I} FiLL 1N THE BLANKS
[
[sin | £]+ cus[g]— i tan (x)]
1. [fthe expression — L2 —=1is real, then the set ul ull possible values of xis...
{+27sin [f ]:|
2 (11T 1987, 2M)
2. Forany two complex numbers z,, z; and any real numbers g and & |z — b2, P+ bz, +am|t =... (ITH1S85. 2M)
3. Ifzand b are real numbers between & and 1 such that the points 7 =g +7, 2, =1+ biand z4 =0 fonm an equilaieral tRangle,
then e =...and b= ... {UT 1990
4.  ARCH s arhombus. Its diagonals 4C and B intersect at the point i and satisfy BD =2.A4C. 11 the puifits,D and M repeasent
fha eomplex numbers 1+ fand 2 — i respectively, then A represents the complex munber ...of... T 1953; 2M)
5.  Supposez;, z;, 7, arethe vertices ol an equilateral triangle inscribed inthe circle| z| -2 7 A1+ NIMhef T, =,z = ...
(1T 15534; ZM)
§. The value of the expression

{2 —a (2— o8y L 2(3 —m) {3 —e YA (-1 (- ) {(rn— '), where o is an dmaginary tbe roat of ynity, is. ..
(HT 1595, 2M)

E] True/ FaLse

1

3

For complex numbers 2, = x; + £y and 2; =x= + iy, we write z) M 20 < vafd 31 = p,. Then forall complex nurmbers
-z
ety

zwith T g, we have
l+z {HT 1981; 2M)

If the complex nimbers, z,, 22 and z; represent the vertiges of antequilateral trizngle such thar | o [={z;| =] 2, |, then

z-l + zz + 33 =ﬂ.
{IT 1984; 1M}

The eube roots of unity when represented on argamdydiagram fome the vertices of an equilateral triangle.  (NT 198B; 1M}
OBJECTIVE QUESTIONS

w Chlp ore opian Is correct !

1.

— 5 = 0
: N VE N M3 )
The smallest positive integer i for which [E | =lis; 3 Iffz[? 'EJ "‘[—2— _iJ » then : T 1952; ZM)
Ty
T 1980 (atRe(2)=4 MIm (z)=0
(a) 8 (Re(2)=0Im{z)=0 (@Re(Z1>0Im(x)<0
(b} L& 4. The inequality] z — 4| < |  — 21 represenis the region given
(el 12 by : (T 1982; 2M}
(d) none of thesg {1 Re (320 (b)Ra [z}«
The compley, numbeis z — x + ¢ which satisfy ihe {c) Re (2)y=0 {d) none of Lhese
equation z =§i . (T 1981 2M) 5 Ifz=x+fpand w={1-#&/{z—0), then]w| =1implies
231 that, in the complex planz : [T 1983; 1M)
{a} the ¥axis {2) z lies on the imaginary axis
{b} the straight line y =5 0 F l?vEs on the ree%l a;:;is
{c} a circle passing through the origin (<) 2 lies un the unil cirele

{d) none of these {d} none of these



10,

11.

12.

12.

14,

15.

‘The points =, 2., 23, 24 in the complex plane are the
vertices of 3 parallelogram taken inorder, ifand enaly if;

(IT 1983; 1M}
bz 12y -z + 7
(d)nene of 1hese

(8] 2 2y =24 + 5,
(Choy iz =2y + 24
e, by and & v, ware complex numbers representing the
vertices of two [riangic such that o —{1—+: « + b and
w={1 = r)u+rv, where ris 5 complex sl 1len [he
two triangles M 158s; 2M)
{a) have the same arca
() are conyrient

(by are similar
() nome of these

The ﬁ'uluenf;‘. s.ingE—r'(:mﬁ is:

k-l 7 7 ) * OIT 1987 2M)
{a) -1 (k0
() — (d)

(¢) none of these

If z and z, are twa non zero complex numbers such that
|2y + 22| =| 2| +] 2|, then arg 2, — arg =; is equal to :

(IT 1987: 2M})
- o
(a) ~= (b 5
0 4 X
{e) { }2
(e}m

The complex numbers sin x + {cos 2x and cos x — 7 sin 2x
are canjugate to each other, for {IiT 1988; 2M)
fa)x=nt {hyx =10

felx=(r+12)x {d) nor value of x

If w(=1) s a cube ro0t of uttity and (1 +m) = A4 B

then 4 and & are respectively : (T 193%)
(a) 0, 1 {hy 1,1
1,0 (d) —lal

Let z and w be two non zero comple numbers such that

|z{=|w{and arg z + arg w= m thegz cgilals © (1T 1995)
(a) w (b —w
{c)w fd) —w

Let z and w be @aycompicX numbers such that[z <1,
|wislandfz+ iwis | %0 = 2, then z equals
{IT 1985)
(a1lori (b} for ~f
) | ar -1 {difor -]
For pesitiveintegers my, 7. the value of expression
QDS 5" 1 5417, here = v—1

i3 a real number, if and oniy if : (HT 1995
(am =n +1 (bya, =n -1
(che =n {d)a =0, =0

Ifois an imaginary cube root of umity, then (1 +6 - w37

15 equal 1o ; (T 1%498; 2M}
{11280 (b) — 1280
{c) 1 28e? () 1280

16,

17.

1a.

1%,

20.

21,

22,

23.

24,

13
The value ofsom X (7 4417
|

"=

) where 7 =+—1 equals
(IIT 1908 2A

(a)i (hyi 1
{c} # (d) 0
of 30 1
{4 3 -1|=x+fethen: (1T 1588 24)
W3 i

fayx=3, v=1 (Byx =1 p=|
{chx=1 p=3 (d}x =0, =0

£ Yo 1% s
11':‘:\.":, then 4+5‘ - -kl] +3 [——+1J

z 2 2 2

L
iz equal to (T 193%; M)
(A - i3 =14 3
(e} i3 @ -iv3
IlMarg (z)< 0, then arg (—z) —arg {z) =: (1T 2000
fax {bh—=
(o) - w2 (dyni2
Il z4z. and z; are complex numbers such that
J5 1% 2z = 1 +L+'L =l then |2 +z; + 23}

=) a0 £

i5: LT 204303

(B) less than |
td) equal to 3

{a) equal wo 1

{c) gregter than 3
Let z; and z, he #™ roots of unity which subtend a right
ungle at the origin, then # must be of the fonn (U 2001)
[a) 4k +1 (b} 4k +2

{c) dk+3 (d) ¢k
The complex mmbess 2y, 24
] —dz —f E - - . . -
A7 1- RE) at the vertices of a trianple which s ;
(NT 2a01)

and  z; satslying

I3 — =3 2

{a} of area zero

{b) right-angled isosceles

(c) equilateral

{d) obtuse-angled tsosceles

let m=-— l +1 ﬁ,
3 -

a

then walue of the deterninant

1 l 1

1 —1-* o lis- fuT 2002)
bl
1 i 0

{8 3
{e) 3"

ETITEEY
(3wl —w)

For all complex aumbers 2.z, satisfying | z,| =12 and
| z3 = 3 —&i] = 5, the minimum value of| 2, — z,|is :

(T 2002)
(ay i
7

(b2
(d} 17



25,

2b.

27.

24

P

If{zf =iand w= ] (where z=— [}, then Re (w)is :
z+1 {IT 2003}
l
(a)0 {b) :
[z+]]
1 1 7
{EJ—{- , )2
2+ |z +1° 2+
f w{zl) bs a cube rool of unity and

{+0° 0" =1+, then the least positive value of p is
(T 2004)

(a) 2 b)3

()3 (@6

The minimum value of |« + b+ cr’f, whers g, #and ¢

are alf not equal inmeegers and e (% 1315 acube root of unity,

is: (T 2005}
(a) 3 (b}é
(el {dy

The shaded region, where £ = (-1 0), @ =(-1 + ¥, -.E}
R—({-1+4/2,- \-'E'} § = (1, 0)1s represented by :
y ([T 2005}

&

2] OpJEcTIVE QUESTIONS

w More than one opiions are correc! !

1.

If zy =a+iband z; = ¢ + id are complex numbers such

that | 2| =|za| =1 and Re{zz,)=0. then™ihewpuir of

complex numbers w, = o + o and wo & WS 4 satisfics :
QIT 1935; 2N}

(I} | wa| =1

{ddnone of these

()| =1
fc) Re (w wy =1

I3 susiecTivE QUESTIGNS

1.

1t 35 piven that » ian odd integer yreater than 3, but a2 is
nat a multipletef JProve that x° < £% + & is a factor of
e {IT 1980}

Find the real Salves of » and v for wlich the following
equatiomis satistied

T+ Hx-2 (2-3y+i
S

x+0" =x"

(T 1935}

3+

Let the complex numbers 2, z; and z; be the vettices of
an equilateral tiangle. Let 2, be the circumcentre of the
triangle. Then prove that {IT 1821; am)

.
it v zd 42§ =3z,

29,

30,

31.

a,

(@} z+1>2 |arg (= L)<

(b z+ =2 |arg{e+1<

{cilz+]=2 arg (z +1}] =

Bojp B Rl

(dj|z—1|-:z_|mg{z+1}}§

w=a + i where [§ £0and 2 21, satisfics the condition
mm[w__

wz .
- |18 purely real, then the setof velues of 2 is

= LT 20D85]
(a)| zf =1 = =2 (b} z| -1 and gz !
{ciz=z () none o these

A man walks a distance of 3 unitsffefipthecigin towards
the north-cast (N 45° E) direcuon, From there, he walks 2
distance ol 4 units towardewhenorth-west (N 45°W)
direction to teach a point £ Thenghe position of P in tlic

Argand plane is: {liT 2607}
(0 3e™* +ai (h1{3 —44) ™"
(e} {4 +3 He™" (dy (3 + 4ye™
[f] 2] =1 aptl 2 % =1, ¥KEn alf the values of —lie on ;
-z~
T 2007)
(@) @ lifte notpassing through the origin
(b | =l
(Chthe x-axis
{d) the y-axis

Let z; and =, be complex nunibers such that =, 2z and
| 2] =] 23| If =, Bas positive real part and z, has negative

. . I+ =
imaginary part, then “2 "% may he .
& — T2

{117 1986; 2M)

(b} real and positive
idj purely imaginery

[a) zery
(e} real and peative
{e) nong of these

A relation £ on the set of conplex numbers is defined by

2 Rz, ifand only if & 7 %2 is real.
LIRS (T 1982

Show that K is an equivalence refation.

Frove thar the complax numbers z,, 2. and the origin

. . !
Tormy an eguilateral triangle only il 2 z§ - Iy el

(MT 1923)
[T, @85, &, - are the n roots of unity, then show
that (1T 1884)

(I—ai{t-add —a}. (g, d=n



Clamprex Mounbers

7. Show that the area of the triangle on the argand diagram

formed by the complex number z, #z and z + fzis % |

(1T 1986, z%m

8. Complex numbers z).2,.2; arc the vertices A &,
respectively of an Tsosceles right angled triangle wiin

right angle at C', show that

(2 ~21)" =2n =20z 22) gyr s, 2; M)

9, Let z; =10+6f and z, =4 +6L If z is any complex
number such that the argument of (z —z)f(2—z,}1s
(1T 1231; 4M)

/4, then prove that | z - 7 -9 =342,

10. T} + 2% — z+i=0, then show thal | z| =1.

{IT 1935; 5M)

11. |z|£L|w]£] show that
|z —w|” <t2d—|w|) +(arg z —arg W)’

{iiT 1995; 5M)
12. Find all non-zero complex numbers = satisfying z = =2,
(T 1996; 2M}
13. Let z; and z, be roots of the eguation 24+ pzig=0
where the coctficients pand § may be complex numbers.

Let 4 and B represent z; and 25 ih the complex plane. If
< AR =a = and G4 = OB, where (2 Is the origin prove

that p~ =4y cusz[%}

14, Let bz+bz=0p h#0, be a line in the compleR, plaie,
where b is the complex conjugate of b 1f a peiaf'z, 1sthe
reflextion of the poinl z, through the line, thenghi that

{ITHA97C; M)

c=5b+ b

(1T 19575 5N}

15

15,

17

1a.

19,

20.

For complex numbers z and w, prove that
Ez|2 W—| w? z=z—wifandenly ffz=wurzw=1
{IT 1995; 10M)

Let a complex number o, & =1 be 2 rout of the equation
LSS AR AT QT 2002; 5M)
Where g arc distinct primes, Show that either

bao o e =0
ot 1+t +a? ..., Feg T =0
but not both together.

If z, and z; arc two compiefynumbigrs such that
| 2|« 1< | 24, then prove that

]. =" .?'l EE
— = (T 2003; 2M)

12147 %2
Prove that lhere exisisno cemplex number z such that

I nﬂ.
| d= Ea.m:l LI @l — L avhere|a, <2 (T 2003; 2M}

Find the'@entreyand radius of the circle formed by all the
points represénted by == + iy satisfying the relation
=

=E¢k 1), where o and P are constant complex

o =

mimbers given by =a + -, B =Py +ifls

{IT 2004; ZM)
If one of the vgti::es of "t_he square circumscribing the
circle |z—1=+2 15 2 1 ¥3{ Find the other vertices of

SquUAre. (T 2005)

B4 il in the Blanks
Lx=2nm+ 2o, o =tan. b Kowher®k e (1, 2700 x = Inx

5.c, =-2 5 =1-i3

4,3-for1-
2 2

E True / False

1. True 2 True X Tuc
E Objective Guastions (Cnly cne option)
1, (d) 2.(2) 3. (b 4, {d}
B %) 10, (d) £1. (b}
15. (d) 16 (b} 17. {d) 1R (c)
22, (c} 23, (b 24, (b} 25 (a)
29. () 30, {d} M. (d)
E_Dh}ecﬁve Questions {Mora than ane apfion)
L{a b, ¢} 1. (a, d}
Sublective Questions
\lri i
Z.x-Jand y=-1 12 ==i,+ — — .
2 2

2!].:2=—\'r3 i'.;-'_;-'-l'l—'uﬁj-i-fand:.;={l-l-' ﬁ}__j

2 (o + B8N E 4 1zl Ja=h=2z3

&%n[n —l}l{n" Fin+ d)

5. (b} &. (b 7. (b}

2. 1d} 13, (e) 14.{d)
19, {a) 20. {a) 21. (d}
26. (b 1. fc) 28, (m)
1%, Centre = = _kiB.Radi_usz ?;Tﬁ}‘




N FiiL v THE BLanks

1.

If
. X xh o,
[sm-- +cns—J— itan x
2 2
~ =R
1+ 2isin
2
sin® 4 cosT~jtanx b4 1—2isin
2 2 2
= —

l+dsin? X
2
1t will ba real, it imaginary part is zeto
—Esinf{sini +CO08 f}—‘ﬁm.\:={}
2 2 2
or 2 sin 545in£+cm£ oS X +28iN 2 cos > =0
2172 2 272
or sin 2 Jﬂfn£+:mf}{cns Y osin? L yeos |0
2l1 2 2 2z 2 CZ

sin§={] = x=2m (1)

or sinf-H.um:E UUEEE—Siﬂli +eos X =0
2 2 2 2 2

dividing by cos’ g

(1an£+l][l-tan3 E]+(l+tem2 s
P - 2/ 5

1 X

= tan” — mnf--2={l
2 -2
Let tan > =7
2
fln=r —r<2

then, £ {l)=—2<0and £ (27 4=0
Thus f (#ichanges sign ffotmnegative to positive in (1, 2)
.. et f = £ be the rootdor which

f{.‘.’]=ﬂ andy) & =(1,2)
f=F \or tan§=k=tarm
Hende, E=1"ir:n~|rv|:t.
2

oy | XSRS 20 =tan ' k. where k (1,2}
Or x=20K
ez —bz:li +| Bz *ﬂzz|2
= {az| z||2 + r5’2| "Z:|3 - 2zh Re (z, 5_1]}
= 8% 7, |% + a%| 2,|* +2ab Re {z, 2, )}

=(a@® + ) n|" +[5*)

_SCLUTIONS

3

Since z],lzz and z, torms an equitateral A

= zf."' +21.2F+.2.'3Z =I5t IaIy = 342

of {a+ 57+ {1+ 5 +00° ={a+ )1+ +0+0
= a’ —14+2ai k1= b* \ Dih=a+i(ab+—F

= (2t -AY ) 2i{a+B=fa- B +i(ab+1),
on comparingg” —b% =g —hand 2 (u + Mlaub + |
= (g-B{a+d-i}=0 oand 2(gdb)=aksl
= {a=bora+b=i} ad 24a+512ak+1
f a=# = 22a)=a’ +1

ur a:~4a+1' i
4 u"
If a+5=4
= Z=a(l<a)+l
= at Ha+-1=0
—
+.0—
= a=l_d"'l 4,huta3ndhER

conlygoliion whenu=1b

= a=h=2+3

s+, M =2 -i){mven)

#nd diagonals of a rhombus hisect each piber,

Let B =={a +ih), therefore
&+ | —2, b+1
L

a +l:4,b+l=-2
a=3,b6=-3
B=(3-11

o _D{141)

NI

Again DM =2~ 17 + (-1-17 _,h =5
bt BD=2DM = ED=2~."5

atd 2AC = BD = 240 =25 = AC=+5
=

and  AC =24M =5 =240 = AM = 12?.

Now, iet coordinate of 4 be {x + W)

bt in a rhombus AD= AB,
AP? = AB?

therefore we  have



(=1 H (=D =0 =3 + (g +3)]

=
= x4l y: s{-2=xt +9—6.'r-i—y2 +8=5y
= dx -8y=18
= r-2uv=4
) x=2y+4d A
Awgain AM =§
= AM? =2
4

2 .z &
= {sc--lj"+{Jr+i}‘=E
From eq. (i) puiting the value of x
= 2y 4-230 4 (1 —%
= Oy +(r+ 17 =57 4

4yt v d+8y+ ) +142y=574
Sy’ w10p 4 5=5/1
znf +40p+20 =3
20y’ + 40y +15=0
47 1By +3=0
4}'1 +6y+2p+3=0
2yQy+31+12y+3)=0
Cr+12y+31=0
2y+i=02y+3=0
p==1/2 y=~112
Putting these values in oq. (i)
T=2{-T 2+ d x=H-3/2)+4
= x==l+4 x=-3+4
—F r—=3x=1
Hence, A iseither3  —orl _H
2 -3

F

R L | | | R

Alter
Ag Mis the centre of Rhombus,

- Dy rolating D aboubdd throughan angle o 70/ 2, we
get possible position ofd.

23— 22 _| 20—l o2

=

2 — & ]21"3'3|

= zs—q—@—hfk]—(tf?
-1 21 2

A ;{2—131;—?{21'—1]

i A
:{Z-f}i; (-2—p oAb =
_M4-2i-2-0 4 -H+3+7
2 S

71_2 ;. 3_i
2 2

Aiseither[l-—%f}ar{j—é)_

5 2 =14 &3 =7 (cos B +isin®) (let)

= roos0=1rwnb =*."§

= r=2 and B=Wm/3
50 & =2 (cosw/3+{sinni3))
since | 25| =| 25| = 2(given)

Now the triangle 2, z, and z; being an cquilateral and
the sides 2, 2, and'z, =z, make an anple 2/ 3at the centre.

y-axs

e
Zs Iu'{f . \
T L @iz
F{1,0;] \0 ;‘ / ] ke
Z, .
iherefore  (Péh, o ; +? =1t
arnd LPiz, =E+§+EE=5-“~
i ¥ 3 3

thefefors 2y =2iposn+isnm=2{-1+0}=-2
- IIl_ _
and™ = =2(c03ﬂ+fsin5—ﬂ =2 l--:'ﬁ =1- i3
3 3, 2

{\ p
Alter

Whenever verlices of an equilateral A having centroid is

given its vertices are of the from z, za, za®.

o IFonc of the vertex is z; =1+ i3,

the other two are (zm), {zlmz}
L
- u+w':-7}—“'+;*33'..U+w’§}——"'1;“h3'

~0+3) 0+ 243)

—
2 2
. _z,_.{‘z”f‘ﬁ}ﬂ-:ﬁ '

z;==-2 and g, =1-Af3.

T, =Hir+ D -w]tr+0-n]
=r'L[r+]}: —fw+a’yr+Ti+o’]
=r[r+0f +(r+1)+1]
=r[r? 1420 r—1£1]
=¢[r® +3r +3]
=ri 3137203

Therefore, the sum of the given series

(r=1]

= E! {r3 +32 +3r)
F=



=) J0
ear Apand 512 &=

I J [’E.-i]_., [
: - — =7 - .
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(ZPYT=2+2 ¥
ANV
13mEUE EA3AI0N S (D) "SURH
N {Zhu] puT D IEY =
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1
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pur ¥ [mawnnba jo  sadmaa ame iz “-z"z H

(1) Ag snnst g 24 pUE[E A + x50
ip~oy+ uu(l &)
(910 -Up+u— ze;u;[—u}

[o+ {1 —wgdp + w1 - wif{e) (1 —4)
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03w
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Compler Mumbers

|z -d|<|z -2t

as, | £~ ||z — 25| represents the region on right side af

perpendicuiar bissctor of z; and 2,
|22z —4]
Re(z}=3 lm{z} s &

y-3Mig

= and

0

S

O o Gom ey o xeexs

,_’

Hence, (d) is the correct answer,
| ]_ e
|w|=1=>w =| —'figivas,|z--f!=|1 - 2]
I

= |z—i|=iz +{f
as.
perperidicular bisector of (0,13 and (@, —1) i.e., x-axis
Thus, = lies on real axis.

Hence, (b} is the cormset answer,

i—az|=l-i|[z+i]=|z 1|

AS, £, £1, Iy, I are vertices of parallelogram.
=+ mid point of AC =mid point of 8D

7]

Ciz]

Z) 2y Byt
22
ntIz=2; 0 5
Hence, (b is the comect answer,

Since a, b, cand 1, v, w ere Merticgs of two triangles

a u 1l
= & v G Whetde =(1- ) a +rb
ic wal
and w—{]-#ya+ v )
applying Ry = A7 —{{1 -3 %, +rR }we mat
o " ] i
= b v l '
c-{-Ra—-rb w—{l-Flu-rvi-{d-r1-~
@ wu |
=ld ¥ 1 [using {i}]
¢ a4 ¢
=0

Thus, two tiangles are similar.
Henge, (b) is the correct answer.

10.

11.

12,

13.

b
Hera, x-E| [sm& ) 2&7:]
= !

i ( 2En . zh:']
= = CO8 e IR ——
kol LY T ?

r

% 12ka
=—1 ZE 7
k=]

12x07 tdn /7

+e +e

Pl 27
T e

- "j{l? e

B ST
et +

+e
aid
| 0=
=—fip e
I_E] 1!
1'[312.1.-'? _ il
et |

- LEY
l | L2ni® J-Ea” }

. ﬂr'Zn-'"? -1 )
p |-
1_E1‘211.-'?

Hence jdPis the correct answer,

LEE }

Aim

AS. | Zj o 25| £ z¢] +| 24|, squaring both sides

S " ¥P%1" +2)2,]| 2,] cos (arg 2 —arg 32)
=|3|IE+|21|2+2F2|||22|

= Azl cos{arg ) ~arg 2, )=2fz|| z|

= Cos (arg z) —arg z,) =1

= arg ) —arg 7, =0

Henee, () i correct answers,

As{sinr+fcus'§}:cusx—fsin2x

=

=

sinx =cosx and cos Ak =sin2x
tanx =Tand tan2x =1

= x=x/4 and x = n/8 which is not possiblz ar same
time thus no salution.

Henee {d) is the correct answer.

(+w) ={1 + @) (1 +o)°
={l +o) (-»")"
=1+

A+ Bo=l4m = A=18=1

We have to find z in terms of wunder given condition

=

Lat w=re® W= ?
z=ret T ot ol
s—pe M ==
W have |z+fw|!=fz—EL_uE=2
= |z —(-iw)|=|z —{fw¥]| =2
= [z— (=) = 2 - (-},

. zhies on the perpendicular bisector of the line joining
- iwand — iw. 8ince — fwis the mirror image of — fwin the
x-axis, the locus of z is the v-axis.



14.

15

16.

17.

Let
Mevw

z=x+ivand p=0
lz|=l = x* +0° 21 = —jgxxl
. 'z may take values given in (g).
M+ +(1-0T ++i}= + {1 -H™
=[MCg + MO O+ CE 4]
+[MECG - MOy i+ O =N L]
VIRC + MO+ 20 - RO+ ]
[, — My i+ PO = =0 L]
=[N0 + " i+ M ]
+ARC, + O+ RO, e ]
=2MEC, - MIC, + MO+ 14 2[R0, -
+ 0~ ]
This is a real number irrespective of the values of 2 and v,
Alter
AT 0= 1H{0-D" 1 (-
= ateal number for all 2 and »; < K.
fas. z+z =2Re{r}
=1+ 0" +{1 - 17" is real number for all n & R}
~ (dY is the best oplion.
fl re—n') =(-n’
=(—20°) = (-2)T(@?)" =
Therafore, {d) is the ans.

iy}

_m:)?

128007 = — 128"
3 | 13 13
S+ Y= B+ =0+) &

n=1 n=1 Aa=1

:{l+f}[r‘+r‘1 it -|-£”']={I+f}{.i?__—ﬂ}
—3

= (1 + i} i = — 1 + i Thersfore, (h)is the 2ms.
Alier
Asg sum of any {our consecutive powers’of iota iy 2ero.

ﬂ'é“n +:"“']=[1‘+:‘2 +"_+fm}
+(E+
-t i '
=f-1
ba; @=3f W 1
4 51 i) =x + fv{piven)
20 3 ]
6 1 1l
— =X 4 li=0
20 i f

[+ €y and 5 are identical].
= x+iy=0=x=10, y=0Thewfore, (d) is the ans.

18.

19.

20.

21.

Ifin a complex number a + b, the ratio g ; Ais1: 43 isthen
alwiys try to convert that complex number in w.

o1
ﬂ]:—l-‘-ﬁf
£l
11.'3
2

202
Therelore, 4+5[—5+£] +_~,[..-E+

2

Hera

= 44 50 + 3w ¥
=4+5.(m3}1” o +3.i0° ) w®
=4 + 50+ 30°
=1+3+20+ 3o+ 30

=1 +20+3 (1+o+a Yol + 20 3x0

(Dlio+o’ =0

(ro’ )

=1+ (=1 + w38y "B

Therefare, {c) i the ans.

Arg ()< O {given) ¥
= arg {zF=—-8 =)
MNow, z=rgos{—0F+isin () r -0

o r (cORO'— £5in ©) N ¥
again —&=—#[cos i —isn 8] '

=rlcos (R—8) +isin (x—-6)] (2}
arg (—z}=r-9
Thus, arg (—z}—arg (2y=n-8-(B)-n
Therefore, (2} is the ans.
Alter
arg (—z) - are(a) = arg{i]='a:g (-h=n
Z
|z | =] 21| =| 24| =1 (given)
ND‘W, |Z|_|=]
" by 11
= EI E] =.|._,
Slmlla’ﬂ}? Z}_E} =], 3353 =1
Mow, —l-+L+i=E
I I 2
=‘u? |EP+EE+E3|=I
= |Z'l +22-+ 23|=l
= |z + 23 + Zal =1
Thercfore, (a) is the ans,
] L ) T R
arg—:-:v——cns—ﬂsm-- =
2'2 2 Z'I E
olzz|=1z=D
n
Z] et
E = (f}
Hence, =1 = a=d4k

Therefore, {(d) is the ANSWEL.



L WLImery

22,

23

25,

,,-”}"""

5 -z _1-#3 _ (- aB)L+H3)
-z 2 2(1+i3)
_1-43
21+ ilf3)
: 4 -2 \\
20+i3)  (+ i) e
2 oz 1+ oL W
= L. =Cos — + /8N -
ZI —Z_-, .2 3 3
572 und arg( — % |——
I T3 a3 ) 3
Henee the A is cquilateral. Therelore, {¢) is the answer.
Operate  H, =R, R R, R, - R, the given
determuinant reduce to
] i 1
=0 2 @' o -l ot =)

b i1 w-l

C = (=2 - Ww -1 - (0° - 112
= — {=30” +3m)
=3wim -1}
We know,
|2y =25k =[z; = (2, =3 - 47} -3+ 4}
Zlzyi -z - 34| —[3 + 4
212-5-5(using |z, —z,| 25| -] 2])
. |zy - 2,22
Alter :
Cicarly from the tigure | z; - z5|is minhmem when z. . 2
lie alony the diameter,

|Z| —zﬂECEB—CZH

>|2-10=2
SiI'ICE+|3| = =@l w:i._..l.
z+l

1+w
ol B VT ST Y .

IT=

1—w
[+

= ld= TR

= I—wl=|1+w/{as, |z =1}

Squanng, hoth sides, we gat
T+[w|* —2|w| Re (w) =1+ |w|? + 2!141]1::(»“]

26,

2F.

23.

{using; |z + z,* =|5," +|2,* £2| 7| |2,/ Re (2, 5, )}
=¥ 4[w| Re|w|—(hor Re (w) =0

Here (1+e°)" =(l+n*)"

= [-@f =(—0°)" {as0” =landl +m+m’ =0)
— a’ =1

=» 1 =13 is least positive value ol n,

Letx =|a + b+ cer™

= x’ =|a + ba+ e |

=|{a2+bg

or x° =% fla— " — (b —c¥ 3 (c2a)’} A1)

+e? —gh—pe- e}

Since, @, b, ¢ are afl integers Bur not\dll ximultanzously

=i

= fo=bthena=z=cand b

Ag, difference of intepers Sliniézer,

= (b—0) 2188 minimum  difference of fwo
consecutive inlege® is (£} also (¢ —a)” = 1

and we Hive takef'® = A = (g « 5)F =4

thusefrormiegualion (i),

xf ﬂ%{[_a 287 £(B-cf +{c—a)iz l 04141

= xtzl
of hinimum value of |4 =1
As{ PO | =| P8 | =|FR|=2
- Shaded part represents the external part of circle having,
centre (-1, 0} and radius 2,
As we know equation of circle having eontrs 2z, and
radius r, i3fzr — 7| =»
[z—(—1-H)=2
= |z+f=2 )
also argument of z +1 with respectto pasitive direction of
x-axis is wd.
LT
argi{z <~
4

and argument of z — 1 in anticlockwise direction is 1/ 4

r /A< argiz i) . (i)
or |arg (z+1)ismf 4
Let,z =— :z . be purely real,
= B = &y _
W-Wz w-wg
-z 1-F
™ W W — Wi+ Wi-Z=W oW —WE b uZeI
= (w—5#) + (7~ )| = | =
= r-®) 0 -2y =0
= [zi* =1 {as, w=W 20 sincep =0}
= |2]=land zz1

Hence (b) is the comect answer.



3l.

Lol ¢4d =3, 50 that the complex 7

nuinber- associsted with A4 is ™ A
3™ 1f zis the complex number :Le'“”
associsted with P, than 5

2—35‘-'”:“1 4 -mid 41

—.'_1 — . = = i N

g-32™ 3 3 o -
= 3z-0e 21247
= z={3+ 4™,
Let =—cowh + isinD

z _ cosB+fEaf

=r

1-22 1- (cos 28 + F5in20)

I8 OBJECTIVE (MORE THAN ONE OPTION)

ll

go=a+iband 2, = ¢+ id
As [z =a®+5" = and |z5" =¢® +d% =1 ..{D)
also Refzz,)=0 = ac+bd=0

a —d . ..
—_———=A a il
r T (i}

trom (i) and (i), 5%0.° + 3% = o7 4 A%e?

F
= b=’ anda’ —d°

-

now, |‘I-1.’-||:V'{Hz+ﬂ'3 —~|,|,'Ii::3+£12 =1
[wy =B~ d =qja’ 5 57 =)
Re(wy Wy ) = b+ cd = (A )b+ o(-Ac)
= hid® —e*)=0
Hence, (a), (B, (c}-are COITECT answers,

I svesective QuesTions

1.

As n is not a multiple of 3, Butsbddgintegers and
¥lxtax =O0=>x =0t 0

Now when v =0 == {(x+13" =%" -

P~ 1=0
x =0is rootof e )" —x™ -1
Again when -y
= 1) —x" -1
= (lral%i’ -1 = -0 -0"—T=0

{as n 19mota multiple of 3 and odd)
Similarly x = is root of {{x +1)" —x* — 1}
Hence x =0, &, 0% are roots of (x+ 1" —x" ~1

“Thus x? + x% +x divides {x +1}" —x™ -1,

{I-:—z'}x—:i_l_ (2—3:’}_1.:+:'_E
3+t 37 v

L3 T iENY

- Zsin® @ - 2fsinHcosB
u(_:_s_ﬁ! 1 Fsin
—245inB {cos @ + Jsind)

L3

__F
2=inf

Hence, —= 7 lies on the imaginary axls i, x =0,
1-=
Alter :
z 4 e .
Let £ = =— " — = ——which iyfimaginary.
1-27 m~z® ZI-:=
Z| t iy By — 2
|z|=| 25|, Thus, 1 —224, 1 2
E —F I )&y
— A 2]32+21-'3] — &adn
-1 —z2|2
2 y - 2
- [z | +{Z;E!—'Z;3'2]‘—J22i
ka ]
|z — 22
T X — Ea X 3 3
= PRI B (o 5 2|5
Real nnber

Az we know z — z =2 Imd{z)
N Elzl _zl 32 =2£[ln (ZEZI_}

o — T |21-—zz}:
which is purely imapnary or zero.
Hence, {2} and {d} are correct answers,

20+003-Hr=-2HE-0+03+D2=-3y
+HiIG+ 0 =10

=dx+2ix -0 -2+ p-The+ X -1=104

= dx+y-3=0 and Ix-7p-3=10

= i=3 and y=-1.

A3 7y, 7, 2, are vertices of equilateral triangle

> Circumeenfe(z;) = cenunid[ M—?-ﬂl ] i)

also for equilateral triangle
X -
zf + z:.%' + 23 =3 k53 55 . i1

Squaring (i), we get :
025 =2f + 25 +25 +2 (522 + 2323 + 27,)
; {using (i)}

g =z +28 =28 +2(22 + 23 #2D)

= 3,:,§=3:|2 +z§+z§



LTI
2+ 2

Here, z, Rz, < is real

(i) Reflexive : z Kz, & ara ={} (purely real)
2y 1 Zn

=z, Bz, is reflexive.

(if) Symmetric : z, Rz, ¢ -—2 is real

Zy A" Za
Z1—Z ).
- o G Bl 70 FI
ZL - ZZ
= 74 R
I|RZ:|_ = ZERZI
Hence, symmetric.
n e Rz 3[ Z: N I_
(iii} Transitive ; oy Kza = 15 rea
I 47
Iy —2Iy.
7Rz, = 2—2is real
o+ 2q

Here, let z; =x; + fy, 33 =x; + by and 73 =x3 +iw

&y — I isn‘:al:;w(x' '_IE} t i":.]?'l _Pg}iﬁrﬂﬁi
2 42 (% + X4 15700 + 1)

oy A0 —2 )00 = 3 ) HOG +2,) = {000 + 1))
(xy +2) + {4 )

= (3 )t} —(xy —xg) (¥ + )=0

> Ixgp —2px =0 = hoX (1)
: o ¥
Similarly, z.._,Rza — F2 :xi ediil)
Yz P
From (i) and (i), we have 7} =3
¥ M
= ZRzy

Thus £, Bz, and =, Rz, =Sz, Rz,. (transitive). Hence R is
an aquivalence relatign,

As z,, z; and oripgin forms @equilaters] iriangle.
{ we know if z, 23, z; Tarms equilateral A
=3 Z$+Z§+E32=ELEI+2123 +233|}
5 Pepa0® =5z, +2,.0+0. 7
or v :§ = 218y
2 2
= WNE +I -2 =0

Asl.ay a0 e, a, ) are n® roots of unity

S —D=s-Dir—a ) {x—as}t..{s—a, 1}

" -1

or =(x-adx-a)..{x-a, )

=1

izl
=l —a Mr—w ) —a, )

Putting x =1, we gat

[+l 4+ omtimes=0 - ) {l —a;).....{l—a,_,}
=l a){l-azt..(i—a, _l=n _
We have : . This ¥
implies that fz is the veotor | iz
obtained by rotating vector z in

anticlockwise direction through
o, Therefore, G4 1 AB. 5o,

Arcaaf A4S =-éiil=! =8

Iz A

= 0 x

1 A Y.
=-jz|jE A=l E
2i |f#=i 2l|

Since, A is righl engled 1sosce (oS,
Rotating 7, absul z, in A&}
anticlock wise direction through
an anele.of 72 we oet
Z Ed |5~ 2l
-7y 1% —

where, |8y 22: =12, — 2,

=g Wz — z3)=1ilz; — 54)

squarring bolh sides we get,
(3 -2 Y =—(z -5

-
23 b 23 —2opap = -z — 2 +232,

B {zy) Gtz

2 1 n _ T T I
I ¥ &g —sE|Ey —Ezizl; '!'2Z223 233 2¢:;2

(z ~ 23)3 =2z - z_;f}+ (Z28; — 222 )}

b 4 ¥

(z, _22}2 =2z — 23025 — 2]

Asz =10+60L z, =4 +6i

-, -
L

and arg[ o ]—E represents Joens of z.js a circle

T— I
z

shown as

T

zB:{m.Er;

U (7,00 (1)

(4.0}

Ag from the figure cenmtre is (7. 1) and £ AOQ8 =007
clearly (3 =9,

= OD=6+5=9
. . & .
s Centre = (7,9 and radius = — =3 7
N &7

= Equation of circle o] 2 — (7 +94)] =342



10.

11.

1 1

27zt -z-i=ik {given)
= 27— itz —z+i=0 (v 2= 1)
= Zi(z-N-1{z—0)=0 '
= (iz? - 1z —71=0
= g—i=0 ot izt —1=0

\ a . ,
= z=1 nr 22 =lfi=-|

irz =i then|z|=|i|=—L
wwzd = g dhen |27 =1—F =1
= |z]¢ =1
= | z| - 1 theratore we have| z| =1
Let 2 =7 (cos 8, +isiné, Jand w=ry(cos By +isinly)
We have | z| =4, || =ry, arg =8, and arg w=0;
Since|z| <h|w|< 1{given)y—>n = land » =1
We have

—w={reosh —mcosl,y)+issing,
= |z —w|® = (5 cosd —rz_msegf

—Fzs\lﬂﬂjj

+{r sin & —r, 5in & ¥
—rPcos B + 5 cos” B, —-2r|r2r:ﬂsl3 cos B,
+ 7 sin® 1, + ¥ sinC 6, — 2 sin By sin O,
=t leos” 8 +sin B )+ 8 {m15292+51n a4
—24, r, (oo By cos B +sin Q) sind, )
81)

={n - r?_)' +3nreosly -9}

= (1 — ) + 2l —eos (0 -61)]

:f| T?’z zrlrgﬂh{ﬂl

- IKB f—
={n —m) +4J"|A"1sir|1 ' HE}
2 r
2
£|-"l-—r313 [ 4|I:-;inB] Ll [, n 21]
and Enfl 2 in v 2F
2
2 E —ﬂ-ﬂ
Therefiore |z —w I‘EIrl—r;._|2+ 4||_1 2
< il %18, - |2
= 1z-wi 2 Qual )+ —arg wi?

Alter
|z~ id=Nal” 1wt ~Zzliwlcos (arg 2 — arg )
=z +|w|‘ =2 z||wl +2] zt|w —2 z w
cos (arg z —atg w)
e

=3 a2 }...m

(as, sinB < 0)
2
2w 2 (] [wl)’ +4.1.1[£’*’;_a"g_“]

= lz-wi 5 (el - 1) +(arg 5 —arg w)?

= z|,—|u|} +2| z|| wl.2sin

1.

13,

Letz—x+iy
sitice = iz° (given), we get
(x—Fy)—E(x+in’
= x—iy= et -y +2xy]
= y—fy=- Atz wyz}
Imp. node : Ttis a compound equation, therefore, we can
generate Trom it more than ohe primary
By akiuns,
Wow here equating the real and imaginary parts, we get
x=—21x) and —y=x* — 3
= x+2xp=0 and -3 ay=0
= 21+21=0
= x=0 or y+-1/2
pulting x? — vigmy =i
= b- y‘: - 1<l
=3 MW — Yt
or P00 oar oyl
Mow putling ¥=4 F2inx — p* + =0, we get
%% . ) = x~=314
4
a7 k=432
Therefara, z=04-i0, 0+ E;iig- .
1002
As = #{, we get
z=i+3/2-1/2
7o+ Zy = pand I =y (given)
Now, _| ‘l{cosu; Fising)
Zz |2’2|
Applving componende and dividendo
2+ 2, _ceso Fising +1
52—y coso +fsing -1
_ stt{.u. 2)+2isim {u/2)cos (e 2
—2sin {0 /2) + 2i sin (e /2}cos (@ f2)
_ 2cos {o f2) [eos (g /Z) + isin (o))
27sin {o /2)cos (o /2y + isin (o F2)]
_cot{e/2) _ieotia Y _ _iootat?
i ;"‘
= _TE o jeot (/)
LI
Squaring both sidie‘s
= P _cot®(@r2)
{3; - ":}
= Pz — —cot(@/2)
(7 +32:) - 4517,
2 Il
= 1p wom = ot (o )
f-dg



14.

15,

T WA= ST ERIARCAE T 3

= == et o+ 4g cot* (o P2}
= p 1 +cot® of2) = g con (0 £2)
- poosect (©/2) = dg cot® (2 /2)

= 7 —dgcosiar?
Alter
llere,z) +z3 =— pand 72, = ¢
Ea 1" .
212 e™ . by rotation of A about (3.
2 |y B2
or 23 _[eosum +isima)
= 1
7y +z; l+4cose +isino
= = P 0 A[ZJ
I —Z+ COS0E A fSino —|
_2eose f2(cosa f24 isine £ 2)
2isince S 2{cosa /2 + fsina £ 2)
7 2
le FZy _ CQS(I-E
Lz — = iging 2
_ _r_wswi2

pj —T.r,r— sin e (2
= prEnc g /2= -pzcaszaf2+4qmszctf2
or  pieainter /2+cos? o i 2) = dgeosto /2

= P =dgeosin il
Let @ be 2, and i15 reflection be the point iz )in the
given line, I[f Q(z) be any point on the given line then by
definition OR is right bisector JfOP,
OP =00 or |z-z)=|z—g
or |z~ 5% =| 2= 2,2
or (2 z7}E-2)-(z-2){E- 5}
o  Z(fH-3)+E{z —z)=nz -2,
Comparing with given line z& + zh=¢
3] :22 :5— .;-"2 _ 51 Z' —2222 :LSE}'
b b I
:'_z"=b I S z|2|‘3322=[_, e
A T N 1
Also  Zb+z.b = 308 &2 e -
o A
s 22—y )
A
| 2)% w— o) g = S {ziven)
Ep-wwz=os w L1

Taking modulus of both the sides, we get
= |[zw]|z —w!=]z—w
=|z - w!

2]
= vlaw||Z—wi=|F-W|
= | Z-w| G- 1)=0
| zw| =1 =M

= Ew| iz —

1

= |z—wj=0 or

= z-w|=0 or |w!=1
= E—w=0
= T=wooor law| =]
Now suppose z # w
then| zw|=lor| zj| w| =1
= |51= L = rfsay]

W

® and w=l e

r
putting these values in (13, we got

Let =o'

1 1 . lat .
rﬂ _€r¢| —-—1(J‘€JRJ=.F'E'IE——£'IL

r r ¥
1} 1 i -

— et -t =gt S

P g
= F+- (e &S F+ £

la o
= & =
= 030

| |
Therefore, z =re® andw = . o™

»”

- b
= B =re™ e 2
- »

Impinoted if and only if* means we have to prove the
relation in both directions.

Conversely

Agsuming thal z =worzw =1
If z=w, then

L-.H.S.= ZE'_'I-i'— 'I-‘p"mz =] le,z —f"||.'|: LE
=|z]*.z—. 4% . z=0
and RHS =z~w=1
[ 2w =1then 2w =1 and
LIS =srw—wwz=c]l -Wl=z-p=z—m

={]=R.H.%, Hence provisd
Alrer
We have, o[ w- |wl* 2=z —~w
1 S
= |zt w | wmEz-rt+tw-_0
<z Hw - Qw4 Dz =0
= (zl® + Bw={w? 1)z
z_|z|* +1
{:. = '1— '
W] +]
- Zis purely i2al,
W
o Zal a aoiw (1
W 11
again, |2121v—!n12£': z—w
= ZIiw=wis=c-Ww
4 z{Zw -1 —wizw D=0
b fz—wilow -1y =0 fusing {1}}



15,

17.

18,

i + — TF L = =

I . ; =
Hence,jz" w—ju|" z =z —wifand only ifz = worziw =1

ELAL R T . BNeY

= (27 -1z -1 =0
asa. isromt of (1), eithera ™ —1-Jara¥ —1=0
= cither %7 g o 20 =0fas iz 1)

o -l @ —]
=veither] 1o+ 4+, 4+ ® |
ar J+o +.. +? ! =0
But «f-1=0 and @9 -1=0 canmot occur

stmubtancously as p end g arc distinet primes, so neither p
divides ¢ nor ¢ divides 2, which is the requirement for
=¥ =¥,

Given|z)|= land | =z,| >

Then to prove

l-z%| | g EAY
Eer o uging | = — =
&) T an i |31|J
= -2zl 2y — 24

Squaring both sides, we get,
(1= 2z Ml =z z7)= (3 — 2,03 %}
fusinge 727 = =

| 2 Ey - nE R LnEi< g - 52
=243 + I35,
w2 i+im %oy i) 2y F 4 5 |
o L-ig)* ~| 2, 47 |5 <0
> (=120 )1 - 125 * )< 0 {2

which 13 true by (1) as| z|< Tand | 25| =}
(—|z[* 3>0 and (01—|z,)%)1<0

<o {2 1= true whenever (1) s trus,

-z
= el ke
21 —Zl
Given: az+ay2” + .. +a " =1
arel |- <3 A1)
¥
,’c;r[z+azz‘+a323 b+ =1

{using lz) 1 sal =)z |+ ]z
1

== |ajzt’+iajzzz[+|a3: Plo—]a,z” =1

= 2l 12 427 .. 4247 }> 1 [using] ar|<2]

el =z ) =1 {nusing sum of 4 woms oF G.1}

1— 2|
= A4-34"" =0[-]4 = 3 g=1+45""
P9 ;
— l2d>- 1|2
i3
= EE } . which contradicts A1)

3

o LRRTL DRSS 10 COHRTHe X, NUINREF = sucn that

n
anei gz =]
-1

|‘:.|-‘-

r

[ERRV .

19 Asweknow; z2* —zz
|2-';01|5='{,2
|z -~
= {a—w)(Z-E)= k(= Fr(z - i)
|21 02 —Gz +}a)? = &0 2 — Pz - iz +|P7)
ar |2 - BT = - AOPE — i - PET )z
+ Uet” - [BF 1=0

e

:-"l |4.- I:u‘_k:ﬂ}z- {E_sz
@y (-i
o -
-—— =0 .1l
+ w2 ()

COn comparing with equativn afeircle,
| 3l a7 + sz + b =0
, . : f
whose centre 15(£e ) ahid radins = +| o -t
. centrgfor (i)

>
QR NED, i radivs
e
1 7 5o — g
1 m_:.k__ﬁ]' G -k} |_ o - 4°pp
Y- | S
radius:MJ
1-4&*

20.  Here, cenire of circle is (1, 0 is also the mid-point of
diaponals of square .

221

e Z.
ML

::* - .ﬂ-{'.

2
- 2y = — 3L {where zg =1 1 04}

= 1 g
and k =g

2, _I

= o=l +w,"§£)-{msg~ifsin§}asz[ B RNLY

=1 ++30) =0 T ) 24
zgz{]—m@}ﬂ' and 2’4={]+'\|"§}—i' W}





