5

4  The complex number u is given by u = —1—iv3.

(a) Express u in the form r (cos@+isin8), where r > 0 and — 71t < 8 < 7. Give the exact values of »
and 6. (2]

........................................

...........................................................................................................................

.....................................................................................................

...........................

......................................................................
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The complex number v is given by v =15 (cos %n +isin —é—n).

(b) Express the complex number f’:" in the form e’ where r > 0 and — 71 < 6 < 7.
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Find the complex number z satisfying the equation

z=31p2—9i
z+3i s t 5
Give your answer in the form x+ iy, where x and y are real. [5]

- - -
— - —
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S  The complex number 2 + yi is denoted by a, where y is a real number and y < 0. Tt is given that

fla) = a® - a® - 2a.

(a) Find a simplified expression for f(a) in terms of y.

3 -
L = L
osdl ceerees MM AT i e LY Do-s TN SO B k ..................................................................
t ‘ ) s — + ) A X
— L
! ¥ 1 1
POTS Y VTR DU R 4 W N S0R . LSRR RS 5 8 } % WReal ¥ YU FODPPIUDIN TR (ST 41« POUROURR ", PN PRIy IPPRPUTRRIE. 1. ¢ e
L]
D
N * L 3 . z
-
B ST O 3 Nt TIINORY B V. (et i .......................................................................................
2 ‘ T
y 3 h
1 - - - e - v .‘.
.................. E O 2 D, o« CUCOUPRIRINR Sy, VISR, i WOPRIRIE. . 1 TRTCIPIIUUIIRY 4 SErealuom [PV TUPPRA 4 N
* v .
............................... A A M L L M e
.................................................................. . cisersesres T A
-— T . 3 '
................................................................... B B T T . T R B P
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
.................. 98 e e kst eanieanteatetostactientaadateesentoatnsotaiatastottteatttioaiantatnoiasanesanesaritastnetecratitestarestaracasntosciesnnntre
........................................................................................................................................................
....................................................................... T PP
........................................................................................................................................................
...................................................
.............................
..................................................
...........................................................................................
....................................
..................................................
........................................................................................................
........................................................................................................................................................
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-'—‘

p 5;, where a is real.

4  The complex number « is defined by u =

(a) Express u in the Cartesian form x + iy, where x and y are in terms of a. 3]
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The square roots of 6—8i can be expressed in the Cartesian form x+iy, where x and y are real and
exact.

By first forming a quartic equation in x or y, find the square roots of 6—8i in exact Cartesian
form, (51

semvirsessancrsacasreesnsneans offtrernesavtsearirasrertacecsatsancionanosasarterrostettrsRtN rTReARIaT IR IRIIRATIIT LS

........................................................................................

...............................
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..........................

..............................................................................................................................................................
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...........................................................
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4  Solve the equation
5z

~2z*+30+10i =0,

1+2i
giving your answers in the form x + iy, where x and y are real. [5]

X *?ﬁ"?&»ir&*ﬁ*‘;f*é@*‘ww@ ...........................
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5 (a) Solve the equation 2% —6iz — 12 = 0, giving the answers in the form x + iy, where x and y are real
and exact. 3]

........................................................................................................................................................

................................................................................................................................

........................................................................................................................................................

.....................................................................................................................

........................................................................................................................................................

........................................................................................................................................................
........................................................................................................................................................

.......................................................................................................................................................

(b) On a sketch of an Argand diagram with origin O, show points A and B representing the roots of
the equation in part (a). ($3]

oA .
B %] 3¢
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(c) Find the exact modulus and argument of each root. 131

e Al e, skcj;hhge,w& ...... AR
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3 Itis given that z=—v3 +i.

(a) Express z° in the. form re'®, where » > 0 and — 711 < 6 < 7. " [3]

Z i el Lorm: +

-
Lt

(b) The complex number @ is such that 22w is real and o= 12.

Find the two possible values of w, giving your answers in the form Re'®, where R > 0 and
-1 < a<m. (3]

..........................................................................................................................................................
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........................
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6  The complex number « is defined by

(b) Show on a sketch of an Argand diagram the points A, B and C representing &, 7 +1i and 1 —i

respectively. 2]
| A

(v — X

a —
; B

e e —— T T _— T 'I""‘“"‘)JL
© 1 @ b 8
- X
C
-%u AJ
© UCLES 2020 9709/32/0/N/20

www.pastpaperpenguin.com



11

(c) By considering the arguments of 7 + i and 1 — i, show that

(31

tan (%) = tan'(3) + 4=

.
. "~
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R

and exact.

By first forming a quartic equation in x or y, find the square roots of —4+6+/5i in exact Cartesian

form.

..........................................

.............................................

.............................................

..............................................................

..........................................

.......................................

..................

The square roots of —4+6+/51 can be expressed in the Cartesian form x+iy, where x and y are real

(3]
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5  The complex number 3 —i is denoted by u.

(a) Show, on an Argand diagram with origin O, the points A, B and C representing the complex
numbers &, u* and u™ — u respectively.

State the type of quadrilateral formed by the points O, A, B and C. 31
Uz -y
Uk = 3+t
Ut - u = k- (3-) (U
S SR
U
!

....... ABQ.,....... r%......@.q...,....-fbl. - ....u . .‘..b..\..v...................................................

Seeirasiazansas .-_;.cl + 6\ "'I

D‘*‘Sl ?)l‘!'l

......................

L R g et D L R R e R A A S L LR RS LIt b
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: S . , u . . ~1¢3 —141
(¢) By considering the argument of o otherwise, prove that tan (Z) =2tan” (3)- 2]
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The complex numbers u and v are defined by # = —4 4+ 2iand v =3 +1i.

(a)

(b)

Find -l-:- in the form x + iy, where x and y are real. [3]

T L L T P L X

+ 1 -1

SasaseacesteeesstttITElINAEIasEIT SRS Crewennse

el t Gl XG4T
- %l s ?>|' +

semsedusssisavsreifiucoiricasuvaaransiensssashasssanssosrvunrrraresrannne

T L Y T T T SR R L LR

MessssaarerNamesseanaNrt It sARATRRaRTAsEanasET ISR ORY

L LT T T R X2

ssesssariens

—

B D T T e e T T T L T R TR 2

-
eogagrene

\O

emeavEeceenmaAesINASSeR YRR NS ennR RS OsPRROT ST e tsEbssacsrrmsausaaTbanvEna s oot iotbn b

senenErmEsaesabaavassaNaanS

sessksrssnansssban

SeassnnessenadvsrsavRTENS et N e Rs R EaRENNE R eaTATEROrS

sebanesusaansrevsrsnen

- .
DR~ e T Rl

D T T T T L T andd

erevesssisuseun e ResanTaRtre SR s TR tOT R

ceressshstsaveturenassreRiaracasnedrmoee

B L L L L T T Ry Py P R T e R Y

R T L L L T R LT T L

L L LR L LT R T e T R T R

D T T L L T L L LT TR T R RE Y S

aesane

T T T T e Y P T PR Y

sassassarenvaenssanansse

i, ; .
Hence express 5 in the form re'®, where r and 9 are exact. 2]

NV J_‘c

CETTY CYTEPY B .......‘.,.L

1

cerea

messsvsisirvrsaNsTNsRR At e RN sEsRLALEES RSO IR s sententn LS

sesvassrissevacrnnns

srsssssranssaseasnense

-
-

B T T T

ssrsssesansasvasneassasbacs T T L T L L T T )

N - p—
-

.
=l
vavunsserenaisheseinrsavsrenna srnesssrirosrsatererasetoinrorvetdioeitaciatsrirrsnsscanisarsrnssvairavevenyriansoranTse

sessvveseasasoncissnausiane

- =1
-
L\ < -
B /\Za - -

m
s

sescensranse

F T Tr e T R R R e LR L L RN

T LT T T T LT Py

S S T T T R PR T meesssssavtsuiBroneanarassennoer

= ST

w"...........“..u-n--ayu.--«u"..u--s.. Y T T S TR Yy

envsseamanasssiesessseteINes R naRES

ewsesnaes

B T TR PRSP

-
eREssassaseEetIneTATe et esbsssasrEsEabTeaTIReestscobro R bEeNES i ussnssansanasannssivensanrkstbsesssrneanstonan

4ensvrassassesnone

sessrassenas

. e serseans B L T T T LT P PR PR PR RN

sesasecasarssssscsae

e L L LT T T T )

atrsrsarserasirrstaraniiabrs sttt

© UCLES 2021 $709/32/F/M/I21

www.pastpaperpenguin.com



15

In an Argand diagram, with origin O, the points A, B and C represent the complex numbers u, v and
2u + v respectively.

(¢) State fully the geometrical relationship between OA and BC. [21
— "‘"
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(a) The complex number u is given by

Loy icondl v d
_ (cosZw+isin5 )

1 [ | :
cos71t—-1sm7n

Find the exact value of arg u. [2]

TOP . Uhesa... s &Cwyﬁe(/}wv\bels ..... 0. "’bo( '@%ﬂn ......
OQ T, o, w, 07 4=

.................. We.... o0 1‘1901(3/%{5}:#*';*‘3";

.............. ﬁCQS(é:g){"SI’l( de{D@&m&nglf%ﬁ

(b) The complex numbers » and u* are plotted on an Argand diagram.

Describe the single geometrical transformation that maps « onto »* and state the exact value of
arg u*. [2]

.........................................

............................................................................................................................................................

...........................................................................................................................................................
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The complex numbers z and @ are defined by z = 1 —i and @ =—3 +3V3i.

(a) Express zw in the form a+ bi, where a and b are real and in exact surd form. [1]
2wz L= )[-3.4.3035)
................ GO WA= IR TR AT
................ 23230 B2V
(b) Express z and @ in the form re'®, where r > 0 and —7t < 0 < 1. Give the exact values of 7 and 8
in_each case. [4]
I
z1 |
. iy
o R 08, 50 2 ...
............................ 3&.
................................................ . W
............ Q:Tr3.2.3
(¢) On an Argand diagram, the points representing @ and z@ are 4 and B respectively.
Prove that O4B is an isosceles right-angled triangle, where O is the origin. 2
g 8
I B
(35-2,3% +3)
(-2,38) 3
3 o
o / Re,
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7 (a) Verify that —1 + V51 is a root of the equation 2x> + x* + 6x— 18 = 0.

............... {—L.)([HEI)—'
=2 mrs‘.)( “2Gi=S) +. lz\&s) ....... T AR YA CHIEN} -
P AR AT MY CT0E A A NN TR T L -
Lo (L}—’rZ\El =4S 1. la)-éy—Z,\@. W A
............ 22 {4z 2080).. = Z,ﬁw&-(kr:

................... : 2% =L 6+&§i—@@l

........................................................................................................................................................
......................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
.......................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
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(b) Find the other roots of this equation. [4]

......... (wé MR )L o)L= ...

XY G B k) BB+ 5,
Xt O X

.............

..........................................................................................

..................................................................

.....................................................................................

............................

........................................................................................................................................................

........................................................................

........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
.......................................................................................................................................................
........................................................................................................................................................
......................................................................................................................................................

........................................................................................................................................................
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10 The polynomial x* + 5x* + 31x + 75 is denoted by p(x).

(a) Show that (x + 3) is a factor of p(x).

[2]
K e 7 SO
3 A
-3 5[ + 3!(—-3) v 35

............ oL A Lo SO S

........ CLE x 45 293+ 1S ol

1D - 18 = O

...................................................... o rr3) 15 5 dnckele
(b) Show that z = =1 + 2v/6i is a root of p(z) = 0. 131

RS O T 2 L2 S
3

....... (-HZJZ)+5{~!+LJE;)7'+3\(-1+2,JE\) t.35.

............................................

,..(—..\..f.zxgi)@...-.:..@.{E.;‘...-...z.@)....k..5.(.(..—.-...@.«2:,:..%) ..... =342+ 35.

.......

Ll 2] [223 2 00Ei). 5. 5.(223.2. 64E)...4. ek £ SLIB......
23 4 0{0i o ke v 68 = 1S = 200G v bele ¥ GUB

I o W 2\ VR W L Oy o VAT o 2L A
o= lele = L2k bl #2060 2
............................... So...z22zla i is...a.. fock...... . QED

........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................

........................................................................................................................................................
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(¢) Hence find the complex numbers z which are raots of p(z%) = 0. n
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