Complex numbers - exam questions [49 marks]



[Maximum mark: 7]

Letw = ae?’,wherea € R™.
fora=2,

(ai)  find the values of w?, w?, and w,
Markscheme
de 8T 16e™ (= 4i, —4v/2 + 4v/21, —16) mya1

[2 marks]

(aii)  draw w, w? w3 and w on the following Argand diagram.

SPM.1.AHL.TZ0.15
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Markscheme
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Note: Award AT for correct arguments, award A7 for 4i and —16 clearly indicated, award A7 for|w | < 4and 4 < |
w? | <16.

[3 marks]

—
(b)  Letz = 3.

Find the value of a for which successive powers of z lie on a circle. [2]
Markscheme
224+ 12=0qa% m

a=+/5 (=224) m

[2 marks]



[Maximum mark: 5] EXN.1.AHL.TZ0.14
(a) Write down 2 + biin exponential form. [2]

Markscheme

*This sample question was produced by experienced DP mathematics senior examiners to aid teachersin
preparing for external assessment in the new MAA course.There may be minor differences in formatting
compared to formal exam papers.

5.385...el1902 i 5 39el-191  A1A1

Note: Accept equivalent answers: 5.39e5-0%
[2 marks]
(b) Im
2 + 5i
o Re

An equilateral triangle is to be drawn on the Argand plane with one of the vertices at the point
corresponding to 2 + 5iand all the vertices equidistant from .

Find the points that correspond to the other two vertices. Give your answers in Cartesian form. [3]

Markscheme

2m .
multiplybyes ! (M1)

—5.33 —0.771, 3.33 —4.231 A1A1

[3 marks]



3.

[Maximum mark: 7]
The following Argand diagram shows a circle centre O with a radius of 4 units.

Im

e
=

A set of points, {29}, on the Argand plane are defined by the equation
29 = %Hegi, where@ > 0.
Plot on the Argand diagram the points corresponding to
(a.i) —_—
6=1.

Markscheme

22M.1.AHL.TZ1.10
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Note: Award AT for correct modulus and A7 for correct argument for part (a)(i), and A7 for other two points correct.
The points may not be labelled, and they may be shown by line segments.

[1mark]
(i) 0 =m.
Markscheme

» aliii)




Note: Award AT for correct modulus and A7 for correct argument for part (a)(i), and A1 for other two points correct.
The points may not be labelled, and they may be shown by line segments.

[1 mark]
ey 3H

(aii) 9 = 5 [1]
Markscheme

Al

y aiii)

Note: Award AT for correct modulus and A7 for correct argument for part (a)(i), and A1 for other two points correct.
The points may not be labelled, and they may be shown by line segments.

[1mark]
Consider the case where | zg| = 4.

(bi)  Find this value of 6. [2]

Markscheme

06=4 ()

o=

=0 = A1



[2 marks]

(bii)  Forthisvalue of 8, plot the approximate position of 2g on the Argand diagram. [2]

Markscheme

y aiii)

zgisshownin the diagramabove  A1A41

Note: Award A7 for a point plotted on the circle and A7 for a point plotted in the second quadrant.

[2 marks]



[Maximum mark: 8] 21M.1.AHL.TZ1.9
Considerw = iz + 1,wherew, z € C.

Find w when
(@) z=2i [2]
Markscheme

i2=-1 M1)

[2 marks]
@iy z=1+1i [1]
Markscheme

w=-14+i+1=1i
[1mark]

Point z on the Argand diagram can be transformed to point w by two transformations.

(b) Describe these two transformations and give the order in which they are applied. [3]
Markscheme

EITHER

rotation of 90 ° (anticlockwise, centre atthe origin) ~ A7A1

Note: Award A1 for “rotation” and A1 for“90 °”.

1
followed by a translation of (0) A1

OR

0
translation of ( 1) Al

followed by rotation of 90° (anticlockwise, centre at the origin)  A7A1



Note: Award 47 for“rotation” and A1 for“90°".

[3 marks]

(0) Hence, or otherwise, find the value of zwhenw = 2 — 1. [2]
Markscheme

EITHER
move 1 tolefttol —1  (M1)

then rotate by —90° to

—-1—-i m
OR
iz4+1=2-1i
iz=1-1
z=12 )
—-1—-i m

[2 marks]



[Maximum mark: 8] 21M.1.AHL.TZ2.12

Itis given that 21 = 3cis<?jT“) and 29 = 2cis<%>, n ezt

In parts (a)(i) and (a)(ii), give your answers in the form T‘eie, r>0, —7< 0 <.

(ai)  Find the value of z1°. [2]
Markscheme
23 = 276 (: 27e0.785398...i) 2141

Note: Award A7 for 2'7 and A1 for the angle in the correct form.

[2 marks]

(@i) 2\ 4
Find thevalueof [ 2L ) forn = 2.
Z9 [3]

Markscheme

(%)4 _ (is_(li)e%“ (= 5.0625e15707---1) a2

Note: Award A1 for 51‘—(1).,/12 for the angle in the correct form and A7 for the angle in incorrect form e.g. CiS%
II

and/or 5TH.Award A1if iis given in place of Cis

[3 marks]
(b)  Findthe leastvalue of 7o such that 2129 € R™T. [3]
Markscheme
2129 = 6cis (%TH + %) M1)
= 6cis (12111—?“>

12n + no = 320 M1)

n = 20 A1



[3 marks]



[Maximum mark: 14] 18M.1.AHL.TZ1.H_11
. o Tt ei T
Considerw = 2 (cos 5 1 1isin 3)

(ai)  Expressw? and w?in modulus-argument form. [3]

Markscheme

w? = 4cis (£); w® = 8cis (m) mMnA1A1
Note: Accept Euler form.

Note: M7 can be awarded for either both correct moduli or both correct arguments.

Note: Allow multiplication of correct Cartesian form for M1, final answers must be in modulus-argument form.

[3 marks]
(aidi)  Sketch on an Argand diagram the points represented by w°, w' , w? and w?. [2]
Markscheme
3 v
3
l
2%
w ] n'
T T X
—8 = 1
[2 marks]

These four points form the vertices of a quadrilateral, Q.

213

(b) Show that the area of the quadrilateral Qis = - [3]

Markscheme

use of area = %ab sinC M1

1

I x1x2xsin®+ 1 x2x4xsin? + 5 x4x8xsinl Aur

Note: Award 41 forC' = %,Alfor correct moduli.

_ 21V3
=546

Note: Other methods of splitting the area may receive full marks.

[3 marks]



Letz = 2 (COS% + isin%) , M € ZT.The points represented on an Argand diagram by

ZO, zl, 22, ..., 2Z"formthe vertices of a polygon P,

Show that the area of the polygon P, can be expressed in the forma, (b" — l)sin%, where

a, b e R (6]
Markscheme
3 x20x 2 xsinD 4 2 x 21 x 22 xsinZ 4+ 2 x22x 28 xsinZ 4 ... 4+ 5 x 271 x 2" x sin T
M1A1

Note: Award M1 for powers of 2,ATfor any correct expression including both the first and last term.
=sin® x (204224 2"+ ... +2"7?)
identifying a geometric series with common ratio 22(=4)  (M1)A1

o 1_22n
1-4

X sinl- M1

Note: Award M1 for use of formula for sum of geometric series.
_ 1/g4n ta I

= 34" —1)sinl a1

[6 marks]
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