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EXAM PAPERS PRACTICE

Complex Numbers Mark Schemes

Question 1a

Consider the complex numbers z; = 2 + 2i and z, = 2 + 2V/3i.

(a) Sketch z, and z, on the Argand diagram below, be sure to include an appropriate scale.

(o) Im(z)

(@] Re(z)
o i 2 3 4
[2]
(b)Find the modulus of z; and z,.
[3]

(c) Find the argument of z; and z,.

[3]
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Consider the complex numbers z; = 2 + 2i and z, = 2 + 2v/3i.

(a) Sketch z; and z; on the Argand diagram below, be sure to include an appropriate scale.

Im(z)

o Re(z)

(b)Find the modulus of z; and z,.

(c) Find the argument of z; and z,.

Consider the complex numbers 2, = 2 + 2i and 2, = 2 + 2v/3i.

(a) Sketch z; and z, on the Argand diagram below, be sure to include an appropriate scale.

Im(z)

2 *‘/

o Re(2)

(b)Find the modulus of z, and z,.

(c) Find the argument of z, and z,.

[2]

[3]

[3]

[2]

[3]

(L) |2, = 22+ 2" = /8

lz,|=2 /2

|2, = (22 @F) = Vi@

IEII= 4

% =1 2 Ty exack values

tan L = | ﬁl
r

tan0, = ﬁ =3 -7 Tria exact walwes
2

0,=

T
3

tan T =3
3

For more help, please visit www.exampaperspractice.co.uk
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Question 2

Solve the following equations for x
(i) »2+4x+5=0
(ii) x? = —625

(iii) %% = 24 — 222,

() x- -42 G- (VB
2())

= -4x/-4

Question 3

Let wy = 2,2, , where z; =5+ 1 and z, = 1+ 2i.

(a) Expressw in the formw = a + bi.

(b)Find the modulus and argument for w.

[7]

[2]

[4]

J=625
£25/-1

() =

x=%2S,

Treat Uke a quao\mﬁc

(L(;,) x*+2x*-24=0

(x*-4)(x*+€)=0
——

et

| —
x“= 4 x*=-6
a=x2 x = ‘3\/2‘

x=+/6'L

(a) w= (5+L)(I +20)

= 941 +100 +24°

S+l -2

= 3410l

For more help, please visit www.exampaperspractice.co.uk
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Let wy, = 2,2, , where z, =5+ and z, = 1+ 2i. (b) |LJ l _ [3;+ "
(a) Express w in the form w = a + bi.

= 334l B |wl = /130"
(b)Find the modulus and argument for w.

tanO, = 1L
3

0. = 1:30 rad

Question 4

Letz=%.wherew1=4—iandwz=1—26. R : .
e (a) 2= 4-1 x |1+ 2 Mulﬁp\ﬁ b!j the cov\Juﬂo.te
(a) Expressz in the form z = a + bi. -2 |+ 24 to cancel out ¢ in the

den owinator
[3]

"

G-y +80-24°
1= 20 + 20 - 4i?

(b)Find the modulus and argument for z.

[4]

G+Ti+2
| + 4

= 64+
)

wn|e
0=

Let z=:—:,wherew1=4——i andw, =1 — 2i. (b) |2| - (é)z 1’(1)‘
S

(a) Express z in the form z = a + bi. .
2=64+1.
S s [3]

(b)Find the modulus and argument for z.

[4]

Oz2= 0:862cad

For more help, please visit www.exampaperspractice.co.uk
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Question 5a
(a) (c) 24w = (3—4L)+(7- ?.i,)

Consider the complex numbersz =3 —4iandw = 7 — 2i.

2+w=10-61L

(a) Find
(i) z+w
(i) w—z
e (i) w-2=(1-2) - (3-43)
Let z* and w* represent the complex conjugates of z and w, respectively.
(b)Write down z* and w*, giving your answers in the form a + bi. W=z = 4 +2 "
[2]

(c) Find

[4]

Question 5b
(o) [ 2* = 3+ 41

Consider the complex numbersz = 3 —4iandw = 7 — 2i.

w*= T+ 21

(a) Find
(i) z+w
(i) w—z

[2]

Letz* and w* represent the complex conjugates of z and w, respectively.

(b)Write down z* and w*, giving your answers in the form a + bi.

[2]

(c) Find
i) z'w
(i) =

[4]

For more help, please visit www.exampaperspractice.co.uk
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Question 5¢

Consider the complex numbersz =3 —4iandw = 7 — 2i. (C) (L) 2% = (3 3 4._)(7 = ?_L)
(a) Find
W ztw = 21428, -6.+8
== 2'w= 294 221

[2]

Let z* and w” represent the complex conjugates of z and w, respectively.

(b)Write down z* and w*, giving your answers in the form a + bi.

3‘#\. 1+L|.L 5 S HuUCiptﬂ Lﬂ the

¥ =3+ "'L i i . covu.mﬂo&.e to cancel
(O Find # Zhbko b A6 vl gl & b
w¥= T+ 21 q-12c+ 121416 :
(i) z'w Ae»ow\mat(:(
6 N = 13+ 3041
25
[4]
wf =13 4+ 3k
2 25 25

For more help, please visit www.exampaperspractice.co.uk
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Question 6

Find all possible real values for a and b such that SO\VQ eq’IAOLEOV\S SiMU“‘WO\AS ‘.3 'tﬁ Fp\& o am)\ L

(i) @+ bi=8i

2a-3b =13 — 6a-9b= 319

(i) (2+30)(a+bi) =13 3a+2b=0 — Ga+4b=0 =

(iii) (a+0)(2+ bi) = —6 + 22i.

-13b =39
7]
b=-
(i) la=0 b=8
3a+2(-3)=0
() (2+31)(a+ bi) = 13 3a -6=0
2a+3ai+2bi-3b=13
a=2
(la - 35)+ (3a+2b)L =13
e ——
Real ports must Imaginory pods
sum to 13 musk sum b O
l —
2a-3b=13 3a+2b=0
(i) (a+i)(2+bi)=-6+22.

204 20 +abl -b=-6 +221
(Za- L) + (2+aL)i.= -6+
Equ\a‘:e e real parts and the }Ma.a;v\ﬂlj Par\:s
2a-b =-6 —® b= 2a+6
2+ab=22 — ab= 20
Solve equabions simullw\eouﬂj t fid a andk b

20
0

a(2a+6)
2a% 4+ 6a - 20

a?+3a-10 =0

(a+s)(a-2)=0

/ \s\
a =-S5 oa=2
b:z(-5)+6=-4 L=2(z)+e=|o
a=-5 a=2
b=-¢ b= 10

For more help, please visit www.exampaperspractice.co.uk
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Question 7

Eq'uo\ke the real parks and the inmogany  ports frows Lotk sides,
then sohve smultaneously 4 fd = ad Y

Consider the complex numbers w = izand w + 2z = 7 + 61.

Find
(i) Re(w) 2 - 5 =7
(ii) Tm(w) x 4+ 23=G — zx+43=|z
(iii) ‘Re(2) —_— T
-5y=-5
(iv) Im(z).
] Y=
Wike 2 and W i ferws of te unknown vaviables x and y x+2(1)=¢
x=¢4

2= x+yt > w= i.(:r.a—ai,)

Subsbtute be val and u back W the &
Replace 2 and w in the equation w+ 22 = 7+60 b fid ::’\A = e, e o J ) sty e

BvevaluesoFx W\A 5
iGxvyi) + 2(eryi) = T+6i k. Al wei(4ri)= ~l+ i
xi -y +2x+23i. = 7+ 6L
. . () | Re(w) = -1 G) | i) = 4
@x-y)+ e+ 2y)i = T+60
@) (ee(2)= ¢4 () | Im(2)=t

For more help, please visit www.exampaperspractice.co.uk
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Question 8
Itis given thatz; = 3 +4i andz, = =2 + 2i. (u) 2, = 34 &t
Find Lz, l,(‘?.+ ZI.)
(i) iz +z, =3+
-2-24

i : ,
=3+by ¢ -2+420
~2-20  -2+21 S Mulbiply by the
conjugate to cancel

(iii) i(z123).
7 =-6-%i+6i-8
L+2i-20+4 out v in the
() iz, +2, = (3+4i) + (-2 +2i) " denominator
. . 8
=3-4 -2 + 2,
. 2 =-1-1.
= -6+5 12, 4 4

L2, +2,
G i(z2.) " (3reid-2+20)

i(-c-%i+6i-8)

=-6{+8-6-8¢

i(z2.) = 2-14e

For more help, please visit www.exampaperspractice.co.uk
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Question 9
Find the complex numbers z and w such that 2"A eq{mﬁm\: @-t b;) + L (1 - al,) =S+ ‘6'—

2z—iw' =5+7i . . .
a+bl +xu +ty= S+ 16

w4 iz' =5+ 16i
(51-&) +(x+b)i=S+160

[8]
Write 2 = terws of two uvnknowa voriobles xanAlj aindd => 5+q=5, x+b=16

write w in Cerms of two vnknown voriakles a and b
Solve bothh pairs oF Srnaul baneous e1ua{‘\‘uws for x, Y, a and b
2= x+\lji w=a+bt
2x-b =95 2y-a =7
Replaww 2 and w and their (ohJusal?QS n to both equations x+b =16 N y+ta=5 '
and eQuA& the real ports and the imaj(.r\a.rﬂ ports —_—
3x = 2| 3y=12
It eq’uo.ﬁcm: Z.(xuji)— L(a-bl) = S+ x=7 5:4
21+Zat—al.-b=5+'l|. ()+b= 16 @W+a=5
(2x-b) + (29-a)i =5+7¢ b=1 o
= 2x-b=93, 2y-a =7 :
2= T+ 4t w= | +9

For more help, please visit www.exampaperspractice.co.uk
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Question 10

Letz=3+8i and w =4 — 4i.
(a) Find 8, the angle shown on the diagram below.

Im(z)

N

Re(z)

(b)Find the area of the triangle formed in the diagram above.

[5]

[3]

(a) Find  the arSUW\* O-F z, 6

ton6, = 38

3

6 = 1-2120256S...

Fnd 2+t w and its arguumev&) e,

21 W
tan 0,
9,
Find ©
6, -0,
e =

7+ 4t

[

7

O-Slq14elt...

1-2120256€5... - 0-S191466W4...

0-693 rod

For more help, please visit www.exampaperspractice.co.uk
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Letz=3+8i and w =4 — 4i. . .
2rw= T+bi (6) Find 2] ad |2+0
(a) Find 6, the angle shown on the diagram below.

2] =/3" +8*
Im(z)

=J73

z/ |z+w|= 7+ 42
4 pid

Re(z)

1 . Formula
. A:Eabsmc < boo klet

(b)Find the area of the triangle formed in the diagram above.

A=1/73./65 sin0-6928745...
2

© =0-693 cad | U

21-99949994...

A=220units®

For more help, please visit www.exampaperspractice.co.uk
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Question 11

Letz=—-1-3iandw=1+10. (0.) 2W

Gi1-30)(1+i)

-1-3-1+3

(a) Find zw.

[2]

(b)Sketch z, w and zw on the Argand diagram below.

2w = 2 -4t
Im(z)

‘ Re(z)

[3]

Let 8 be the angle between z and zw and ¢ be the angle between w and zw.

(c) Find the angles 8 and ¢, giving your answers in degrees.

[4]

Letz=—1—3iandw=1+i.

(a) Find zw. .
2W = 2 -4
[2]

(b)Sketch z,w and zw on the Argand diagram below.

(b) Im(z)

4
(=
3
2
P
% -1 -1 - 13 ¢ R@
z \iw
2
-2
|
“‘f

[3]

Let 8 be the angle between z and zw and ¢ be the angle between w and zw.

(c¢) Find the angles 8 and ¢, giving your answers in degrees.

[4]

For more help, please visit www.exampaperspractice.co.uk
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Question 11¢c

Letz=—-1-3iandw=1+1i.

(C) Find O

(a) Find zw.

(b)Sketch z, w and zw on the Argand diagram below.

Im(z) B: q.so
p Find &
l w & = tan”' (l + tmv\-‘(
% =% =L =1 A5 3 ¢ o @ !
2fle\ee
i \ @= 108°
[3]

Let 8 be the angle between z and zw and ¢ be the angle between w and zw,

(c) Find the angles 8 and ¢, giving your answers in degrees.

[4]

For more help, please visit www.exampaperspractice.co.uk
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Question 12

Letw=%,wherez=a+bi, a,b ER. (G) Replace 2 a;\é\ IkS CUV\J\AﬂOLLQ ;.-\ bernas qc a WA b
(a) Write w in the form x + yi, x,y € R. v = (a+b L) i |
4] (a=bi) +1
(b) Determine the conditions under which w is purely imaginary.
Group the real park togptiner
[3]
_(a+1)+ b
(o, +1) - bi

= (a+l)+bL « (a+1)+ b
(a+1) - bi (o«+l)+bié‘/7

Mukﬁplﬁ L& the

(a+ ‘)Z+ 2(0«+')b|: - bi COV\Jusa.te to cancel

= = out U in the
(“"'l) +b denowinator

((a-c— () bz) g (Z(a+ 1) b ).’,
(a+1)*+ b (a+1)*+ b

1}

€
n

Letw = 2= wherez = a + bi, a,h € R. o= (a+l)1-bz)+(z(¢x+ )b )i. (o) If wis imasimrj the real part musk be equal o

2 2 2 2
(a) Write w in the form x + yi, x,y € R. (“*I) +b (a+i)*+b 2 2
(a+ l) -b =0
[4] (at))* + 62
(b)Determine the conditions under which w is purely imaginary. 2 2
@+1)*-L* =0
[3]
2
(a+ 1)* = b*

Z(a-v-l)-: b

So b must be 1 more than a if & s pusitive and
1 bss than o if a is negative

Look;ﬁ at the real part of the original equakion, You
con see btk a# -l or b=0

t(a+l)=5 and a#-l, b#0

For more help, please visit www.exampaperspractice.co.uk
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