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(a) A locus C1   is defined by C1 "= |z -z 2Gz i+ ,.
(i) Indicate by shading on the Argand diagram in the Printed Answer Booklet the region

representing C1 . [2]

(ii) Find the cartesian equation of the boundary line of the region representing C1 , giving
your answer in the form ax by+ + c = 0. [2]

(b) A locus C2   is defined by 2C z= +1 3| +" "z z|G Hz, ,- i2 2 .

Indicate by shading on the Argand diagram in the Printed Answer Booklet the region
representing C2 . [3]

X

이 perpendicular bisector between (0, 1) and (2 , 0)

nIm

:-----
- ee

2 Re

ii) A= 10, 17 B = (2 , 0)

M = ( 1 ,112 )MAB
= -
"

そ= 7
m
」 =

y= 2xtc

Y
2

= 2 (D + c =⇒ C =
- 32

so
, y = 2x - 312

4x - zy
-3 = 0

**

1



iii
) 1 z+ 1≤ 3

Circle ,
cente (-1 ,0) ,

radius 3

1 z -2i | ≥ 2

Circle ,
Cente (0,2) ,

radius 2

nIm

2

"//jy ...

**
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2 Draw the region of the Argand diagram for which z  3 4i  5 and z  2z  . [4] 

2*

IE - 3 - 4 il ≤ s 11러리

circle perpendicular bisectur

cente = (3 ,
4) between points (0, 0) , (2 , 07

Im

radius = s n

Ain
. Re

Note : circle goes throughorigin
Re (t)= 1

**
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3 (a) Sketch on a single Argand diagram the loci given by

(i)  z- +1 2i = 3, [2]

(ii)  + =z z1 2- . [2]

(b) Indicate, by shading, the region of the Argand diagram for which z- +1 2i G 3 and 
Gz z+ -1 2 . [2]

2*

aldb)/z-1 + 2 i) = 3

Circle ,
Cente (11-2) ,

radius 3

IE+ 1 = 1 z -2리

perpendicular
bisector between

(-1,0) and (2 ,0)

Imp

'

Relltp
>

**
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4 Indicate by shading on an Argand diagram the region

z z +" "z z: :G Gz- -4 3, ,-2 2i . [3]

X

(E1 = 1z - 41

perpendicular bisector between points (0,0) and (40)

1 E- 3- 2 i 1 ≤ 2

Circle ,
with centre (3,2) , radius

2

In
^

: Ily
,

"

{
>

Re

**
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5 Draw the region in an Argand diagram for which  2z and z 3iz  . [3] 

㉕

IZ 1 ≤ 2 :

Circle wit cente /0
,
0)

,
radius 2.

1E 1 1 E- 3 i 1

perpendicular bisector between
(0 , 0) ,

70,
3)

Io
^

Has to be a dashed line
since

ㄹ ¢ 1| ⑦ IE- 3 i )
11///// "

Iou (z)= 1 . 5

>
Re

**
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6 Fig. 2 shows two complex numbers z1 and z2  represented on an Argand diagram.

O

Im

Re

z1

z2

Fig. 2

(a) On the copy of Fig. 2 in the Printed Answer Booklet, mark points representing each of the
following complex numbers.

• z1*

• -2z z1 [2]

(b) In this question you must show detailed reasoning.

In the case where z1 = +1 2i and z2 = +3 i, find z *
-2z z

1

1

real numbers. 
  in the form +a bi , where a and b are 

[2]

2*

Zett ,

If you're unsure about

Ez- E
, first tuinh

“ about E2 +z ..
It's

ad if we add the

'vector' E, to E2 .

So Ez-z,
is the

Same idea , but the
∞ En -←1

rector is now applied*

티
·

in the opposite direction

b )=
3ti- 器 =器x

= 2 - i+

=
= 약 + i

**
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7 (i) Write down, in complex form, the equation of the locus represented by the circle in the Argand
diagram shown in Fig. 3. [2] 

Fig. 3 

(ii) On the copy of Fig. 3 in the Printed Answer Booklet mark with a cross any point(s) on the circle for

(arg 2i
4

which .z )− = [2] 

4 

3 

2 

Re 

6 

1 

5 

5 4  1  3  2  

Im 

– 2 – 1
–1 

– 3

–2

–3

– 4

–4

0 

ㄼ

X

oX

i) radius =2

Cente = (2,3)

i
- 1 Z - 2 - 3i 1 = 2

ii) see above-

arg (E
-zi) = 足

half line , gradient
= tan (*) = 1

Starting point (0
, 2)

**



8 On separate Argand diagrams, sketch the set of points represented by each of the following.

(a) z 1 2 4i G- - . [3]

(b) r( ) .arg z i 3
1+ =  [3]
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2*

Centre = (1 ,
2)

"

止
radius-4

っ

) nfon haly line.

Starting point
: (0 ,

-17

gradient = tan ( '37 ) = V3

d( .
0 )

\ '

Re

여

**



9 The Argand diagram below shows the points representing 1 and z, where z 2= .

O 1

Im

Re

z

Mark the points representing the following complex numbers on the copy of the diagram in the 
Printed Answer Booklet, labelling them clearly.

• z*

• z
1

• 1 + z

• iz [4]
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z*: reflection in Real axis

iz 이 合 に 言 so closer to

㉚ Orig
itz

@ arg () = arg(
)- arg (Z

)

= O-arg(z) =-arg(z)
So underneath Real axis

올 · * now

Iz : I unit to the right of I

iz rotatio of z 40
°

anli clockwise

about 0
.

since arg(iz) = arg(i) +arg(z) and liz |디 l1

= I 11

= "2 +arg(z) .

디티

***



10 (a) On a single Argand diagram, sketch the loci defined by

• ( ) ,arg z 2 4
3r- =

  • .z z 2 i= + -  [4]

(b) In this question you must show detailed reasoning.

The point of intersection of the two loci in part (a) represents the complex number w.

Find w, giving your answer in exact form. [5]
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Im
^

a)
second one is perpendicular
bisector between (0 , 0)

and (-2
,

1 )
.

러

ㅢ

· -------
'ㆁ

2

@

¿
Re

b) arg
( ←2) = 동 (7

Starting point
: (2 ,

0)

gradient = tan (31¢ M) = - 1

y =
-ctc

0 = - 2 + C

c = 2

&
=> y

= -xt 2 ,
xc 2

Iz 1 = 1 Ef z-il
· can also use coordinate

( x+yil = (x + 2 + y- 1)i)
geometing , if you prefer

四ty= =≈)( ^+ y
-2

***



x^+y/ / =<x +λx +↑ +yp - 2y +
1

2g
= docts

y = 2x+ 512 ⑬

equateand :

-→c+2 = 2x + 512

3x =
-

「 '
2

x =

- 1)

=> y = 16 + 2 = 号

so
, w
=( + 13i

***



11 An Argand diagram is shown below. The circle has centre at the point representing +1 3i, and the 
half line intersects the circle at the origin and at the point representing .4 4i+

O

Im

Re

i1 3+
i4 4+

State the two conditions that define the set of complex numbers represented by points in the 
shaded segment, including its boundaries. [5]
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circle : radius = 11 + 31/ Since circlegoes through O

=+ 32

= No

- 12-1-3ilzto since we want region
inside circle.

haly line : argument : tan
"

( * ) = 44

arg(z) = 1/ is ein of
half line .

Since if we
restrict it

so - M1z < arg(z)
= M/x

to Ozarg(z)/
we won'tget the small segment

under theeal axis

ンも: ほ -1に 301 ≤ 10 } のを Z : - 2 EagCZ) に修

(set notation isn't required)

***



12 Fig. 9 shows a sketch of the region OPQ of the Argand diagram defined by

z z 4 2| kG% / argz z4
1

3
1| G Gr r% /.

O Re

P

Im

Q

Fig. 9

(i) Find, in modulus-argument form, the complex number represented by the point P. [2]

(ii) Find, in the form a + ib, where a and b are exact real numbers, the complex number represented by the
point Q. [3]

(iii) In this question you must show detailed reasoning.

Determine whether the points representing the complex numbers

• 3 + 5i

• . ( . . )cos sin5 5 0 8 0 8i+

lie within this region. [4]
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2) IP is where angle) = Up M and IEl = &E

i. .e . p = dr (cos (1/¢ M) + isin (1m M)

ii) Q is wher arg(z) = "31 and Iz1=45

i.e. Q = + (cos (11) + isin ("3M))

=PVC (+

= 28 + 25 i

***



iit ) 13 + 5 i 1=+s 2

=USA > 4 2
"

"
5. 656 .. --

S -830 ℃
…

So no
need to check argument , 37s : not in region .

5
.
5 (10s 0 . 8 + is in 0 .

8)

r=5.3 < 4r2

2 해 C 0
-O C YB 7

" 기

0. 785 ... 1 ,047. --
.

so 3.5 (coso s + isinO .8) It region .

***
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13 (i) On an Argand diagram draw the locus of points which satisfy (arg 4i)− = .
4

z  [2]

(ii) 6 4i+  and touches the locus inGive, in complex form, the equation of the circle which has centre at 
part (i). [4] 

3 tX

σ

)
fon

always find starting
point :

% ‰

Re

Co ,
4) in this

case .

_

ii) Centre (6 ,
4)

=> 17-6-4i) = ~
where r is the radius

If the circle touches
the half line we need to find the

shortest distance .

Since arg(z-ti)
= 1/ ,

this isn't

that hard as the triangle
Imp

% คำ "

re

is isosceles.

6 cos(&s) =告
_

= r = (cos(45)

= 3 E

so 1z-6 - 4i) = 3r2

***
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4
3Two sets of complex numbers are given by % arg: (z z 10)- = r/ and "z z- -: 3 6i = k,  where , k 

is a positive constant. In an Argand diagram, one of the points of intersection of the two loci 
representing these sets lies on the imaginary axis.

[4](a) Sketch the loci on an Argand diagram.

(b) In this question you must show detailed reasoning.

Find the complex numbers represented by the points of intersection. [7]

3 *

Jan

a) σ

10-

G-

'
{ ⑩ Re

b) arg (
ε- 10) = 롭에

starting point
(10 ,

07

gradtent =tan( 17 ) = -

1

g
= -xtc

y
= -x + 10 by inspection

IZ - 3 - 6 i 1 = れ

K = ③-0
)
r+( 6--

First find h
.

=O'
=

s

SO IE - 3 -Gil = S

***

14



centre = (3 , 6)

radius = S

: (x- 3) 2 +y -6)= 25

Tofind intersection ,

sub in y erect
10 in :

(x- 3)
~tC- x + 10 -6)~= 25

(x-37
~

t -xt& J
2

= 25

x--x + 1
+x - zx + 16 = 2)

2x
2
-dsx = O

x
2
-7x =0

x (xーZ )
=0

=0 or x=7

儿 긴

y= 10 y
= 3

So
,

10i & 7 + 3: are the points of intersection

***
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15 The locus C1 is defined by )C 4
1
r ./G1 = |z 0% G ar z(g i+

[2]
(a) Indicate by shading on the Argand diagram in the Printed Answer Booklet the region

representing C1.

(b) Determine whether the complex number 1 2+. .0 8i is in C1. [2]

The locus C2 is the set of complex numbers represented by the interior of the circle with radius 2 
and centre 3. The locus C2 is illustrated on the Argand diagram below.

Im

Re

C2

–2 – 1
– 1

– 2

2

3

1

1 2 3 4 5O

[2]

2

(c) Use set notation to define C2.

(d) Determine whether the complex number 1 2. .0 8i is in C+ . [2]

ㄋ*

"

.-1111111
haly lines

:

starting point
(O (

- 7)

미 sub it in :

a-

g (
9 , 2t 0 . 8 i + i ) = arg ( 162

t 1 . 80 ) = tar(照 )
= 0.48 ... ) M/

So no
,
it's not in C

,

***



C) circle

Centre (3
,
0)

radius 2

EE : EE 4
,
(E - 31 ≤ 2 号

d) like path ,

Best way
to check is

to sub z= 1 . 2 + 0 .
8: in :

11 . 2 +0 ~ 80 - 31 = 1 - 1 - 8 + 0 -801

=i8 +
O. 82

= TAF
β

= 1 .
060 _

-

∠ 2

So

yes,
it is in C2

「



16 In an Argand diagram, the point P representing the complex number w lies on the locus defined by 
: ( )argz z 7 4

3r- =% /. You are given that eR w 1=^ h .

(a) Find w. [2]

The point P also lies on the locus defined by : iz z k3 9+ - =" ,, where k is a constant.

(b) Find the complex number represented by the other point of intersection of the loci defined by
  : iz z k3 9+ - =" , and : ( )argz z 7 4

3r- =% /. [7]

OCR M(, · A6-level )urther Maths % · Core Pure · June 202� 
Compiled By London Academy Of Maths | Created By CaPErLGJe OCR

*

a arg(z -7) = 3/17
Re (w ) = 1

starting point : (7 , 0)
= つ x= 1 ⑤

gradient : tun (* M) =
- 1

y=

- x + C

=> 0 =
- 7+2

so y
= -x+7 (for (7)

C = A

sub A into B : 4:0 : W = It6i

b) 1 z +3 -4 i 1h

Centre : (-3 ,4)

since plies on locus
radius : MTr3)2+26-p52

= Es
= 5

=2 π= s

Curtesian equation : (x +3)" +4-05 = 25 @

Now
, angle-7) = Emp Es y = -x+727

sub o into @ : (x2+ 3)
2

+ Ex -2)" = 25

>2 +Gx+1 +x+ 4x+4 = 25

****



2x
2
t 10 x

- 12 = 0

x
2tSx - 6 = 0

(a+6)(x- 1) = 0

>C = - 6 0032 = /
~

w

↓
sub into y

=-x+ t :

y = 13

- ; - G + 13 i

****
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17 (a On separate Argand diagrams, show the set of points representing each of the following
inequalities.

z(i)  G 5 [3]

(ii) + -z 2 4i -z 2 6- iH [3]

(b) Show that there is a unique value of z, which should be determined, for which both z G 5 
and + -2 4 Hz zi i- -2 6 . [8]

ㅃ

nIn
i) 1티스s

centre = 10 ,
07

IIIIIII imradius = 5S

ii
) 1z+ 2-4il >, 1z-2-bil 二cente = (-2 , 4) (2 ,

67

This is a perpendicular

bisector between
these two

Re

points .

미 121= is

x +y2 = 5

1 Z + 2 -&il = 1Z-2 - 6 i 1

Method 1 : (perpendicular bisector)
_

A= (- 2, 4) ,
B = (2 ,

6)

M =C 0 , >

MAB== 気 {MI=
- 2

****



=7
y = -2x+ C

(C= - by inspection)
y

= -2xts

Metuod2 : Agebra
_

lctiy t Z-dila lbetly
- 2 -fil

(=的-(
=~≈)<<+ y -6)(

2

xy+ +x+ &
+y - by + 16 = x)-4x + 4 +y - 12y +36

4 y + 20 = - 8x + 40

YTS = - 2ct 10

y
=

-2xts

To find points) of intersection
:

x
2

+ (-2x+5~= S

x
2 + 4x2 - 20x+ 25

= 3

Sx -20x + 20= 0

x
2
-4x +&

=0

xx 2)
2

= 0

C=2 ,=2 y
= - 2 (27 ts

=

1

Argand Diagram
looks like this .

· Only point satisfying
both

·

regions is therefor

2 ti

****



18 In this question you must show detailed reasoning.

You are given that ( )f z z z zz 4 12 41 128 1854 3 2= - + - +  and that i2+  is a root of the equation 
( )f z 0= .

(a) Express ( )f z  as the product of two quadratic factors with integer coefficients. [5]

(b) Solve ( )f z 0= . [3]

Two loci on an Argand diagram are defined by :C z z r1 1= =" , and :C z z r2 2= =" ,
where r r1 22 . You are given that two of the points representing the roots of ( )f z 0=  are on C1  
and two are on C2 . R is the region on the Argand diagram between C1  and C2 .

(c) Find the exact area of R. [4]

(d) ~ is the sum of all the roots of ( )f z 0= .

Determine whether or not the point on the Argand diagram which represents ~ lies in R. [2]
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**

a) let = 2 + i
,
ther B = 2 - :

CETB = A QB= 5

- (22-4z +3) is a factor of f(z)

CE
2
+ RE + 37
ー

E
2

- α E + S ↑ +zt-12z3+ 41z2 - 128Z+ 185

-0
- 16z

3
+ 20z) d

'
!_θZ3

+ 21z
2

- 128z

- CRE - 1

号
ZE

2

「

OE+18 S
_

37 z
2

- 148z + 185

_

-

: δ (E) = CE 2
+ DE+3F ) (E2

- θ E+s)

note : other perfectly acceptable methods exist !

****



미

if you state
all the roots without showing working you

won't get all the
makes .

E=
-t) = 崎

=
- I16 i
_

2

or Z = 2Ei

x for 2 ,
v= Ets?
= β를

ford v= nth0 = fs

Area of
R = Area of C ,

- Are of
E

= λ (プー 7 (B㎥ = 条 n

d ) ω = 長 = 第 = 3
orω= 2 + i +2 - it一 +“

= 3

VS = 2 . 23 .
…

So 323รั
7 = 3.0R...

= w is in R

****
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19 In this question you must show detailed reasoning.

Two loci, C1  and C2 , are defined as follows.

1 arg: ( )%C z ar: (z= +2g i)- = 4
1
r/   and C z z-22 '= - 3 2i- = 3

2
r1

By considering the representations of C1  and C2   on an Argand diagram, determine the 
locus C +1 2C . [7]

ktX

C : haly live

stuting point : (-2 , 1)

gradient = tan ( * M) = 1

- : y = x+ [

2
if you're not

sue about
this

,

に
- 2 tc

=つ ( = 3
Sketch the argand diagram

sog = xt 3
,

xs
- 2

C2
: half line .

Starting point (2 + 53 ,
2)

gradient
= tan (51) =

- 53

=- 3 +
2 = ー3 ( 2+ B ) + c

2 =
=23 - 3 + ( \

Note this is
C = S + 23

y =

- (3x + S+25 ,
x(2+B3
← necessary

to gett ful
Intersection :

marks

x+ 3 = - 53x + 5 +253
as it proves

that

x( ( + 03 ) = 2 + 2 「3
2 tsi is

x = = )=2= 7y = 5valid as

- 2 C 2 C 2+3
.

So 4, n4 = 2+5i

****



20 The Argand diagram shows a circle of radius 3. The centre of the circle is the point which 
represents the complex number 4 2i- .

4O

–2

Im

Re

(a) Use set notation to define the locus of complex numbers, z, represented by points which lie
on the circle. [2]

The locus L is defined by  ,L z z z z 2iC| != - = +" ,.
(b) On the Argand diagram in the Printed Answer Booklet, sketch and label the locus L. [2] 

You are given that the locus , ( ) , ( )arg Rez z z z1 4
1 3C| ! r- = =% / contains only one number.

(c) Find this number. [2]
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a) Sz : /z- ++2i) = 3 , ze3

6) perpendicular bisector , between (0 ,
1) and (-2, 0)

nIm

헌

ューー
“

>

길 Re

****



c )Mag(z_ 12= As nice as this method looks,

arg(x + iy
- 1) = * M in my opion

method 2 is

better and can
lead to

arg ( 3 tiy
- 1) =和 less errors with signs

When the argument

arg ( iy
+ 2 ) =初

isn't between 0 and Ph
.

taa
”

(見) =新
3+2i is only number

先 = tan ( 'Y 07) = 1 y = 2 -

:

inset

MeLrod2 :

hulf line

Stating poit
:(1 ,
0)

gradient = tun ( *x) = 1

y =x+ c

o = 1 te

= 7 c ==

1

soy = x-

1

Re(z) = 3 sox
=3

=つ φ= 3
ー 1 に 2

3+2i is only number

in set

****



21 In this question you must show detailed reasoning.

(a) Find the roots of the equation z z2 2 5 02 - + = . [2]

The loci C1  and C2  are given by iz z 2= -  and z 2 5- =  respectively.

(b) (i) Sketch on a single Argand diagram the loci C1  and C2 , showing any intercepts with the
imaginary axis. [3]

(ii) Indicate, by shading on your Argand diagram, the region

: :iz z z z z2 2 5+G G- -" ", ,. [1]

(c) (i) Show that both of the roots of the equation z z2 2 5 02 - + =  satisfy z 2 51- . [2]

(ii) State, with a reason, which root of the equation z z2 2 5 02 - + =  satisfies izz 21 - . 
[1]

(d) On the same Argand diagram as part (b), indicate the positions of the roots of the equation
z z2 2 5 02 - + = . [2]
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ftX

a) ε= 2上= 2t = Ψ
=쁠

비
1티 = z -2i 1

between (0 ,0) and
10, 2)

perpendicular bisector

1 E - 2 리 ≤ δS
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22 In an Argand diagram the points representing the numbers 2 + 3i and 1 -  i are two adjacent vertices 
of a square, S.

[3](a) Find the area of S.

(b) Find all the possible pairs of numbers represented by the other two vertices of S. [4]
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b) I will use a rector method .

let p = (11-1) and Q = (2 ,
3)

p= ( 6 ) ∴ Q =( 위 )and = (: )
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. S-2i, 6thi
are possible vertices.

By the same argument, (show working of course
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23 Two loci, C1 and C2 , are defined by

z: z z d 2- -4 361 = =C % /
: ( )argz 12d 3- i2 '=C z- = 4
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r1

where d is a real number. 

(a) Find, in terms of d, the complex number which is represented on an Argand diagram by the
point of intersection of  C1  and C2 .

[You may assume that C +1 2C ! Q.] [6]

(b) Explain why the solution found in part (a)  is not valid when d = 3. [2]
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Geometry (much easier)
MMethod2 : Coordinate

A= 10 ,07 B = (¢d2+ 36 ,
07

M = ( 2d
2 + 18 , 0

) MAB = +36-0 = 0

-bisector is vertical .

=2d+18
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When d= 3 ,
the point of intersectio

would be 36 +3 i

but 36 + 31
isn't in 22 since anglo) is undefined




