‘ORKED
K AMPLE * 2

Find all values of n such that (=V3 + )" + (—=V3 — )" =0.

JiHK - WRITE
- = T
- R N L
. Express the complex number R S m::\\ =
. - -
_~/3 + i in polar form (see g
“Worked example 11b).
y The complex number -V3 ~iis —\E - =1 u( - )
; s s &
the conjugate. Express —V/3 — i in )
“polar form.
| Express the equation in polar form. (V34 T (V- 7 =4
S R / oo N
S - S
(305(%’-‘—}) +{_‘cm(———_—j) =0
v . . (fl .
. I .2 A U AT A
. Use de Moivre’s theorem. e e s e R
- ‘ LR N 5 E:; /
: il o Emy Ty
, Take out the common factor _’*( czs:( - } - cm{ e ) }i =1
: . o - L
and expand cis( ). o !
{ San ) S RS A
CCS\ paal B al| ,,n( ! ) Aorge| = b ‘“m{ .WL_.L_’_ }
0 R . 5 N 58
. Use the trigonometric results Tinee cosi—d1 = enal F1 and sint— &1 = —sncd
for functions of negative angles oS
: . Poowt 22 ] =0
and simplify. - T J
" Use the formula for the general s ( b } = ()
solutions of trigonometric N .
: S LI S E .
¢quations. e T =t
RUIACIRE -
Solve for 1 and state the final i o= e vl £ 2 D

answer.

RCISE 3.3 Conmplex nunibers i pelar form

+V3i B+
d V3 —i & 4

ouy

Lo

Convert each of the following complex numbers to polar form.

o =2 = 2N3

£

= Convert each of the following complex numbers to polar form.

& V3 bl V3
g 2-=72 2 =7

2

i Convert § ms(—:) into rectangular form.
A

e : . .
wite g Convert 4 c1s(—-;) into rectangular form.

2 =V3 -
T




':; Convert 62 cis(—135°) into X + yi form.
v, Convert 3 cis(126°52") into @ + bi form.

Alu=

o
=S
a

iy

2
g Ifu=4cis (g) and v = % cis (——%) fnd each of the followin
D L 2

-

4 i

U
Vv

P

i

answers in rectangular form.

e _
AN (=D .
@T)Snnphfy ST T giving youd answer In rectangular form.

12 Show

e

COMSOLIDATE

a3+ 4i

~

\7#7 Find all values of n such that
Find all values of n such that {1+ AR (- /3= 0.

1% Express each of the following i polar fofm, giving angles in d

nt
v

(/3 —i)*
S\ _ A
- Show that tan{ == | = V3 + 2

12

FA

o
S &

& ulf, giving your answer in rect

n Givenu =1+ (V3 + 2N, find ix and hence find Argf—

2TEY . T — A .

AT Tfu=06c18 (— ) find 77 ', giving your answer 11 rectangular form.
2 37 1. :

—=cls (——— _find =, giving yout answer in rectangular form.

4 1f g = 4V2 cls (-—%f—) and v = V2 cis (—ZL:) find each of the following,

iving your answers in rectangular form.

angular form.

/3 =240

that tan (}_}E) — /3 — 2 and hence fnd Arg(l + (V3 = 2.

12

n7-—24 c -5+ 121

a uy b —
u
dw Tt
3
17 Given u

your answers i exact rectangular form.

2 uv
@z Itz
i

o I

1z

7
et
ey
£

. v
21— 3V ¢

153
— 7 4 2i, find each of the following.

i Arg(z®)
_34/3 + 3i, find each of the following.

i Arg(z®)
5 5V3

i

c = - i find each of the following.

2 2

i Arg(?)
—2+/3 - 2i, find each of the following.

l

T

(1+ V3 —=a- V3 i) = 0.

egrees and min
d —4 -4

15 1 u = G ¢is 12°) and v =3 cis(23°), find each of the following, in polar form,
giving angles in degrees.

=3+ 2iandv= V2 cis(—i‘»), find each of the following, €xpress

d v

iving your



19/Let u = (V3 — i),

& Find u, -}; and 15, giving all answers in rectangular form.
b Find Arg(m), Ale(]") and Arg(i).
¢ Is Arg(i) equal to —Arg(u)?
d Is Aw( ) equal to —Arg(u)?
& Is Arg(u®) equal to 6 Arglu)?

04 letu=-1+ V3iand v = -2 — 2i.

i Find Arg(u).
ii Find Arg(v).
iti Find Arg(uv).

fv Find Am( )
v Is Arg(uv} equal to Azo(u) + Arg(v)?
vils A10< ) equal to Arg(u) — Arg(v)?

h Lety =-V3 +iandv=~3+3i
i Find Arg(u).
ii Find Arg(v).
it Find Arguv).
v Find Arg(i—i)
v Is Arg(uv) equal to Arg() + Arg(v)?
vi Is Aw( ) equal to Argu) — Arg(v)?

etli"“—*(\/gul) andvm\fms( )

i Find uv, working with both numbers in Cartesian form and giving your
answer in Cartesian form.
it Find uv, working with both numbers in polar form and giving your answer

in polar form
per . b3
iii Hence, deduce the exact value of sm(;-;)»).

iv Using the formula sin(x — v), verify your exact vatue for sin (—%)
: (2

b Letu= V21 —dandv=2 c1s(—;j£).
el

i Find uv, working with both numbers in Cartesian form and giving your
answer in Cartesian form.
ii Find uv, 'working with both numbers in polar form and giving your answer in

polar form. 5
tit Hence, deduce the exact value of sin (I’Q

&
57
- v Using the formula sin(x — y), ver ify your exect value for sm( L).
)

- - Af".

ZEoz )Let =—-4- \/~z and v = \/_ CIS(———5>

AN

'x\,«/ { frmci - woakmo with both numbers in Cartesian form and giving your

cLiLCV’CZ ity Cariesian form.




e e

| MASTER

i1 .

g

|

i

1

|

|

; = g
éh;;;:;‘j i) ﬁ

Faoiovisation of
polynomials over c
Concept summary
Practice questions

o o 1 . . . .o .
i1 Find = working with both numbers 11 polar form and giving your answer in
‘ll

polar form.
w11 Hence, deduce the exact value of cos| —

ot : . %
s Using the formula cos(x — v), verify your exact value for cos (—1—(;)

wletu=-1- \/3iand v = \/’zcis(s—f)
i Find % working with both numbersf ih Cartesian form and giving your
answer in Cartesian form.
it Find % working with both qumbers in polar fornt and giving your answet in
polar form. '

T
113 Hence, deduce the exact value of cos\ ~— |-

o . & 7
iy Using the formula cos(x = ¥), verify your exact value for cos (% .

23 a iShow that tan ]—;«) =72 -1

iletu=1+ (/2 — 1)i and hence find Argu).
i Find iu and hence find Arg((1 — V2) + D

» 1 Show that tan %— = -3+ 2.
+ Hence, find Arg(—1 + ( V3 4+ 2.
1 Hence, find Arg(l — (V3 + 2)i)
iy Hence, find Arg((V3 +2) + 0.

1]Find all values of n such that:
a b(1+i)”-—(1-—i)"z0
c g (V3D E (V3D =0

1+z .
g o= TCOt(—9—>.
Yoz 2

i sin(26) = 2 sin(@)é@s(é))
 oin(36) = 3 sin(6) L 4 sin’(0).

A++Q-r=0
c (\/§+i)”—(\/§—i)"=0

=z 1f z = cis(8), show that:

a4+ 1| =2cos 8 5 Arg(l +2) =
7

L

2 | D

Z

& Use de Moivre's theorem o show that:
a tcos(20) = cosH @) — sin*(8)
5 icos(30) =4 cos2(9) — 3 cos(@)

polynomial equalions
@uacraiic aquaiions

Recall the quadratic equation a4+ bz +c=0. If the coefficients . bandcared
real, then the roots depend upon the discriminant, A = p? — 4dac.

If A > 0, then there are two distinct real roots.
¥ A =0, then there is one real root.

If A < 0, then there is one pair of complex conjugate r0ts.

Given a quadratic equation with real coefficients, if the discriminant is negative,
the roots occur in complex conjugate pairs. A relationship can be formed betwes
roots and the coefticients.

&
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1

~=1 @ Complax numbais @ EXERCISE

A

2]

™

de de
i

# o4t ={1+10)

o4t =()

i 4P =(3-di)P =47 R4
= (7+240){3-40)
=—(21+72i-n28i«—96£1)
=174

i 4¢=(4)
= ({74240
= 49 + 336i + 5761
=317+ 336

c 4=a+bi

P 4t =(a+bi)
=g+ 2abi+ b
=a’ ~b" +2abi

i 4% =(a+bi)

Use binomial theorem expansion
AU NPT 3
=g +3a i+ 3ab’i + 57

= = 3ab? + (307~ )i

i 4% =(a+bif

o 1 Aabi+6abUE + 4ab® + piit
et —6ath A b T (4c13b—~4ab3)i

Exercise 3

1 a z=l1+3
First quadrant

Y

,\':Ly:.\/;

3 — Complex numbers in polar form

Im(:-)jt
B--o
1

4N

0 | Reln)

¥
z==1+i

Second quadrant

4 0 Re(2)

7=—2-23
Third quadrant
x=—2y=-23

=

= (=2 + (—2 3)2

—

6= Arg(z)

=-T+ tan”! (\ﬁ)

L
Retz)

~ 108/

I
-"j
[E—

P —
=y

3
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el

jax]

d =31

Fourth quadrant

.r=\/§.)'=—1

Imiz) }

0 é Relz}

I=N3
Fivst quadramit
=43 =1

TOPRIC 3 Complex numbers « EXERCISE 3.3 | 89

0 \fﬁ Re(z)

s=—1+3i
Second quadrant

y=-lLy=+3
ld = yx ey

=af143
=2
6= Arg(z)
= —tan” (x/_S-]

s
=i

I
12

s
I8 —~
3.

bt

A

1 9 Re(z)

i

T=—=3 -7
Third guadrant
R

i
R
é
i
B

ighist Meiemating YOE Lnfis 5 ardd 4 Soluiions Mg

dzpesd



o

o8 | TORH: 5 Compla numbers ¢ EXERGIEE 3.

Tnzi A ) ( R’) [ ( 75] =Y
b 3cis| —-— |=8] cos] —— +rsm[-——]
2 .L 2 2/
= 3R 0+8 i1
= —8f
ik ; s ) .
-5 0/ Rel 4 a 642 cis(~135°) = 642 (cos(~135%)+ sin(~135°))
AT =642 cos(135°) - 6+/21 sin (135°)
\ 1 1
i = 62 e — 62
d z=2-02 V2 V2
Fourth quadrant . ox =,W6M6[ < - -
y=2y=m_2 b 3cis(126°527) = 3(cos(126°52") + £ sin (126"32’})
") ] c 3 LI 4’
];i: 3-'{-_\)' BIR—=FIRKIK—
5 3

= = =344
5 ‘

=22 3
8= Arg(z)
. E:écis(zj
=tan'3(—-f—) 3
4 —l H
2 = =
=2 Zcis(—-—) 6Ci5(‘:)
. -~
Tm(z) A 1 .f &
=—cis(——}
6 3
1( ( 7 ( ?EJ)
=—|cos| —— j+isinf ——
— G 3. . 3.
0\3 Re(z) 1 ‘T g
A =—[cos(—}—isin(—])
= 6L 3. 3
s ;(’L £]
€ == 6l 2 2
:\:—7,_\1:0 . ;
l4=7.6=n _ L5,
z=7cis{m) 2 12
Tmlzy A NS
6 u:—cis(——}
4 4,
NG T
[% H=4—C]S —T]
H {) "~
-7 Reiz) oy 4 [ in ]
i = —=CIi§| —
2 L4
f . k7 AN
f =5 =7 cos e +isinj —
1:0,\!35 ) ’
- 4 NE p)
- _?’J —— _£+!'£
[df=5,8==— N B
_ (r =2+
z=15¢is «;)»] ar
- we A7 Pig] — e
Imiz)) 7 u=42 CIS( 4)
39 v:ﬁcis(i)
A 4
< 'Zh a mr:(:!-\/icis(ws—ﬁ)( 2cis)(‘£)‘]
6 Refz) ] 4 4/
=-’.i«/'5><:\/§cis(»—3—j£~:—§)
3a '-‘.cis(MEJz—'}(cos(wg]-'risin[—z” =8cis{~£}
. 3. ] 3/ Y
A T =81
=;f.cos{§J—4fsin(%]
> LD
— ‘-ewz 1; ‘/:‘:
=4 —die
2 2
=225
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= 4 cis(-7)
=4

A
=4 cisi —
S u C]{B)

gl
%-—-ZCES 3

geisf ) Lais)(- 22
a m’-.‘ cis g [:?'CIS 3

—-Lx?.cis(fw:l—’:}
3 03
=8cis(n)
=-8
9 uyu=-1-i

=

Bigihe Tiues

dn T AGQ

TORIC 3 Complex numbers « EXERCISE 3.3 | 91

Im{z)

._; Re(’g) t
#14

: 6
16 (-1+i)f =[. ECES{_%D

1[\/? , 1}
2l 2 2
RCIRY
T4 4

]
[an[z)ﬂan(EJ
4 6

:1 talx[—fi)tan[i)
6 6

1+~L

&

—

&

[

s

._.
|

&l

3}
4

(NS

i
i
H
i

(%)

+ i)
(8%

LIS )

.!

B

i

A

!
Lad

I
[F%)
LR
.l'.
&

9+643+3
9.3
124643
6
EREANE
5} u=1-1-( 3-!—2):’
/ﬂ'g(z.']“—-‘ian'i(j-‘r J:’:)
iw
1
detic! Methemetos VOE Lindis & and 4 Saluilons Manosi



[
b

iu={1+(‘/§+2)z’}i

=E

u=1 +(\/§ —-?.)i, in fourth guadrant
Arg(u)=an™ (J§ - 2)

_an Y ni nm
0=2" — j+isin| — |-| cos| ~w
L3 3 _ 3

| ToPeG & Complex numbers » EXERGH

u
po

t
-+
<

&
Il
ug

—
r

—

|

H

]

I

|

|
AN
)

3

= ~73%44"
2= 23 cis{-73%44")
Im(z) A

|

YN S

el
=3
o}
.’_'.

i

Y

S

=)




¢ s=-5+1%
x=-5 wy=il

z=13¢is{112°37")
Imiz) A

12

Rc(fz)

0= Arg(z)
=180—tan"'(1)
=-135°
s=42 cis(-1359)
Imiz) }

Relz}

A

16 w=0Gcis(129) v=3cis(23°)
a pr=46cis{12°)% 3 ¢is{23°)
=63 3eis(12+23)

=18 ¢is{35°)
b v 3cis(23°)

w Geis(12°)

cis(23°-12°)

_J
5
=5 is(117)
¢t =(6 1s(2’>°)
6* cis(2129)
cis(249)

36
34
= (3cis(23)
A3
ul
=27

P}
lf i lf

cis(33¢23°)
cig (69}

5 . 3 . )
& oy —(£3c13(1"°)) ‘<{3CIS(33°))
=6 <3 eig(122 5+ 23 4)

= 010856 cis{1537)

Lizihe Onest

12 Trecizlist Meihemetd

TOPIC 3 Complex numbers « EXERCISE 3.3 | 93

e

3
i

3c1s(°"°))

6 cis 12“))

,__.__,_.—__

u.,..:
=)

- cis(6%23°~12°% 3)

[ C:\
~]

cis{102°)

il

«“|

17 u=3+2

v=T2 cis(T]

=743 os{ L Joisn[ 2 |

1 1
= ) R R
7\/:[ \l,iJrﬁr)
=747
a v ={3+2)(-7+7i)
=2 14f+ 217 £ 1447
=35+
b 2u=3p=2(34+2)-3{-T+7)
=6+ 4 - {-21+21)
=27 ~17i
vy =7+
¢ —= ps
o 342
21421+ 14i - 1447

3-3i

321

9. 4;*
L 1L,
13 13

d v ={-T+7i)
= 49 - 087 +49;

=-08i
18 a z=2+724
—E\Ecis[ }
Im(z)
3t
7l
1
A
¢l 2 Rel

i 2= (242 eisf 342

= 46004 cis{ 2w )
= 4096 cis{0)
=096

i Aug(z*)=0
Iy Im(z) &

co VOE Uinlis 5 e 4 Zoluflons Manued




94 | LR & Complad numbers ¢ EXERCISE 3.5

1 T &= Arg{n
Araln =7:'-E:1n_i(—--;-] Arg(z)=tan l[—f) (s}
J3 3 = - tan” [\/3)
:T_E =_£ T
6 6 kel
- >
5w o JT] 5
== s i) e b
: (-5 =
- . 3
::_Jﬂf;ﬁ-é{ AU cis(wlﬂ} =1+
6 is(f’r‘] ° Iz
=6cis| — : =7 cigl =%
.6 =47 cis(—jﬁ-i-"lfr) ,ms( 3 )
5 s ( 5?:'] .6 : n
P2 =6"cis| 6 — o ii Im(z)
6 = 16384 cis[ﬂ)
=6° cis(57) 6
= 46656 cis{ 3z~ 4iT) 3r im
= 46636 cis(7) -»16334((.‘03{ < stm( g D % mﬁ j Re(;
=—46656 : # 24
i Arsl-%)= =16384 L1 -
i Ajg(., )-;'r =163 _T+§I
c Imi r= 2
M =-8192/3 + 8192 p=-2-d
T=-2 _\r:—‘z

31 . 5n =
X i Arg(<) == r=E+E
#\ 1 =22

VT Re(o 19 u=5{(3-1) 6= Arg(v)
=c1s(—£] 7 —tan” {1)
6.
e
n} 4
a u=cis| =
(6. L 3=
= 3
;_(VG"H) y=wd o 3f

1, = .
““”5( 3"'1) iit zw—”cm( JX’JJ_CLS(—T)

u" =cis(—x) "
ek 4
=cis(x) —4\/_czs(w—£)
4
=1
3 I =T eigl - T
1 b Argif)== _4\/2.:13{ 12}
: Aw(i]zﬁ = Arglv)=~—
( iz “Lu) 6 -
z=3cig| - . s
3. Arg(zr°]=ﬂ' e 2c1s(?J
o 2 - , v Mo _ i
; :0=5—Cis(_9'<w_§£J ¢ Arg( rl)‘z—.iu‘g(zr) Yes v zﬂcis(_ij
= 5% cis{~47) d mg(njm—mg(u) Yes
R, N7 1  (2r 3m
=1933125 cis(0) ) = o cig| —+ =
=1953125 e Arg(ub)nﬁArg(u) No V2 34
9 3
u Arg(: }:0 0 a i m(z) =—\i—:c:1 {l;"—ﬂwlfr)
d Imiz) - ‘
}.’5' V2 ( 775]
=— ¢is] ~—
A\\ 2 i2,
e ' : o ) T2
0\'& /5 Reiz) -0 Rel2) Al°(;,)” 12
ol R -
50 Arg (u}———— A;cr(v)———ﬂ
A 4
1 v AJg{xN}:Afg(u}-rArg(v)
=232 sohEva _ . In this case. yes, but not in
v=243 y=-=2 x=-l y=43 aeneral
r=-/1+3 vy 7x
r= () 4 (2F -3 it sg( 2 =22 ¢ Arglu)- asglr
. v 2
=3 No
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b i Im(z}
i_
A—.
\\
T
3 G Re(z)
w=—J3+i
r=—3 y=1
r=3+1
=2
0= Arg{u)
(&)
= 7T —tan —_
3
7
= ——
6
_i=
G
w=—3+i
. s
=2cis(—E}
.6,
i iz A
D
3 O Re(z)
v
v=-3+3i
x=-3 )):3
r=+9+9
=32
0= Arg(v)
=r—wn()
4
=3
=3 ?-_cis(gi)
4

Sm 3
B owv=2gis] 22 ><3J§cis(—)
( 6 . 4

=62 cis(ﬁ-i-ﬁ]
6 4

=643 CiS(——q——ZEJ
= 6.2 cis{ —ﬁJ
12

2 [im 3w
= vz OIS —— — e
32 6 4
3 {ﬁ']
& e 03—
3 N

Rheile Cuest 12 Srnecislist ksl

1

a

TOPRIC 3 Complex numbers « TXERCISE3.3 | &5

v Arg{invy=- s
No

vi Arg(“Jz 2 _ Arg(u)- Arg(v)

w12
In this case, yes, but not in general
Im(z) A

B O\Q Re(z)
1
{
i
=—(J3-i
v=1(3-)
3 1
AR Yo — -
4 4
9 1
r=]=+=
16 4
1
T2
8= Arg(n)
—tan"[——lw}
NE)
=
6
u=-_—(«/§—i)
1 ( ."'E]
=—cig} ——
20 6,
= Ecis[z)
4
=14

1

r= (3114
im 4(f :](_ i)

1 1
:-:l:(\/g"—{)+z( 3?—f~)
LB (i)

4 4

. I[E] ,,.[frJ
fiouy==rcis{ —— | ®~2 Cis| —

L6 4

(]

el
-

2
e
|

Ik
| =
R

NEATE AN
i wy=— 18] = {4+ —13811| —
2 12702

Fousting imaginary paits

LR EAREINS)
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o
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25 1 TOFK B Complex numiers « EXERCISE 3.3
-~ - \/S
:111(’—'J= - l‘<-*(*/3:"-1}?<
NEN VR ]
= %(\/’6— ﬁ) shown
= snl Jesn( $-%)
iv sin) — |=sin| ———
12 40,
ol § oo 5 - eon{ £ Jon( 5
=8 — [e0s] — |~ cos] ~ |sin| =
=3 Y 4 6.
_VT 3 2 22
= 2 A 2 ——2—,5
1
-1(5-43)
43 Imiz}
0\’:\ Refz)
=2 (1)
$=VT  y=ai3
2432
=2
8= Arg(u)
= tap " (=)
=
4
nw=~2(1-1)

(%)

i = (2= V27)(-153i)
":-“'ﬁ-i--\f:’f:—\[éf_fij
=(-2) (o )i

2]
. (2=
]mes(TJ
K ful

i owy=2cis

im

=4 cis —i-J

12
iz . {57
H ouy=cos 1— +4i sing —

Fquating imaginary paits
4 sm( } JE+ 2

‘37

sin{ 1;]=§-(«/€~r \E}

. . 3w C(2r o®
o osinl — j=sin| ———
12 3004
(2m T 2% T
=singy =~ {COs| = |~ £08 sin
3 4 3. 4,

Irn(z)

L

A
]

Re(z)
#

rt=—4——4\/§i
x=—d4  y=—df3
=/16+48
=38
8= Arg(u}

=-x+tan” (Jg}

A
=—]T-f':
>

2

~

3

w=—d— 4.3

—-SCiS(—i)
.3
V=ﬁcis{—3—ﬁ)'
4
=-1-7

£:w4w4\j§j24(l+«f~1) 1-i
l-[

a i

v ~1-i 1+1i

(l-a fr—err )

(J_+I)+"N_ 1)i
Yoz Cis[}ég]
=442 cis(%)

Sl

i

_4J_cos( ]mrsm( )

Equatmﬂ real parts

'J_cos(—"%) (JZH]
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TORIC 3 Complex numbers « EXERCISE 3.3 | 97

v COS(m]=c05(£-E] iii !—'m\/fcos(z-{r—]ﬂﬁsin(l’z}
2, 4 6, v 12, 12,
‘r Yy . (EY, Equating real patts
=COS(f)COS(—)+S!D{—]SIITL“) ‘Tﬁ' 1
4 \6 ﬁc05{7)=;(l_\@)
V23 AT 12/ 2
= s W — e 7 2
12 2 22 cos(—]gm)=%(l—\/§)x71;—x%
&Z(\/g.{-ﬁ) 12 I 22
=—(~f§—x/g) shown
b Im{) A 4
. o) (3?: n‘J
iv cos| — |=cos{ —-—
(5 )T
_;}Q/' Re(z) =cos(£ cos[z}ﬁ-sia(ﬁ)sin[—J
4, 6 4,
) LA
T T
1
=2 (V2-+%)
2tan(A)

Cu -1-4f3 1+J§i/1+1‘

I —= = e W
I Y 1-i 1+i
1B i+

1-1i"

2 . 2z im
=FCIS -
s 3 4,
= C 1w '
= _’cjs[— 2 -5-27?1
12 J
i
=\261s(wm)
12

fzihe Cusst 12 Tped

23 a

i

fzlist Mathemeilos VIR fndis 2

itan(24)=

1—tan*{A4)

T 2/"1=zE et a= tan(g)
4 Y

T -
a+l=%2 but a= tall(é— ] >0, 1ake positive

T
a= tan(w-]
3

=/2-1 shown
n=i+ («ff - l]i
w is in the first guadrant

Arg(u)=tan™ ('\/5"‘ 1)

b
)
u=r'-i-{\-'rf—§)fz
=12+

.. . T ., .
fir s a rotation of 7 anticlockwise from #

s0 Arg(in)= Arg 1—J§]+1‘

nor
W -
203
_im
3
5 n o7
(an} — = lag| ———
iz 4 5
['317) (7}
tan| -~ |—tang —
4 G .
- 3;"' T
i-l—mn[_]tar;(ﬂ:]
4 [+]
._3_.':

2 & Tofuiions Barwsd




AL TG O Complay numbers e EXERCISE 3.8

e
rarn

Let =—i+(\/§+2)i
113 in the second quadrant

Arg(n) = Arg(-1+(V3 +2}i)

R
12
iii r'u;-—iq.(\/g_!,?_)ﬂ .
=—(VB+2)-i

Pl (\E +2)i is a rotation of 180° anticleckwise

soArg(l («.@-ﬂ)) Z—f-‘rﬁ-ﬂ;’ﬁ'

_ iz
BT
tv iu=ein
342410
Is a rotation of 270° anticiockwise
so Arg(v3+2+i)= L
2
n
12

24 a 0=(1+i)"-:-(1—:)“

II

S

o

t/:

'J—Iz-] —r
f"""*'-\

S

o,

)
—
4\_|‘_,
it

:cos{ﬂiJ=O

4
1
—:(Ef\ﬂ?}"i

=202k +1) ke Z
b A+ -(1-iY"=0

?.(JE)” ism(-%)

Siﬂ(?}ﬂj

1]
fe
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TOPIC 3 Complex numbers « EXERCISE 3.3 | 88

)l 2) _
O A )

ni
O—:’.X.'l"rsm( ]
6
=¢‘sm[J LJ=O
Emkﬂ
6
n=06k keZ

d (V3+i) ~{v3-i) =0
2% 2" cos(ﬂ)ztl
6

cos(ﬂ]=0
)

a=302k+1) keZ
25 c=cis(d)
=cos(8)+isin(@)
a z+1l=cos(8)+1+isin(d)

241 = (14 cos () + (sin(@))}
= \/1—.L<:cxs(l9)+cos2 (8)+sin(8)

= [2+2 cos(8)

2{1+cos(8))

5)

J shown

] |
-—

i)

X

1

o

o

w

3

D

IJ

il

o

h Arg(1+z)=tan" LW))
1+ ¢0s(8)

2 2111( J
= {an”!
05>

1 g
=tan | tan} —
2
¢
={—1 shown
2

¢ 1¥o_ 1+cos(8)+isin(@) \1-cos(6)+isia€6)
I-z l-cos(@)-isin(8) 1-cos(@)+isin{8)
(l-rcos(ﬁ H1-cos(8))+i*sin* (@) H(an{@)(leGS@)‘-Sln(@)(
{l—coa(@))’wz sin” {0)
_iwcosz6—si133(6‘)+r'sin('6‘,}(]—tos{@]+1-:—ccrs(9})
- {l—costt-}‘)}3 +sint (8]
sin{@)x2
T 1= 2 cos(@)+ cos (9)4 s (€)

IOICD

“(5)
(3]

m
m|q>

l-.)

[oiQ:r

cos(@)))

s (@)
Z-2ces(d)

gl 3 apd 4

Fiaihs Cuest 12 Tpecializt Maihemeilos VOE tinks
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¥

empley numbers o EXERCISE 3.4

=cos® (0)+ 2 cos(0)sin ()i +i* sin® (9)
= co%” (8)—sln® (91412 cos(@)sin(8)
=cos(28)+isin(28)

i Re cos(28)=cos®(8)-sin>(0)

it I sin(28)= 2s5in{8) cos(d) shown

b o =cis(30) = (cos(8)+isin(8))]
= cos>{0)+3 cos® ()i sin{0) +3 cos(8)i* sin® (8)+i° sin” (6)
= cos® (0)+3i cos® (8)sin(8) -3 cos (@) sin (8)— i sin® {8)
= cos® (8)- 3 cos(8)sin® (8)+i(3 cos® (8)sin(8) - sin’ (9))
=cos(380)+isin{386)

i Re: cos{38)=cos’ (8)—3cos(@)sin’ (8}
=c033(9)w3cos(6)(1—cosl(9))
=cos® (8)—3 cos{0)+ 3 cos” (8)
=4 cos’ (0)-3 cos(@)

B oIm:  sin(30)=3cos? {#)sin(8)—sin® (8)
=331n(8)(1—sinz(9)~»«sin3(9))
=35in(8) -3 sin® (6)—sin’ (0)
=3sin(8)—4sin’ () shown

Exercise 3.4 — Solving polynomial equations
i g=-3~4i

2 o=~
f=2
o+ p=0
off =—4i
=4
P(z)=z"+4
3 Plzy=:"+6:7 492350

P{1})=14+6+9-50=0
P{2)=8+24+18-30=0
z—2isafactor

467 +9:-50=0







