (V) arg(-ik)= _%

Find the principal argument of all complex numbers represented by + 1 £ i.
Solution : Here four points exist. (1 + i), (-1 + i), (-1 -/), (1 - 1)

tan9=|%|= 1 = 9:%
() arg(1+i)=0= % (1% quadrant)
@) arg(-1+N)=n-0=n —%= 3;1—“ (2™ quadrant)
(i) arg(-1-)=0-n=%_x=-3% (3% quadrant)
(iv) arg(1-)=-6= —% (4" quadrant)

If z = x + iy, then find the value of arg | z|.

Solution : As we know that | z| = 0. If |z| > 0, then arg |z| = 0. If |z] = 0, then arg |Z| is not defined.
Find the sum arg(1) + arg(2i) + arg(~i) + arg(~1)
Solution : We have, arg(1) = 0, arg(-1) = «, arg(2i) = % arg(—i) =~—’—2t-.

Their sum = 0+n+%—%=n

DIFFERENT FORMS OF COMPLEX NUMBERS

A complex number may have three different forms
(i) Cartesian form :

z=x+iy,xeR,y e R is known as Cartesian form. We have already discussed that x = Re(z),
y=1m(z) ‘

Uses
This form is generally used : :
(@) To locate any complex number in argand plane
(b) To find the locus of complex number

(ii) Polar form (r, 0) |

Z = r(cos6 + i sin0) = (r, 8) is known as polar form of complex number, Where r=1z|, 6 = arg(z)
By the given triangle we find that x = r cos®, y = r sind
= z=x+iy=r(cos0 +isind) = r ciso,

where cis0 = cos0 + isind = '

Corporate Office : Aakash Tower, 8, Pusa Rdgd; New Dqlh‘I-110005. Phone : 011-47623456 =
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Imaginary axis

r Z(X, y) '«%E
y
0 Real axis
—X—>

Uses
This form is generally used
(@) When powers of complex number is very high.
(b) In problems of maximum and minimum.
() To find the nth roots of unity.
(iii) Euler form :
z = re™is known as Euler's form, where r = |z|, © = arg(z) . Euler form can be °°"Vertedt°
form by using e'® = cos6 + isin®

= z=re®=r(cos0 + isind)

If z=1+43i, represent this in polar form.

Solution : z=1+43i, |z| =

arg(z) = = ‘
Polar form = 2(cos%+isin%)

Multiply z, = 1 +iand z, = 3 +i using Euler form.
Solution : z,= Ji(cos 7 +Hisin ) 4/_9’7

z,= 2(cos§+isin§)= 2e's " _ ;
z1z=242 &%) = 22el1) = 2w/_([ L (r+1))=(~/§—1)+i(ﬁ41)'

242 242

ALGEBRA OF COMPLEX NUMBERS
(i) Equality of two Complex Numbers :

Two given complex numbers z, = x, + ly1 and z, = x, + jy, are said to be equal iff thelr respec
real and imaginary parts are equal.

ie,z,=2,& X +iy=x,+ 1y2(Xy, Xa, y3, Y. € R)

< X1=Xzand}/1=}’2

:'thé i The Inequality does not hold good in case ofi lmaglnary nurﬁﬂég l
For example, 2 +6/> 18/

f 4 ™,

. or '6—7/<8+3:
make no sense.

Corporate Office : Aakash Tower, 8, Pusa Road; New Delhi-110005, Phone : 011476
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Find the values of x and y, if 2x + 3y =

2x+ (3Y)i=24+12]

> 2x=2and 3y =12 : )
= x=1andy =y 4 (Equating real and Imaginary parts separately)

2+ 12i, where x, yeR,
Fnhl"o“ :

(if) Addition of Two Complex Numbers :

Letzy=a+iband z, = ¢ + id be any two complex numbers.
Then, the sum z, + z, is defined as follows :
zy+Z;=(a+c)+i(b+ d), which is again a complex number,
e.g.. If z, =Z4’ff5andZ;=3+ﬁ(—4),lhenzi+z,=(4+3)+i(5—4)=7’+r'.
In polar form or cis form
z,+z; =n(cos0 +isin0,) + rycoso, + i sinb,)
= (r,cos0, + r,cos0,) + i(r,sind, + r,8in0,)
Properties of addition of complex numbers :
The addition of complex numbers satisfy the following properties

(a) Closure law : The sum of two complex numbers is a complex number.

i.e., ifzyand z, are any two complex numbers, then z, + z, is also a complex number

Proof tLetz, =a+jband z, = ¢ + id be two complex numbers, then z, + z, = (a + ib) +
(c +id) = (a + c) + i(b + d), which is also a complex number.

(b) Commutative law : For any two complex numbers z, and z,,
2+ =2, + Z .
Proof : Let z, =a + ib and z, = ¢ + id be two complex numbers, then (a, b, ¢, d € R)
" zytzy=(a+ib)+(c+id)=(a+c)+ilb+d)
and z,+z,=(c+id)+(a+ib)=(c+a)+id+Db)

But we know that addition of real numbers is commutative, i.e.,a+c=c+aandb+d=
d+b :

Thus, z; + 2,8 Z, + Z,

]

(c) Associative law : For any three complex ﬁumbers z,,Z, and z,
(zi+ 2 23 = 2, + (2, + Z3) |
Proof:iLetz,=a,+ibjandz;=a, + ib2 and z; = a, + ib, be three complex numbers, then
(a4, @z, @s, by, by, b3 € R)
(z+2)+ 75 =L@ *iby)*+ (@ + b )] + (as + iby)
=[(a; + @) + i(by+ b,)] + (@, + iby)
=[(a; + @) + a;] + il(by + by) + by
=[a, + (a, + a@,)] + i[b, + (b, + by)] [addition of real numbers is associative]
= (a, + iby) + [(@; + a) + i(b, + by
= (a4 + iby) + [(a; + iby) + (@, + ibs)]
=z, +(2,+ Z3)

Thus, (2, + ) + 2z, = 2, + (2, + Z3)

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456

C} Scanned with OKEN Scanner



9‘ L‘:\r?\:ﬂh\ 'J"'Y‘f‘f"f:'l

S y, there exi
(¢)  Adelitive identity : For every complex number X 4 Xists a Comp,

0+ D such that (x * /'y)+(O+K))=(x+0)+’(Y*0)'=X+’Y- exm\
Here, 0 + 0 (denoted as 0), called the additive identity. ' |
a + ib, we have the comp)
se or negative of z, ex"b"’a
(1) Geometrical Representation of z, + 2,: |
Let P(z,) and Q(z,) be two given points with Argand plane as shown in the figure, Letyg,
the parallelogram OPRQ and let the diagonals intersec.t at M. We'know that the diagona,-‘a e
parallelogram bisect each other. Hence Mis the mid-point of the diagonat PQ ang so1h ﬁfﬁ

® Or,.
pair (%ﬁ y'—;yz—) represents M, and consequently R(X; + Xz, y; + ). "l

2=(6.%) _—
‘ P z,= (X, )

ol -
Thus the sum of two complex numbers (z;) and (z,) is represented by the diagona| OR;.“
parallelogram OPRQ. '
Example: (2+6i)+ (8+7i)=(2+8)+i(6+7)=10+ 13/
(iv) Subtraction : '
2=z, =(x+iy;)=(xz *iy,) (Here x;, X, y1, 2 € R)
= (X =x) Hi(yy—y)
= (Re(z,) — Re(z,)) + i(Im(z,) — Im(z,))
In polar form
Z,—2, =ry(cos6, +isind;) — ry(cosh, + ising,)
= (r,cos0, — r,€080,) + i(r;sind, — r,siN0,) :
In parailelogram OPSQ, S representévthe complex numbel Q (-z,) Y
(v) Multiplication : =
We have z,.2, = (X, + iy,) (X, + iy,) = XX+ Xey, * iXoys + Pyiy, (Here Xy, X, ¥y, ¥ € R)
= 212 = (X = yiya) (XY + Xoy) :

r 7 =
() Additive inverse : For every complex m_:r‘nbei r
~a 4 i(-b) [denoted as —2], called the additive inve

R(x, +X, %1% y) -

Which shows that
Re(2,2;) = Re(z) Re(z,) - Im(z,) Im(z, vy, R
Im(z,z;) = Re(z;) Im(z,) + Re(z,) Im(z,) ¢ Q2)
In polar form z,z, =r,(coso0, +1isin0;) r{cos6, + ising,) 9,

= hp /(0 +0z) 0,
= 2,:2,= 1f, (cos(0, + 0,) + sin(0, + 0,)) 0,
Let P(z1 = rie") and Q(z = .6"*) be two given points X’ 0 .
in the Argand plane so that
OP=r=|z|
0Q=r,=|z| Y
/£ XOP = 0, = arg(z,) e
/ X0Q =0, = arg(z,)

Corporato Offico : Aakash Towar, 8, Pusa Road‘. Now Delhl-110005. Phone : 011—4?6234-5;5 ;
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0y 0y - Hov a0y
Then, 2,2, = €' O =Fne fin[cos (01 + 05) 4 isird (0 +0,))
which shows that ‘

| 25| = 1 = 1241 125]

arg (2:2:) = 0, + 0, = arg(z,) + arg(z,)

gut principal amp(z,2,) = amp(z,) + amp(z,) + 2kx, where k « {1, 0, -1}

Here we observe that when we multiply two complex numbers z, and z,, the resulling number

is also a complex numper w‘hich can be obtained by rotating one complex number through the
argument of the other in anticlockwise direction about origin of reference.

Properties of multiplication of complex numbers :
(a) Closure law : The product of two complex numbers is a complex number, i.e., if z, and z;
are two complex numbers, then z,z, is also a complex number. .
Proof : Let z, = a + ib and z, = ¢ + id be two complex numbers (3, b, ¢, d € R)
then, z,z, = (a + ib)(c + id) = (ac - bd) + i(ad + bc),
which is also a complex number.

(b) Commutative law : For any two complex numbers z, and z,, we have

Proof : Let z, = a + ib and z, = ¢ + id be two complex numbers, then (a, b, c, d=R)
z,z, = (a + ib)(c + id) = (ac - bd) + i(ad + bc)

and  z,z, = (c +id)(a + ib) = (ca — db) + i(cb + da)

Since addition and multiplication of real numbers is commutative
ac—bd=ca-dband ad+ bc=cb+da

= 2,2, = 2,7,

(c) Associative law : For any three complex numbers z;, Z,, Z;, we have (z127)z5 = z1(zzz3)

Proof : Letz, =a+ib, z,=c+idand z; = e + ifbe three complex numbers, then (a, b, c,
defeR)
(2:22)2 = [(a + ib)(c + id)](e + if) | .
= [(ac — bd) + i(ad + bc))(e + if)
= [(ac — bd)e — (ad + bc)f] + i[(ac — bd)f +(ad + bc)e]
= [ace — bde — adf — bcf] +i[acf — bdf + ade + bce]
and  z,(z,z;) = (a+ ib)l(c + id) (e + if)]
" =(a+ib)[(ce - df +i(cf+de)]
= [a(ce.— df) — b(cf + de)] + f[a(cf + de) + b(ce — df)]
] = (ace = adf — bcf — bde) +i(acf + ade + bce — bdf)
Since addition of real numbers is commutative and associative
ace — bde — adf — bcf = ace — adf — bef — bde
and acf- bdf + ade + bce = acf + ade + bce - bdf
Thus, (212,)z, = Z\(Zzza)
(d) Multiplicative |dent|ty For any complex number x + iy, there exists complex number 1
+ 10 such that, (x +iy)(1 + i0) = (x'1—y0)+i(x0+y1)
=x+iy
1 + /0 is called the multiplicative identity.

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456
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non-zero complex number z = X + iy, (x5 _

‘o
=

(e) Multiplicative inverse : For every

, X — iy ]

x -y N2 = 14+0= )

we have the complex number ')(7;}3 such that (x+1y) Xty 1 (mump"(‘—auv
(]

‘ x-ly _ x I _iscalled the multiplicative inverse of x 4 ;
identity) and A )": iy K Y iy,
Note: The multiplicative inverse (M.) of a non-zero complex number is calcafa”,g&;;

follows 1 1 x—iy

Multiplicative inverse of x+1y =7 iy =Xriy x—ly

FRY A
e X Iy
Ty Xy !

(vi) Distributive law : For any three complex numbers, 2, Z,, Z3, We Ahave
Z(2,*+ 23) = 242, + ZyZz and (2, + 2,)23 = 2423 + 2,2
Proof : Letz, = a + ib, z, = ¢ + id and z, = e + if be three complex numbers, then (a, b, ¢, d, ¢, fa R
z(z,+ z)) =(a+ib)(c+id) + (e +if)]
=(a+ib)l(c+e)+i(d+f)]
=[(a(c + ) - b(d + ) + i(a(d + 1) + b(c + €))]
= (ac + ae — bd — bf) + i(ad + af + bc + be)
and z,2,+2,Z; =[(a+ ib)(c +id)] + [(a + ib)(e + if)]
= [(ac — bd) + i{ad + bc)] + [(ae — bf) + i(af + be)]
= (ac — bd + ae — bf) + i(ad + bc + af + be)
Since addition of real numbers is commutative and associative
ac + ae — bd — bf= ac - bd + ae = bf
and ad + af+ bc + be = ad + bc + af + be
Thus, z,(z, + 23) = 2,2, + 2,24
Similarly, (z; + 2,)z3 = 2,23 + 2,Z;
(vii) Division : -
z_xatin " Xa—iy2 _ (xax2+ y1y2) +i(X2yn — Xa y2)

-

; (Provided z, # 0) (Xy, X Y1, ¥ €R) 7

Z Xty " Xy X3+y3
_(XXztyiy2), [ Xe1— X )2 '
- 2 2 + 2 2
X2+ Y32 X2+ Yy2 Y e
1]
x
In polar form g
6
z _6€" _h _jo-0_ 121 o/feratz)-arg(zz) o
Z; pe™ & |z2 ] o
which shows that E
AI_ |Z1| A) _ X
ATl and arg (Z2 = arg(z,) — arg(z,) o)

But principal amp (;—;) = amp(z,) — amp(z,) + 2kr, where ke{-1, 0, 1}

Here we observe that when we divide two complex numbers, the resulting number is als0
complex number which can be obtained by rotating the complex number on numerator through
the amplitude of the complex number on denominator in clockwise direction-about origin o
reference, '
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L o root of n complex number :
un

(,,nb) 50 i lybon complex number then (x, y ¢ R)
l I- =)

7= X+ iy=+(at ib) (say) (a, b e R)

g b= ()

- . (if)
2ab=Y (i
and oabr= 0t % ...(ii)

= E;y—z—t{ and b? = _____&ﬁ_z?—x
(\/J?+%F+X+M/J):z+zy’-x)' 3

C x+iy=t y20
Y+ Y2+ X WX’W“X)
and W”( i S I AL
m,fz1=2+3iandzz=—1+2i,thenﬁnd
(i) Z1+Z2 (i) z,—2, (i) z4z, (iv)

solution : We have, z, =2 +3iand z,= -1 +2j
0 .

i z*tz =(2+3)+(-1+2)=(2-1)+(3+2)i=1+5i
(i) zZ1—2 =(2+3)—-(-1+2)=(2+1)+(3-2)i=3+i
i)y  zzz =@+3)(-1+2)=(-2-6)+(4=3)i=-B+i

: z_ 2+3i _ Il B
) Z=Zqv2 - @Iy

1 1-2i _ (2+3)(=1=2)
—1+2i —1-2i (-1)*-(2)?
L2+6)+(4-3)1 = $@-7)

Ifz,=3-2i,z,=2~iand z,= 2 + 5i, then find z, + z,— 22
Solution: 'z, + z,— 22, = (3 — 2) + (2 — i) —2(2 + 5i) '
=[(3-2)+(2-N]—4+10)
= [(3 + 2) + i(-2 —1)] — (4 + 10i)
= (5 - 30) = (4 +10i)
= (5—4) +i(-3-10)
=1-13i

(2 +3i)

m Ifz=4+7ibe a-complex number, then find
()  Additive inverse of z

Solution - :
Olution : (i) Additive inverse of (4 + 7i) = (-4 -7i)
(i) Multiplicative inverse of (4 + 7)) = 7aer = g7 4 =47
__4-7) _a-7i
@F -7~ 65
_4 T,
= 65 785
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(i) Multiplicative inverse of z
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S LLIAURLE Fypross the fnllnwmq in the form of a + ib. \

0o (3oa) (i) (1-2)7
Soltion () [ Vai) (,’1)‘ a(§ )@ 3(§ )(40 +(4i)°
- 6 v 127 3/’! 64/
._.613_124.3.,_64, [ i?=-1and P =~
=64 & )i
1

i (1-20 = g

:
= -3 @)+ 3(1)(-2)7 - (2

P J—

T 1-6/i-12+8i

R TR R/

TS +2i 11 +2i\-11-2i
“1-2i _-11-2i

@) 125
A4 (72),
125 "\125
Conjugate of a Complex Number

The reflection of a complex number z = x +iy (x, y € R) in the real axis mirror is called the °°“Jugat¢
of z. This point is denoted by z=x—iy.

}Z =(x +1y)
rTrrrrrrrrorororrrria ;llll{lllllllll ReaIaXis
lz (x iy
Properties of Conjugate of a Complex Number
() @)=z |
(i) |zd=1Z|=|-zl=|-2|=|iz|=|iZ|
@) zz = |z|2 = (Re(z))2 + (Im(z))2
(iv) Re(z)= (2)=%55%
If zis purely real number, then Im(z) =0 = z= 7 _
If z is purely imaginary, then Re(z) = 0 = z+z=00rz=-3. S
(v) (@;t+tz)=z1+2; ‘ '
Ingeneral zi+zo+.....+ Z, =21+ 2y + Z3+.....+ Z,
(Vi) zi-z;=2Z, orin general 2| z......z,= 2" Zp...... 20

And also we may write that (z")=(z)"

Z\_ 2 A
(vii) If z, # 0, then 7%, 3

(viii) arg(z) + arg(z) = 2kn, k e Z

Corporate Office : Aakash Tower, 8, Pusa Road, New Qélhi—110005. Phone ; 011-47623456
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5, and 2° -2, and z, and z, both are non-zero complex numbers, then find the sum
iz po <sible principal values of arg(z,) and arg(z,).

5f all "
‘ 5 thon 7y 8 purely real number and in this case arq(z,) = 0 or n. Similarly if
I 7 c

.. then 7, Is purely imaginary number and in this casae arg(z,) = g - g

s
¢

] n_n.
Hence sum= 0t =g %

ol valzes of X and y for which the complex numbers -5 + ix’y and x’ + y + 36i are
Fin qate of each other.

F‘.’me‘,ﬁ + i’y and x? + y + 36i are conjugate of each other

since Reiy=XC Y- 36i

d imaginary parts

gquate real an

. _5=xt+y ..(i)
;nd Ky = -36 (i)
From (i) and (ii), we gel
»_ 36 __
X' =2
. x+5¢-36=0

(x2+9)(xz_4)=0
2 —4=0[. x2+9=0forany real x]
s x=%2

From (i) we get
x=2,y=-9o0rx=-2,y=-9

—N

—

EXERCISE|

[Basics for C‘omplei Numbers]

1 \C—g\@: h o

4 i @ 3 @ 2

7. Thereal values of x and y for which the equation is (x + iy) (2-3/) =4 +iis satisfied are

5 _ 8 _8 ,_5 =2 14 O - T -}
(1) x=95.Y=13 ‘)2’/’{‘13-3".13 @) x=93.¥=13 4) x=—733.¥=73

3. If(x+iy) (p + ig) = (@ + )i, then, where X, y,p.qgeR

Mp=x,q=y (Qp=x4q=y X=q,y=p 4 x=-q.y=p
@+n|
4, ’(1+,)(3+0 equals ?‘@Pf/r : e LU

0 -3 2) % NE4 (4) -1

5. a+ib>c+ idis meaningful only when (a, b, ¢, d € R)
(1)b=0,C=0 \_/(Z}b=0,d=0 (3)3:0]0:0 (4) a=0,d=0

6. The real values of x and y for which the equation (x* + 2xi) — (3x2+ yi) = (3 —5i) + (1 + 2yi) is satisfied,"
IS
W=—Zand =1 | 2) x=3, & y=+2
\ y 3 ( ) Y 3 y==x q(t— 4_ =0
¥=2andy=3 %"’3
) X=11,y=2 (4) x=t2,y=1 . ,ﬁ:)’r(.\
Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456
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Complax Numbers-| B I ———— mpeﬂﬂvssx : 1
Ifa*+ b =1 then ‘1| : 2 ‘ 5{: is equal to, (where a, b e R). N
(1) 1 (2) 2 Mbrio @ avp

8 If 2= 3~ 4j then z* —32* + 322 + 992 — 95 is equal to

e

(1) 5 (2) 6 ) -5 @) -
x, Y
9. Ifz=x-iyandz" =p+iq, then f[%;gr is equal to, where X, ¥, p, g & R
N 3) 2 4
A -2 (2) 1 (3) (4) 1

PROPERTIES OF MODULUS OF A COMPLEX NUMBER
The following properties of modulus of complex numbers hold good: \
(i) |z|=0iffz=0and |z]>0iffz=#0.
(i) -]zl <Re(z) < |z| and
-zl <Im (2) < |Z|
(iii) 12124] = |24] |Z2l

In general [2,2,Z; ... Z,| = 21| |22] || --- |Zal

. i |_ | z | -

iv £ |=+——,where z, #0

( ) Z2 I 2 I 2 .

V) |21t 2z2 =zl + |z £ 2Re(z, 2,) = 242 + |z £ 2Re(21.22)
We have,

|21 £ 2,]* = (21 £ 2} (z1 £ 22)

(24 £ 2,) (21 £ 22)

VAV Vo V- R oY)
=|zP+ |zl £ (2122 + 2122)
= |2 + |2, £ 2Re (.. 2:)

(Vi) |21+ 2Z) +|zi—Z* = 2(|"'-"1|2 +1z,)%)

(Vil) |24 + Z5| < |z4] + |2,

(viil) |z— zb 2 | |23 — [zal |

(ix) | |zi] = |za| [ < |24 + |23

—

(X) 1z + 2| = |z, - ;| & arg(z,) - arg(z,) = %

, Z . , , -
(i) |z4+ Zy|2 = |z4]2 + |2, & z_;_ is purely tmaginary number.
(xii) If |z4) <1 and |z,] £ 1, then
2y = Z,* < (|2)] — ||+ (arg z; — arg z,2and |z, + 2 < (|z,] + |2,])? = {arg z, — arg z,)°
(il) |z1+z2+ ... 4 Zo | =V 21+ 2o+ ...+ 2, | '

(xiv) The minimum value of [z - z,| + |z - z,| = |z, — 2,

(xv)([z|2=zz‘ ? . :
\Gorporate Office ; Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 01147623456 .
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CoaweEms Complex Numbers.t g
P -5 OF ARGUMENT OF A COMPLEX NUMBER

, ¢ e —

¢ -.F’f RT | ina DO prtins reqarding argumant of complay numbarg hn#ri qnnri

r

e 0 (1) arq(2). provided 7 is not negativa puraly raal numbar
N k] ‘

Ly 0ra(z) * 8ra(z) * ke (k= 0,1 0r 1)

,‘""

Jonerd! ArQ(747:7y - 7a) = A1Q(2,) * ArQ (7,) + arg(z,) + .+ arg (2,) # 2ben, e |
In Wt .
) - ara(zy) - arq(z,) ¢ 2kz; k=0, 1 or -1

~

n'_ﬂ(

~a

;Il‘\

) = 231’_0{2) + 2.‘\’7:; (k = 0, 1or —1)

L B |

|

ard

o= arg(z) *+ 2kr: kis integer depending on 'n'
pras

(V)

v)
i arg(2) = 0 or 7, then 7z is purely real number,
(V1 ) _

g or 125 . then z is purely imaginary number

(i) If mg{;) -

Remarks : The proper value of k must be chosen so that argument lies in (-x. ).

2 . .
W If arg (21) = —ISTL and arg(z;) = % then find the principal value of arg(z,z.) and also find the
quadrant of z,Z,.

arg(z:2;) = arg(zy) + arg(z,) + 2kn
2n
3 +5 2 + +2kn

-76l+2k7t

To bring the argument in the principal range k = -1

arg(z,2,) = —7— -2n=-— 56n which shows that z,z, lies in Il quadrant.

golution

m If z= ﬁ(’z’L“)—_’) , find the principal argument of z and also write the polar form of z.

2
Solution : z=(1 220(1) 1 (22(2 H; 2(2+0 5+%

Principal argument of z = tan™ (17)

SALIE S R
Z1=425 25 =¥25 745 |
Polar form z= \/%(coseﬂsin 0),.where 6 =tan™
m Find the complex number z if zz=2 and z+2Z=2.

N|=

Solution : Let, z=x+ijy
22=2 =(x+iy)(x-iy)=2 = xt+y*=2 ()
Also, z+z=x+jy+x—iy=2x=2 = x=1 RN (1))
By (i) and (ji), we have
x=1,y=41

Hence, z=1+jor1-i

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 01147623456
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VOB Comn Numtars. — ot
SOLVED EXAMPLES| —\‘N

24i
[STUTIVELE Find the modulus and principal argument of A (10
Solution : We have,
2+ 24i _2+i_1_;1
ai+(i+ 1) ai+P+1+2i 61 6 73

—— . 1
“mwzu' ; hf"l” 358l ,65 and “fg(Zﬁz(Tio?):*‘a"" i— ==tan"(y)

S LA AR /f the roots of the equation z* + (p + iq)z + r + is = 0 are real where p, qrs
determine s° + q°r

Solution : Let x € R be a root of the given equation
= xX+(pt+ig)x+r+is=0

r € R’ 0‘8;

= (X+px+r)+igx+s)=0=0+i0
Equating real and imaginary parts from respective sides we get x? + PX+rsg
=0,

gx+s=0

- x=-S

Substituting for x in the first relation, we have
% P2 -0
q q

= (s*+4g%)=pgs

Find the greatest and least values of |z, + z,| if z; = 24 + 7i and |z,| = 7.
Solution : We have, |z,| = |24 + 71 =25 and |z,| = 7
Greatest |z, + z,| = |z)| +|2,] =25+ 7 =32

Least |z, + 2, = ||z|| - ||| =25 -7 = 18

If|lz-2|=z+2(1-i), then z is equal to

(1) S-ai . @ 2
3) 1+2i _ ) -2
Solution : Letz=x+jy

= |x=-2+iyl=x+iy+2(1-1i)
= fx-2P+yP=x+2+i(y-2)
(x=2P+y*=(x+2)? and 0=y-2

= -1
y=2, and x= 5

zZ=x+ly= %+2i

Hence, correct answer Is (2).

o T T

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone * 011-476234_5_5 58
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Complax Numbers-l 4103

L ption We have,
' i+ -2%i=0
= T2 +N+(2+)=0
= (Z+)(z+1)=0
= Eitherz2?+i=00riz+1=0
when 22+ =0
-  =—j
= |2 =-=1
= |z] =1, as |2 can't be negative.
whenijz+1=0
g ul g
= Z - " —]
= ld=)1=1.
In either case, |z| = 1.
If zy, 25, Z, ..., 2, are complex numbers such that |z,| = |z, = .... = |z,
I
“\zZtntnm +-1—"|=1.thenshowthat |z, +Z,+ 2z, + ...... +z|=
Solution : |z] =
= z2Z=
= 1?= F4
1.,1.1 A2
Now, |21 totptetg|=1
=  |a+n+it...+2|=1
= |z+tzntzn+..z)|=1
= |zytz,+zy+ .. tz|=1;as|z|=]|2Z]
If arg(z) < 0, then find arg (-z) — arg(z).
Solution : The following figures illustrates the answer
y
=z
1)
afgk
X x X 9 X
a‘*?’@'
z
Y
(i) (i)

Clearly arg(-z) —arg(z) = n

Corporate Office :Aakésh Tower, 8, Pusa Road, New Delhi-110005. Phone : 01147623456
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Remarks © () Il the same question be asked in objective type questjq

Board & Com,

options, then qludnntq may verify the option by takin
whose arq(2) « ng

(iy Iarg(z) > 0, then arg(-7) - arg(z) = - ¢
arg(z) - arg(~2) = r
and arg(z) < 0, then arg(z) - arg(~z) = -

Quick Recap

il

(i) Iz -2=2i Im(2).

W ()

A number of the form z = x + iy, x, y « Rwhere i=4~1 is called compleXn

(i) Modulus of z = x + iy is given by IC+y

(i)  Argument 0, of z= x + iy is given by cos® =Jx—2’i? and sing <
fin=q, pret= | pn*2=_q pr+3=—j In general /"*"= .
Ifzy=a+iband z,=c +id, then (a, b, ¢, d € R)

(i) z,=z,=>a=c¢b=d

(i) zy+z,=(a+c)+i(b+d)

(i)  z,z,=(ac—bd) + i(ad + bc)

(iv) z' =( zf_bz)ﬂ( z‘bbz) (called multiplicative inverse)

z=a-ib.Letz z,and z, be complex numbers, then

M z=z
(il \z+2—2Reu)*

(iv) Z=Ze2Zis purely real |

St D T

(v)  z+z= 0 ezis purely i |mag|nary
(vi) zz —| z|? A
(vii) z1 Ztz=z+ Zz

(vii) Zz= 7122

Modulus : If z=a+jb(a, b € R), then modulus of z is denoted by l z| and .'0 en
by {z|=+4a*+b?. Let z, z,, z, be complex numbers, then 3
(i) |z|=0e2z=0

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-476234564
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i 1zl=l-z|=]z]
(i) ~1z|<Re(2)<|z|; ~|z|=Im(z) <| 7|
V) 2202212

2 _JELl
@ gl
(vi)y |az+bz|?=a’|z|*+b?|z|*+2abRe(z,2)
(vil) |atz|<|z ]t z2)

[

™ o
(vii) |z1- 2212|121 || 22|
W

™MN
(i) I |z+2|=kK, then |z|e

E-—khfﬁﬁ k+IC+4
2 2

6. Argument or Amplitude: Letz=a+ib, a= tan“]%| (a beR).
(i If 0 is the argument of z, then
(@) 0=gq,ifz Iiés‘in first quadrant.
(b) 0 =n-a,if zlies in second quadrant.
(c) 6=a—mn,if zliesin third quadrant.
(d) 0=-aq,if zlies in fourth q_uadraht.
(ii) arg(é1 z,)=arg(z) +arg(z:)+2kn, k=-1 if argz;+argz>n
, =1 if argz;targz;<-=
| ' | =0 if -n<argz, +argz<w
(iii) arg(%)= arg (z})—arg (zz)+2kn k=-1 if argz,—argz,>n
k=1 if argz,—argz,<-m
' k=0 if -n<argz,—argz,<m
(v) arg(z)=arg(z) | zi+2|=| 2 |+| | '
(v)  arg(z)=—arg(z) (where arg(z) #x) -
(vi) argz=0=zis purely real and arg(z) = 12t- =Zis purely imaginary.
(vi) arg(z)-arg(-z)=+m, according as amp(z) is positive or negative.

7. Polar form : If modulus and érgument pf a complex numberz=a+ibarer, 6
respectively, then z = r(cos 0 +isin®) = re® (Euler form).

a a

o3 418ing = e/.:e'

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456
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SECTION - A

on-Reason Based Questions :

Multiple Choice Questions (MCQs) Type and Asserti

a2 M) is

1. The value of R " .4 1
r =52 @ 932 @ 7 @ 2
2. 1 (JH)-(455) =+, then values of 2310 fe,zfeff?g'ngf}f'z".f;’é’-’
y (1) 0and 2 20 and -2 " (8) 2and 0 (4) 2and2 E
3. The gg_rj-jy.gg_g‘e}gf (—1;’_2:12- is _ 3 |
m=B.g L @ TR O Bio @ 1070’
4. Ifz=3+i+97 6P then (1) is / . |
(1) 2+ ) _%+7%i (3) 1—1i (4) —g%fé%i
5. The modulus of #+(i+2)° is ‘ . ’ " ‘
(1) 47 2) 4415 (3 B35 /2437 '
6. The polar form of (#')* is o
(1) cos—g—ﬂsinl?f- '(2) cosm + isinm .
(3) —cosn — isinn (4) cos('—'é’r—)ﬂsin(:z“—)
7. The argument of —2+243/ is . | |
M -3 @ % @& w &
8. The amplitude of —1’— is equal to ‘ '
(1) 0 | @ % @ -k @) x

9. The additive inverse of 5 + 7i is

(1) 5-7i (2) =5 +7i (3) 5+7i '\M -5 Ti

10. The complex number 11+_2ji lies in
(1) First quadrant V(Z(Second quadrant  (3) Third quadrant (4) Fourth quadra
11. The value of (1 +i)* x (1 =i)°is | |

/] -
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o Complex Numbers-l 407
2ch0
5 223- 2i, then the value of Re(z) (Im(z)Y is
12
(1) 6 912 (3) -6 (4) ~12
a3 M7~ g +iand z,==3+2/ then |m(%’1"-’) Is
") 2 @~3 (3) 3 4) -2
, The value of (1 + N =2Q+m1- ) is _
14.
(1) 2i Pt g (3) -8 4) 8i

15.

16.

17.

iz =4 -9 then 2z is

(1) -92 (2) 97 @ 02
The modulus of 6+FP+9-7+9+7 is

(1) 36 . \)})/5:33 (3) 4465

1 1 1.
The value of l2+i - 2—i| IS

4
(1) -% () 25 ../4 Z

\/(4«)/ 97
4) 49

4) 0

Direction : In question number 18 to 20, two statements are given one labelled as Assertion (A)
and the other labelled as Reason (R). Select the correct answer from the following options.

19.

20,

Both Assertion (A) and Reason (R)
Assertion (A)

Both Assertion-(A) and Reason (R)
Assertion (A) "
Assertion (A) is true, but Reason (R) is false .

Assertion (A) is false, but Reason (R) is true

are_irue and the Reason (R) is the correct explanation of the

are true and Reason (R) is not the correct explanation of the

Assertion (A) : Let z, and z, be two complex numbers such that arg(z) =% and arg(z)=¢ then

arg(z1z2) =7 .

and

Reason (R) : arg(z1zz) = arg(z1) + arg(z.) + 2kn, k € {0,1,~ 1)

and

Assertion (A) : The expression (%)n isa positive integer for all the values of n.

Reason (R) : Here n = 8 is the least positive for which the above expression is a positive integer.

Assertion (A) : The argument of z = 0 + Oi is
and

£ /
2",

Reason (R) : Principal argument of a phrely real number is 0 or =.

Corporate Office : Aakash Tower, 8, Pusa Road, New Delni-110005. Phione : 01147623456
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gimplox Numbers-|

SECTION -B

Short Answer (VSA) Type Questions :
Find the value of the expression 1+ 2 + 7 + £+ P47,

Very

Find the multiplicative inverse of 3 + 2i.

23, Express (%— +70)+ (9 - 2;)_(_% + 2,’) in the form a + ib.

24.. Find the conjugate of - Ly

25. Find the principal argument of 243 — 2i . !
SECTION - C ” *.

Short Answer (SA) Type Questions : :

26. Evaluate (-2-1/)'.

2
27. Find the conjugate of (ZZ-TSP
28. Find the multiplicative inverse of 2+4i

(1+i)>° _
29. If z,, 2, z, are 2 - 8j, 7 — 8j : | fIm(42).
v Z2 Z3 @re 2 — 8/, 7 - 8i and 1 - j respectively, then find the value of Im(~Z

~ SECTION-D

Long Answer (LA) Type Questions :
30. If z=x + iy satisfies arg(z - 1) = arg(z + 3i), then find the value of (x—1) : y.

31. 'Ifz,=3 + 2iand z, =5 - 3i, then show that z 2z, and 2z, are conjugates of each other.

— —— L T, e e ———

Case Study Based Questions :

A software ultron is analyzing four complex number z, = 1 + i, z, = 2 — 2, z; = -3 — 3iand z, =~3 + 3.
32. The complex number with least modulus is

(1) z _ (2) z, @)z 4) z
33. The complex number with greatest value of principal argument is

(1) z (2) z, () z ‘ 4 z
34. Which of the following is purely reai? )

(1) z, + z, (2) 2+ z, Q) z3+ z, - -_ 4) z.
35. Which of the following is purely imaginary?' '

(1) 2z,-z, ' (2) z; + 2z, (3) z+ z, (4) z+ 2z
36. Conjugate of z, + z,+ z; + z, is

(1) =3+ ' (2) 3—i (3) 3+ (4) —3—i

O o a

Corpiorate Office : Askash Tower, 8, Pusa Road, New Delhi-110005, Phane 011476234581 111
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STEP-2

P it |

cor JEE (Main) & State Engineering Entrance Exams

S

N

Assignment

pjective Type Questions (One option is correct)

[Basics of Complex Numbers]

+

f z= 1,72L , then the value of 2% jg ,}4

If zis a complex number, then

(1) Re(z)=z+2 (2) Re(2) = ££

e
2

(@ () Re(2)= 252 (4) Re(2) = 255
p "y A~
(n1+! (2) -1 e > -, 8 Themultiplicative inverse of (3+45if is
@ 5 A 1365 1,348
? 27 M 25~ @ 75*768"
. |fthe multiplicative inverse of a complex number (3) 4+645i (4) 4-645i
. > MU -
is "‘21;5' , then the complex number is 9. %%2:28 will be purely imaginary, then sin’
2 —5i - {2 +5i is equal to Somslot
(1 S (@) 79 ! St et
1705 17 " 7 @ 3 .
Z-(2-51)  (4) 57({2+50) 3
® 7 v (4) 1
3. {i‘? +'T1@r is equal to S— 3 P thes vl
10, If x+iy=5= ——  then the value o
(1) 321 (2) 512 . 2+cosO+isin® .
: 2+ y2is
(3) 512 (4) 512i Wy .
A +i) - 4+5sin6 4+5cos6
4 Sy is equal to
’ 3) ,g - (4) g .
2 6. ) 574 coso ~ 5+4sind
(1) -5 (2) 0 -
Yy > 6. . [Modulus of Complex Numbers]
® -5+ ®) ~5+% 1. If 2= then |2| i
: 3 . Zh(1+t’)(1—21)’ en |z| is
2 3 2+3i\ . '
: - ) is equal to 2 . 7
) (1—1 1+I)(4+5l) 9 (1) 19 (2) I
117 13. 117 , 13 ; 1
(1) —g> —go! (2) —g5 tg7! 9 4) 1
8 82 82 82 (3) 710 (4) A0
13i : . . z+2-1
(3) Jg—z-_-?i . 4) %27—4-% 12. Ifz,=3 +iand z,=2 —.i, then \_E:-:Zz_'i'l—
3-4-16 . is
—_— It
6 T is equal to 6 &
1 (1) 45 @ &5
(1) =z (2) 0 .
8
23 11.) - @3 2 ) =
(3) Z3+5% (4) 23+ 5i 5 5

Corporate Oﬁ‘iée : Aakash Towér, 8, Pusa' Roa(_i,”New Delh
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16.

18.

19.

U By PNIINIAY by ik

1 ' M oy
ML E IR I TR T

Ay N
)

(2y 3

PN
)9 (%) {3

W1z -2 4 3] < D thin the tnaet and the greatest
values of |2| are
3.7 (2) 8.7
(3) 3.0 (4) 4.5

The maximum v-ﬂup of | z] when z satisfies the

condition |z« £ | 2 is
(1) 3-1 (2) B+1
(3) 43 (4) 2+43

If)z,| =2, |z,] = 3, |z,| = 4 and |12z, + 3z, + 4z, =
4. then the expression |8z,z, + 272,2,+642,z)|
equals

(1) 72
(3) 96

(2) 24
(4) 92

[Arguments of Complex Numbers]

The argument of the complex number (1+0
is
(1) 135° (2) 180°
(3) 90° (4) 45° -
_—4+243i ' :
If z= 5+ 31 , then the value of arg(z) is
(1) = (2 3
o 2T s T
S T “4) 4
If z=cos£~+lsin%,then
(1) |21 =1, arg(z) =7
(2) |z1=1, arg(z) = &
3 5
(3) |z|—" arg(z) =2y
43 — tan-1_L
(4) |z|= -5 arg(z) =tan 72

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456
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21

22.

23.

Numerical Value Based Questions

24,

25.

26.

)

28.

EE (Main) & State Engineering Em”‘nc; &

wyshia 20 The aum of principal arguments of

fviv3,-v3 - 3 by "ﬂm.

numbara 1+ f,

2, -1i8 i ma,
Iz 13n

M 5 ) 57
122 '

3) 43 “) 15

If 2., z, and z,, z, are two pairs of Conjy

complex numbers, then arg( )+ arg(lz’:

(1) 0 (2) %
@) ¥ (4) n
farg z= g . then
) Re(2?) =9Im(Z?) (2) Im(z%)=0Q

(3) Re(29)=0 (4) Re(z)=0

The polar form of complex number .j§+,.
is

(1) 2(cosg +ising) (2) Zﬁﬁ;ising)

(3) 2(cose+lsm ) (4) 2(- COS%Hsin%)

“

If x = 3 + 4i then the value of 204x - 7052+
12 - xtis

Non-zero complex number z is such that z+-;--
is purely real then sum of possible values gf
arg(z) is k (in degrees), then k equals

- _z+1
=2and w=3>"

Let |z| , Where z, w e Cthen

2lw—-1]—|w+ 1] + 1 equals ?

. The number of solutions of the equation

2’+2=0is

PREVIOUS YEARS QUESTIONS

[Basics of Compley Numbers])

ot 241 2 9
y are real numbers, then y — x equals

[JEE (Main)-2018]
(1) -85 (2), -91 |
(3) 85 (4) 91

CE Scanned with OKEN Scanner
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£ (M Complex Numbers-I
: C with Im(z) = 10 and it satisfi - _
, Let ze it satisfies (1) -2+43 \)1{ -

2z—=N -2i-1 for some natural number n. /

S n (3) 2+43 4) -2-13

Then [JEE (Main)-2019

20 and Re(z) = 10 cx0

Nnn=
2y n= 20 and Re(2) = -10
Q) n= 40 and Re(2) =-10 \/

(4) n= 40 and Re(Z) =10

0. If the equation, x? + bx + 45 = 0 (beR) has

conjugate complex roots and they satisfy

|z+1]=2410, then [JEE (Main)-2020]
() bi—b=42 b?—b =30
@) B+b=12 () B+b=72

31. The imaginary part of
8+ 2\{—_51)% -(3- 2«}-—-54)% can be
Mok L2,

'[JEE (Main)-2020]

(1) V6 (2) —+6
(3) -246 (4) 6
32. If (1 +’l)%v(1ij1')/ 1, (m, ne N) then

the greatestcommon divisor of the Ieast values

ofmand nis _ . [JEE (Main)-2020]

33. The least positive integers n such that

~ (20)"
="

,i=4—1, is a positive integer, is
" [JEE (Main)-2021]

/ Let for some real numbers o and B, a = o — ip.

If the system of equatlons 4ix+(1+ I') y=0and
8( 2n 2n

cosT+15|n—3—)x+ ay=0 has more than.

one solution, then % is equal to

[JEE (Maih)-2022]

AN\

5. Let ¢ and p be the roots of the equation

X’ + (2i— 1) =0. Then, tha value of |«" + p*| is
equal to [JEE (Main)-2022]
(1) 50 @) 250 %= -7
(3) 1250 (4) 1500

36. For two non-zero complex numbers z, and z,,
if Re(z,2,) = 0 and Re(z, + z,) = 0, then which
of the following are possible?

[JEE (Main)-2023]
A. Im(z,)>0and Im(z;) >0
Im(z;) <0 and Im(z;) > 0
C. Im(z;) > 0 and Im(z,) <0

Im(z,) <0 and Im(z,) <0

D.
( Choose the correct answer from the options

given below -
(1) Band C (2) Band D
(3) Aand B (4) Aand C

37. Letthe complex numbe74 iy be such that
— 2z-3i . : : -
s purely imagifary. If x + y* = 0, then
y*+ )y —yisequalto
2
1 3
NCE

38. Let S= {ZEC {i,2i}:

[JEE (Main)-2023]
3
2) 5
: 4
(4) 3

Z +8:z 15
—_ . f
F-3iz-2
o= 1—31 e S,a € R-{0}, then 242¢? is equal
to i . [JEE LMam)-2023]

AN
12. If the set {Re(§_3i§&) :zeC, Reﬂ }

is equal to the interval (a, B, then 24(p — a) is
[JEE (Main)-2023]

27&

equal to:

(1) 36

0
Corporate Off' ce Aakash Tower, 8, Pusa Road New Delhi-110Q05. Phone 011-47623456
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Complex Numbers-|

40

41,

42.

I/

.

JEE (Main) & State Engineering Entrap g i

o Bry
: 46, Let z = x + iy be a non-zero Comple oy M
S bers '
[Modulus of Complex Numb . auch that 22 = izF, where i= {3 lh "“‘be,
Let =, and z, be any two non-zero comple an the [JEE (Mai nz"%
3z , 22 )‘2020
humbers such that 31z, = 41z, If 7= 550+ 37 (1) Line, y = X ]
then [JEE (Main)-2019] (2) Imaginary axis
(1) Im(z) =0 (2) 5=lzl=5 (3) Real axis
3) |z I*% f—zl (4) Re(z)=0 (4) Line, y =—x
Let z be a complex number such that 47, Let S={z€ C:z’+Z=0}. Then
|z| + z=3 +i(where i=y-1). Then|z| is equal : 't
Re(z)+Im(z)) is equal to
to [JEE (Main)-2019] Es( @) ' ‘.
o [JEE (Main)'z‘)ﬁ]
N7
(1) 3 @ 2
/5 48. Let S be the set of all (v, B), T < «; B < 2%,y
(8) % 4) —=— 1-ising
| which the complex number T+ 2ising 8 pum&
If £=2 i imagi b 1+icosp
7o (@ € R) is a purely imaginary number lmaglnary and T—2icosf is purely rea,
and |z| = 2, then the value of o is Z., = sin 2a + i cos 2B, (a, B) e . Then
[JEE (Main)-2019] 5 1 :
(iZ,s+—=— is equal to
1) 42 2 S (’ p lZaB)
(1) ( ‘ @pest . [JEE (Mam)-2022]
1
3 —_
B) 3 (4) 1 ‘ 1M 3 (2) 3i
5+3z
\_46/ LetZECbesuchthat|z|<1 Ifm&5(1 2) (3) 1 @) 2—-i |
then [JEE (Main)-2019] ~49. Letz=a+ ib, b # 0 be complex numbers
(1) 5Re(w) > 4 v(z( 5Re(w)>1 & ?f > satisfying z2= z-2"1? Then the least value of
<0 o ]
(3) 4Im()> 5 @) 5Im(o )<1"’_?<) § i rjeN such that z7= (z + 1), lsequaltu_
Yo [JEE (Main)-2022]
If z be a complex number satisfying
" IRe(z)| + |Im(z)| = 4, then || carnot be 50. If z = 0 be a complex number.such that
| — : '
Mo x ~ [JEE (Ma|n)-\2020] z—%= 2, then the maximum value of |z is
PRt JEE (Main)-20
(1) F (2) 8 ~ 5 DI el
a- (1) 42 2) 1
(3) \/ eFcecd. ﬁ' \l\(\?:7 ‘Cvgq’
i == “ (3) Y2-1 4) 2+1

\X The region represented by{z=x+iye C:|z

— Re(z) < 1} is also given by the inequality
[JEE (Main)-2020]

7. Sy

@) P2 2x+1)

(1) V< x+

(3) y’zx+1

Corporate Office : Aakash Tower, 8, Pusa Road New Delhi-110005, Phone : 011-476 3456 ;

If 2= x + iy satisfies | ;-31 —2=0and|z-1-

| z+5i=0, then [JEE (Main)-2022)
(1) x+2y-4=0  (2) @+y—4=0
J){szym:o (4) x—y+3=0
z =(0,-2

& |
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g (Ma
m of modulus of all the complex ~ 57.

52

Complex Numbers-l 443

If zand w are two complex numbers such that

z satisfying z=iz’+2%-z is equal |zw|= 1 and
~ numbers zw|= 1 and arg(2) - arg(w) = 7, then
o_— JEE (Maln)-2022) (JEE (Main)-2019]
., a7 be the roots of juati =
. Lot ay, 02,07 e of the equation (1) =1k (2) 2w=1

12

—13x°=15x =0 and 1.
K+ 3 —13=10 (3) 2w = }2*’ 4) 2w=—1

jay| 2] az| = e 2|tz ]. Then 58. |If 380

, 0 € [0, 2], is areal number, then
4 —~icosH ————
g p—0ta 0t + 50 is equal to . O e— .

! - an argument of sin@+icosf is

A\ [EE (Maln)-2023]

[JEE (Main)-2020]

54_\ if for 2= a +B\|Z + 2

; z+4(1+0), thena +p 3
1 ta T !
b Q\'J‘Hd ap are the roots of the equation ’x_. e (2) &ph& i ')‘Mv
¢ ob . —tan1 (L
3 "y (2) n-tan (3) in pring ‘6
. [JEE (Maln)-2023] prinuy’e
(1) ¥ +3x-4=0, (3) ~tan” 1(%)

(}2("“7’”12:0 | (4) tan"(—g-)

() x*+x-12=0

. 2n 2n
(4) x2+2x-3=0 ' - j{ The value of 1+sm2 tieos e Zgn is
o ) 1+sm—g——:cos 9

2

55. Let S={zeC:z=i(*+Re(@))}. Then ' [JEE (Main)-2020] .
" | ; g s i VRN
3|z is equal to [JEE (Main)-2023] (1) —5(1-id3) 2 z(1-iB) T3
zeS . ' ) U ® p!
: - . N £
i | @ 3B M —HE-) Y S
M 5 (2) 4 YT X
_ 60. If o and P are the distinct roots of the equation
(3) % (4) 3 - o X2+ (3)%x+3%=0, then the value of

a®®(a'?—1)+B* (B> —1) is equal to

Arguments of Complex Numbers
[Argum plex Numbers] [JEE (Main)-2021]

B iV, (B iy : (1) 28 x 3»
56. Let z=(7+§-) +(7—7) 1f R(z) and K(2) 2 55 0 55
respectivély denote the real and imaginary - (3) 52x 3
: (4) 56 x 3%
parts of z, then [JEE (Main)-2019] I
: f_ (—1 +iy3 L(+0iB )
\)/I(z) 0 _ 61. Letl—{—T. )247 Tl K,

(2) R(z)> 0 and (2) > 0 -and n= [|k|] be the greatest integral part of

|k|. Then Z(j+5)z 2(}+5) is equal to
| [JEE (Main)-2021]

(3) R(z)<0and (z)>0
(4) R(z)=-3

 Corporats Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone 01147623456,
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JEE (Main) & State Engineering E”'lran
= o Co

KGZ %f2=2+3ith 5 =\6 .
AN » then z°+(z2) is equal to

) [JEE (Main)-2022]
(1) 244 (2) 224

(3) 245 (4) 265

63. Let z, and z, be two complex numbers such
that z/ = jz, and arg(%)= n. Then
2
[JEE (Main)-2022]

é4. The area of the polygon, whoge Ve \
the non-real roots of the equatioy, zitk:@a h

[JEE (m,, . L
I-lln_202 ‘.
m 32 @ 32 A
(3) 5 “) 3
let z=1+iand zy=—%iz

65. 7 1
Z(1— 2). .

3
1

(1) arg Zzz(%)' (2) arg zZ:-%"_ %arg(zﬂ is equal to |
JE
0.0 0 X

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456
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STEP-3 Loz

For JEE (Advanced)

- SOLVED EXAMPLES

—
= B

2 2R

; .

1

@:mn Let z be a complex number such that z # 1 and |z| = 1, then prove that §:1 is a purely
imaginary number?
= 21 1
golution : 1z|=1 =72-2=1 52= andRe(z) = »(z+2)
z-1\ _1(z-1  (z-=1
Re(257) ‘2(z+1 +(z+1)) 1
- __1 _
_Apz-1 ., z2-1\_1|z-1_ Z _A(z=1 1=z _g
_2(Z+1+z'+1) 7z+1+j_+1]—2(z+1+z+1)
; F

i;l is a purely imaginary number.

m If | z—2i|< 42, then the maximum value of | 3+ i(z—1)| is equal to

(1) 42 (2) 242
(3) 342 - ' (4) 3-242
Solution : |13+iz-1)|=li{z—1-3i)|=|z—-1-3i]|
- =|z-2i+(-1-1)|
<|z-2i|+|1+i|
<2+42
=242

~. Maximum value = 242
Hence, correct answer is (2).

STATEMENT-1 : The number 2 + 3i is a complex number as 2, 3, € R.
and

STATEMENT-2 : z = x + iy is a complex number, iff xeR, yeR.

(1)  Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for
Statement-1

(2) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation
for Statement-1 ’

(3) Statement-1 is True, Statement-2 is False

(4) Statement-1 is False, Statement-2 is True

Clearly statement 1 is true. Statement 2 is not always true.

For example, z = (2 + 3i) +.i(4 — 6/) is a complex number but 2 + 3i ¢ Rand 4 —6i ¢ R.
Hence answer is (3). :

Solution :

Corporate Office : Aakash Tower, 8, Pusa Road, New De|hi-11'0005. Phone : 011-47623456

CX Scanned with OKEN Scanner



116
(EXAWFLEA |

Sohition :

EXAMBLES Y

Solution :

Solution :

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-4762;'3_:4;{)
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SN R
Find the complox number z stch that 7+ 7 1+i

Iotz=xriy (x,yeR)
X iy
x4ly+1 v

o x4iy‘::((x+1)'l'y)(_“1*i)
> x+ly=(-"x—-1’~y)'*i(x‘y+1)
x=-x-1-y and y=x-y+1

2x=-1-y and x=2y-1

and y=z1—;

oW

xes -
3.1
The complex number z= -5 + gi ’
STATEMENT-1 : The complex number z =i sin(i%) will be a pure real Numpey. .

and )
STATEMENT-2 : The complex nhumber z = x + 1y, X, y R is called pure reaf jf y=g

(1) Statement-1 is True, Statement-2 is True; Statement-2 is a correct G_Xplana‘%;r
Statement-1 "
(2)  Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct Gpré ﬂé%
for Statement-1 oy
(3) Statement-1is True, Statement-2 is False 0
(4) Statement-1is False; Statement-2 is True

Erom Euler’s formula, we know that

I¢] -i0
. ._e’—e
smG——-——z’-

s
6

(1) _ Ai(1E = _
= isin(i%)= 9(6)2916) =€ 62 e. =a (pure real number)

=  Statement 1 is true.
Statement 2 is correct and explains the staten‘ientj.
Hence answer is (1). |

Compute the product for n=2, -
[ (A (M (T b (5]

14
Let x = >

The product becomes

(1'+ x) (14 x2) (14 x*) ... (1+ x¥)

11_x(1—x2)(1+x2)(1+)(‘) o (14 X7)

T

- gl (7 s ofo- (5]

G Scanned with OKEN Scanner



+ 7%) as sum of the Squares in four different ways.

. A " Complex Numbers-l 417
iﬂﬁﬁn Expross (17+2) (3 + 4) (5 '

(1+2)@+4)(5+7)=(-5+ 100) (5 + 7/) = 95 + 15/

(1+20) 3+ 4N (S =70 = (-5 + 10/ (5 - 7i) = 45 + 85/

(1+2) (B4 (B +7i)=(11+2i)(5+7)= 41 + 87/

gnd(1—21)(3+4i)(5+7i)=(11-—2!)(5+7f)=69+67i

Taking modulus of both sides of above fouir arrangements, we get:

(12+2) (32 + 47) (52 + 77) = 052 + 152 = 452 + 852= 412 + 872 = 69 + 67

EXAMPLE (Xl Determine the largest real number k such that |z,z, + 2,2, + ;2| > k |2, + 2, *+ 23| for all
complex numbers z,, z,, Z, with unit absolute value.

golution : From the given condition,
“ 1 1
|zl =12l = |23 =1 = 2-=21,5-= 2 and za—;
Now |Z1Zz+ZzZa+23Z1|=|z12223(—+— —)|

=|zi|| 2|l zs|| 21+ 22+ 25|

=zt z+zz|=| 2+ 22+ 23 |2 k| 21+ 22+ 23| (given)

Hence the largest possible k = 1.

. - 1-22,
If z, and z, are two complex numbers such that |z,| < 1 <|z,), then prove that | 22 l <1.

. 1~ 2
Solution : Let us assume the result
!1 3y 2) ‘ <1
= ||121——Z12222|| <1 )
= [=z2:[<|z,- 2z
= (1=z2)(1- éz) <(zy-2))(Z1—2Z2) -
> A-Zzn-zktnink<zni-2Z-4ntnlh
= 1—|Z1|2—IZZ|2+|Z-1l2|‘22|2<0
= (1-lzaP)(-lzf) <0
= (| zf-1) (z=P-1)<o0
= |zR<1<|z|
= |z <1<z as |z (éan‘t- be negative which is.the case.
or  [zl<1<lz]

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456 _
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It asa Anmes 't Avitt complax number z such that |z| < % 4

phnen Il < P

6 rerieaay 1ot (e Assuie the given conditions hold good. |
% and Ya 7 -1, where |a] <2

Qrliiting

iB iz
e L7 }f.ﬁ 4 1
IR RN S o 't ezt ...

1=1] =jazr a2t a2+

< |agz] + 2,27 * |42 + .+ 2,2

<olea(Ifv2(d)+ 2

< 2(%+§12—+%+.. +§17+3,l1 +.....lo oo)
1 2

=2—3-=-3 -4
=5 5

= 1 <1, a contradiction.

This contradiction shows that our assumption is wrong. Consequently there exists nodo‘nﬁ

number z satisfying the given condition.

Q a a

Bt s’

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 01147623456 5%
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Complex Numbers-|

Assignment

~

o codes are provided for Video solutions of the questions. Please scan OR code to watch the solution.

Jestions to be discussed In Class.

SECTION - A

e ive Type Questions (One option is correct)
b

. consider three complex numbers z,, z,, z,

: o that 1z) =1, 12| = 2, |2| = 3. The value of

§§T21i§—»—fmf23— is

R R
(1) 9 ‘ (2) 18
(3) 36 (4) 54

If Im(z) = 2, and z; = 1 + i, then the minimum
value of |z - z,| is (where j= ~1)

(1) 2 (2) +2
(3) 1

If o, B, y are three distinct non-zero complex

numbers such that |B |= l—l—l , then the value of

H}%;%‘ will be .

3
() 3 @ %
3) 1 (4) 2
The argument of complex number 'z’ satisfying
the equation z+z =6, can not be

M &

dD|A
—
N
N
NN

@) 7 4)
If a complex number z moves such that
|Re(2) |+]Im(2) |= 43 , then the area bounded
by all such positions of z is

O =0,

wla

(1) 4 square units
(2) 6 square units - EI :
(3) 8 square units

(4) 12 square units

10

6. If both the roots of the quadratic equation
ax’+bx+¢=0;a, b, c e R-{0}are non-real
and if '0" denotes the principle argument of the

complex number Z = a + ic, then which of the
following options is necessarily true?

(1) 0¢(-n-%) (=37
(2) 0&(5.x)
()0¢( 7.0)

0¢(0.5)

7. Consider two complex numbers z, and z, such

that |z, + z,| = |Z;| — | z,|, then the complex

number z = —2— will always lie on a

(1) Ray : (2) Square

(3) Pair of rays (4) Circle Ol

8. The sum of the real roots of polynomial

72 -36z-267> + 1328 + 2z — 25 = 0 will be

9. |ff()—7x543x“+ax3+a2x2+a3x+1

such that for any z = x + iy where xy = 0 and
x,y € R, f(z)=(z) thenthe product of a, a, a,

(1) Must be purely real
(2) May be purely real
(3) May be imaginary
(4) Must be imaginary

. a, b, ¢ are real numbers in the polynomial
p(z) = 2z* + az® + bz? + ¢z + 5. If two roots of
the equation p(z) =0 are 2and i (= y-1), then
the value of a is Co EliniE

M3 (@) -5 Eﬁs@
@) 3 (4) =2 (=l

Corporate Ofﬁ&e : Aakash Tower, 8, Pusa Road, New Delhi-110(505. Phone : 01;1-47623456
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HyhIAY LT whate d S EE (% 1
v et (e aaiation 22 S (as )z s e+ = 9 If7aatisfies [z-1| < |z + 3, then he, |
g ok ! : 03 ﬁ’) {
aatisfies 2 ,

N whnee A b, ¢ U are noN-7670 roal numbers, -

\I“

(1) lo=5-i]7[m+3+j|

hat p raal root then

(2) |o 57w +3]

(1) abt = (: + 8t

(2) pod =b * 8 (3) Im(im) > 1

(3) bod =& + &b %
(4) |arg(m—1)|< 5

(a) pbd = + bC
Which of the given polynomial is divisible by 3. if |z+ @ [*=[z]*Hw|?, wherg ,
a

Sa e xs 19 E] E complex numbers, then g,

4
(1) ¥ 4 't 4 x4 x™ ?. @ (1) Fz)_ is purely real E]
G R e E B ol I A L] i . .

(2) x * x [m] 21055 2) < is purely imaginary B
l}) ral ¥ r" 3 x’*.ﬁ + x!l ) "

25
(3) zi+Zmw=0 [x]

(8) x4 x4 x¥ 4 ¥
13 lix=-5+24J-4, thenthevalue ]

of the expression x* + 9x® + 35x

- x+4isequalto

(1) 158 (2) 164

(3) —160 (4) 164
14* If the equation az? + bz +

c =0 where a, b, c € C has
one purely imaginary root, then

T

z

(4) amp(Z)=%

4. Let z, z,be two complex numberg sy
[z)| = 1 and |z,| = 2 respectively then

(1) min |z, —2z,] =1
(2) max |2z, +z,| = 4

3) |2+ +|<3

o
0
[a]

(4) min|z,—2z,| =2

(1) (bc+cb)(ab+ab)+(ca —ac)*=0 5. Let complex number z satisfy |z,—%|= 1
(2) (bc+bc)(ca+ac)+(ab —ab)*=0 |z| can také all values except
(3) (ab+ab)(ca+ac)+(bc —bc)*=0. (1) 1 2) 2
(4) (atb+c)a+b+c)=0 (3) 3 ' (4) 4

15. Itisgiventhatthe equation |z —2iz+2a(A+7)  *. Ifz,=a+iband z,= c+idare complex nu
= 0 possesses solution for all a € R, then'the " such that |z,| = |z, = 1 and Re(z1z'2)=o.,ﬁHrl
number of integral valu_e(s) of ‘A’ for which it is the pair of complex numbers o, =g +‘I'Candq
true is = b + id satisfy (a, b, ¢, d € R) 3
e e o

' (2) |@| =1
SECTION - B - (3) Re(wid2)=0
4) | = 2| ]

Objective Type Questions
(One or more than one option(s) is/are correct) 7. If z,, z, be two complex numbers satisfying

1. If a, b, ¢ are real numbers and z is a complex equation [ 51 + ;2 ":1, then
number such that, a® + b? + ¢2 =1and b +ic= R

1) zZ2+z2z1=
(1 + a)z, then 1+iz [=] B4 [w] W - =
, 1—j; eaquals. Ak 2) (z;T)=_A
(1) 4=4¢ @) 2t CEEE e
1-ia Tre Fegplhed (3) z122+2:2=0 |
(3) 1-¢c 4) 1+a [E]aNR o !
a-ib b+ic (4) Re(z122)=0

Corporate Office ; Aakash Tower, 8, Pusa Road, New Delhi-110005, Phone : 011-47623456
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Complex Numbers-|

121

-

_ 7. 7, ¢C such that
|f £ A

|1.| |7-7| IZ"IV 1

. !: _Z‘i.-~ =
S 7%’/*« 2 =0

pen the integral values that
‘ 7| can attain, is

(M 1 %) B

(3) 3 (4) 4
o _7,— 22 | _| COS2¢ +isin2¢
If %%Tz—:ﬁz—\“‘cos%—‘isln% and z,, z,

are non-zero complex numbers, then’

and

{
|ZHZ’4

() é_;_’:z- is purely real

(2) 2 is purely real

3) —ZZ‘TJ:—ZZ;— is purely real

7% .
(4) 72 is purely real
fz € C and |z[-2|z|-3<0, then the
possible value(s) of | 22 + 2z cos 8| for alt values
of 8 is(are) | _ r: X
(1) 12 2) 14 I
3) 15 - (4) 16

If|z=5+12i] <1 and a, p are the greatest and
the least values of |z| respectively, then

(1) |+ iB[2 = 340 - ElpEE
(2) la—ip|? =240 ;
(3) HCF (a, B) =4,

(4) %+—5«.='1o

If z is a complex number and the minimum
value of |z| + [z - 1] + 12z - 3| is k if

B = 2[a] + 3 = 3[a — k] then (where [] denotes

the greatest integer function)

(1) [a+ K =11

@) B-K =19
(3) [+ B] =29

B _
(4) [0.—2]_3
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13*.1 2,2 p, +iq, p g, « Isuch that (wherei= 1)
3p? - Ipgl=2q7 ¢7=0forr=1,23, .. n

Then
1 n=d Op 210
(2) n=2 :

n
(3) XlzF=20
r=1
(4) |z|=2for1<r<n

14. Which of the following statements is(are)
correct.

(1) If the smallest value
of |z|2 + |z - 3|2 +
|6i — z|? occurs at z = z,,
then |zy] = 46 and Re(z,) < Im(z,)

(2) Ifthe smallest value of |z]? + [z—3)* + [z— 6]
oceurs at z = z,, then |z|=+5 and Re(z,)
> |m(2)

(3) If |z4| = |z = |z5| = 2, then the minimum
value of |z, + z,]* + |z, + z* + |z, + Z,|?is 6
(4) If |z{] = |z, = |z, = 2, then the minimum

value of |z, + Z,]* + |z, + z;* + |z, + z,]2is 12

SECTION -C

Linked Comprehension Type Questions
This section contains 1 paragraph. Based upon each
paragraph, some muitiple choice questions have to
be answered. Each question has 4 choices (1), (2),

(3) and (4), out of which ONLY ONE is correct.

-Comprehension

Consider the complex number z =§g—_1‘z then

Choose the correct answer :

1. The additive inverse of z is
5—12]
™ 2325

5-12i
. (2) 3+4j

5+ 12i
Q) ¥4

( 4) 53__142’!
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SECTION -D

Matrix-Match Type Questions

Thie enction containg 2 questions. Each question contains statements given in two coly N
have to be matched. The statements in Column-| are labelled A, B, C and D, while the S‘ate,: “"“ch

Columnl are Iabelled p, q, rand s. Any given statement in Column-l can have correct "‘afcm:m"n
9

One OR More statement(s) in Column-il.

1 Letz, = -1+ iand z, = -2, then match the following. E
; ; -f}
Column- Column-l _‘3&
(Complex Number) (Principal A"Qumem) X
3
(A) 2,2; () 7
(B8) 3 (@) 7
€) 2 - 2 | ) %
3n
(D) z; - z, . (s) 4
2 Match the entries of Column-I with those of Column-lI
Column-| Cclumn-ll
(A) If | z| = 12, then the greatest value of | z + 3 + 4i | is (p) 17
(B) If | z| = 5, then the least value of [ z— 5 —12i[is (q) 2
(C) If | z—3 + 4i | = 7, then the least value of | Z | is () 6
(D) If | z—i| = 5, then the greatest value of | z | is (s) 8

SECTION -E -

Assertion-Reason Type Questions
This section contains 2 questions. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2
(Reason). Each question has 4 choices (1), (2), (3) and (4) out of which ONLY ONE is correct.
(1) Statement-1is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1

(2) Statement-1is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement
(3) Statement-1is True, Statement-2 is False

(4) Statement-1is False, Statement-2 is True
1.  STATEMENT-1:3 +ix%y and x? + y + 4i-are conjugate complex numbers, then x* + y2=5 EF -.E!

and

STATEMENT-2 : If the sum and product of two complex numbers is real, they are conjugates —E.
of each other.
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_Ifa, b, ¢, p, g, r are six complex numbers such that P.a, % =1+

" 8iz*+ 1272 =18z + 27i=0, where i = y-1 then 2|z| is

: Advaﬂced) Complex Numbers-I  42;

1lg
sTATEMENT-1 2 f lz + ;|~ a where z is a complex number and a is a real number, the least and

Wid-a  JFidra
greﬂlBS‘ values of |z| are 5 and ————.

and

ST ATEMENT'2 : For a equal to zero the greatest and the least values of |z are equal.

SECTION-F

Integer Answer Type Questions
The minimum value of |2 - 3| + [z 4i] is

f z= 4+3420i,i=4=1, then the positive value of (yz +{Z) is

equal to

2
and %+%+%=0, where i = y=1 then the value of P9,
then value of A% is

Ifx= 1?, where'i= y=1 then the real part of expression

2x4 = 2x2 + x + 3 equals

lfz1,zz,zaarethreedistinctcomplexnumbers‘suchthat : =3 S—

(222 lzs-z| lzi—2z|
9 , 25 ' _49

20-2Z3 Z3—Z1 Zi— 22

then is equal to

If |z—i|<2 and w=5 + 3i, where i= -1 then the maximum value of
liz+ w|is

If z, and z, are complex numbers such that
|52 - 32, +| 3z + 5z, P=A(| z1  +| z P) then A is equal to

Corporate Oﬂicg : Aakash Tower 8PusaRoad , NewDeIhl-11 0005 : f’hone: 101 1 -47623456
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SECTION - G (PREVIOUS YEARS QUESTIONS)
Only One Option Correct Type Questions

-
-

Let 2 = x + jy be o complex number where x and y are integers. Then the area of
N : 371 1 .
the mactangle whase vertices are the roots of the equation 722 + 227 = 350 g

(NT-JEE-2009 (Paper-1)]

(A) 4B (B) 32 (C) 40 (D) 80

Let z be a complex number such that the imaginary part of z is non-zero ang

a# =17+ z+1is real. Then a cannot take the value [IT-JEE-2012 (Paper-1)]
1 1

=i B) 3 € 7 o 3

One or More Option(s) Correct Type Questions

3.

4,

Let a, b, x and y be real numbers such that a — b =1 and y = 0. If the complex

az+b
z+1

possible value(s) of x? [JEE (Adv)-2017 (Paper-1)]

(A) —1+41=) B) 1-f1+y (C) 1+41+ ) (D) -1-fA=p

Let z denote the complex conjugate of a complex number z. If z is a non-zero
complex number for which both real and imaginary parts of (z‘)2+1? are integers,
then which of the following is/are possible value(s) of |z|?

[JEE (Adv)-2022 (Paper-2)]

(B) (C) (9+4x/§§)m ©) (7_1_6_1[1_3)1;4

Integer / Numerical Value Type Questions

number z = x + iy satisfies Im( )=y, then which of the following is(are)

43+ 34205 )""

) (4343 (2

5.

6.

If z is any complex number satisfying |z — 3 — 2i| < 2, then the minimum value of
|2z - 6 + 5/ is : [IT-JEE-2011 (Paper-1)]

2
gi‘g;% is a real

[JEE (Adv)-2022 (Paper-1)]
O Q Q
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Let z be a complex number with non-zero imaginary part. If

number, then the value of |z|? is
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