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Argand diagrams 2D

1 ai |37,)=]zz)
|2,|=5z,| =6
|2,2,| =5%x6=30

i arg(zz,)=argz +argz,
77t

argz, = 38 ,arg z, 5

3n Tn
arg(zlzz)=§+§

iii z,z, =r(cos@+ising)
:30(coss—n+isin5—nj
4 4
|2.2,| =|2]|z]

|Zl|:\j§’|22|:4*/E

|2,2,| =2 x4J2 =4x2=8

i arg(zz,)=argz +argz,

argz, =~ argz, =~
3 4
T 3n
arg(z,z,) = § "
_13n
T 12

iii z,z, =r(cos@+ising)

( 13n 137:)
=8| cos—— +isin—
12

12

2 a |37,|=8x4=32

8t 2m
arg(z,2,) =T t3
24n  10m
=4 —
15 15
34
15

314—; isnotintherange—-t<fd<m

3471: 2n_34n 30m 4_71:
15 15 15 15

4
Soarg(zlzz)=E
u|_8_,
z,| 4
z,|_8n_2m
arg| X |[=—-=
z, 5 3
247 _ 10
15 15
L4n
15

‘212‘ =|z,2|=8x8=64

arg(z’)=arg(zz)
8t 8n
= — 4 —
5 5
_l6n
5
16?“ isnotintherange—-t<fd<mn

167 16t 10m 671:
= op=—"_
5 5 5 5
b . .. )
— isstill not in the range —t<@<m,

so we need to subtract 2magain:
67 5 67 101: _A4n

=
5 5 5 5
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3 a (cos28+isin26)(cos36+isin36) e
— c0S(26 +30) +isin(26 + 30) 4(COS5_ﬂ_isinijl(cosﬁ_isini“j
= 0S50 +isin560 9 2 18 18

Here, neither factor is in modulus-
argument form. Use

T St . . 81 cos(—0) =cos@ and sin(—0)=—sin@
b | cos—+isin=— || cos— +isin — .
( 11 11]( 11 11) to write:
5n 5w
=cos(3—n+8—nj+isin(3_n+8_“j cos[—g}cosg and
11 11 11 11
=CcoSm+isinm Sin[_S_nj:_sins_n
= —1+i(0) _ S 9
_ 1 Also write:
B [ nj 5w
cos| —— |=cos— and
8 18
T .. T T .. T . 5n . Sm
c 3(cos—+|sm—jx2(cos—+|sm—j sinf ——— |=—-sin—
4 4 12 12 1 18
=(3x2)(cos(£+£j+isin(£+£D 5 5
4 12 4 12 4(cos(——j+isin(——nx
9 9
T .. Y
:6(003(—j+|3m[—n 51 5
3 3 1 cos(——j+isin(——j
2 18 18
ol 1,3, 5t 5 5t 5
2 2 —4xL cos(——n——n}r si (——n——nj
2 9 8 9 18
=3+3/3i ( 15nj . ( 15n)
=2| cos| ——— |+isIin| ———
18 18
d 6| cosE—isinX cos = +isin =
\/_( 3 ij( 3 3 =2 cos(—S—nJHsin(—s—nD
The first factor is not in modulus- 6 6
argument form. Use s N
cos(—6)=cosd and sin(—0)=—siné B
to write — 3
T T . T . T
cos| ——= |=cos— and sin| —= |=-sin=
( 3) 3 ( 3) 3 f
T . . T mw .. T
G(COSEHS'nEJXS(COS§+'SmEj
\/5 cos[—ﬁjﬂsin(—fj \/§(cos£+isinﬁj
3 3 3 3 1 2n . . 2m
><§ cos?+|sm?
=J6x+3 cos[—£+£j+isin(—£+£j

3 3 3 3 1 ..

o =| 6x5x= (COS(1+E+2—“)+ISIH(1+E+2—“))
=J1_8(c030+|5|n0) 3 035 1035
=\/1_8(1+0i) :10(cos%+isin%nj
-3/2

=10 —£+li
2 2
=53 +5i
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3 g First, re-write the second factor so it is in 3(cos“+isin n)
modulus-argument form: 3 3
(cos46+isin46)(cosd—isinb) c 4(cos5n+|sm 57;)

6 6

= (cos4 6 +isin460)(cos(-0) +isin (-0))

— cos(40-+(—0))+isin(40+(-0)) _ §(¢“(§‘%)““”(§‘%D

=c0s36+isin38

4
3(cos£+isini)xﬁ(cosﬁ—isin Ej =§(0—i)
12 12 3 3 4
:3(cos%+isin%)x\/§(cos(_gj+isin[_gj ) =—%i
T
—3<J—)£°“(ﬁ‘§}““”(ﬁ‘§j] g Cos20-isin20
cos38+isin36
= 3ﬁ[cos(—%)+ isin(—%n _ cos(—26) +isin (-26)
cos30+isin36
_3[[ ] — cos(~20—36) +isin (-20 -36)
2 2 — c0s(~56) +isin (~56)
=3-3i =c0s560 —isin50

4 a cosb@+isin50

5 =-9+3iy3
cos26+isin26 az * I\/_

2
— cos (56— 26) +isin (50 - 26) |2|=\/(—9)2+(3J§)
=c0s36+isin36 _ /31t 27
=108
T, ijcin T
b ﬁ(coszﬂsmz) 63
1(cos™ 1isin® 33 3

9
Belis) ()

2
As z is in the second quadrant,

:Zﬁ(cosfﬂsinﬁj agz=n—-«
4 4 T Sm
argz=at—g:E
\/_ \/_ Z _6\/_(cos—+|sm 5_nj
=2+2i 6

12

bi w= \/_[cos—+|5|n7—nj
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5 b ii zw=6\/§(cos%ﬂ+isin%jx

ﬁ(cosz—gﬂsin Z—;)
= 6\/§x\/§(COS(5—" )+|sm( +1
_18(cosi+|sml7—nj

12 12

117—27[ isnot inthe range —t <@ <.

17n 9 17 24n 7n

T
12 12 12 12

zw =18| cos —7—n +isin —7—71:
12 12

=18 cos7——|3|n7—n
12 12

i
6\/§(coss+|sm5nj
z_ 6 6
w n on
3| cos—+isin=—
\/_( 12 12)

= %(COS(S"—”) +isin (%"_%))

-
o

cos—+|sm—j

COS +isin )

Challenge

a z_1+if

e 187 -

tana =3
@ 1

a=tan™ (ﬁj :g

1

T . . T
Z=2| CcoOS—+isin—
[ 3 3)

2’ =2' (cos7—+|sm 7—ﬁj
3 3

7?“ isnotintherange —-t<@<m.

T

Tc _—

3 3 3 3
77 =128(cos£+isin ﬁj *)

3 3

=64 2(cosf+isin Ej
3 3

=64z
Alternatively, from (*):

7' =128 l+i ﬁ
2 2
2" =64+ 64i\3
So 7 =64(1+iJ§)=64z
Hence k =64.

b z2#=2¢ (cos4—n+|sm4—nj
3 3

7% = 2 (—cosg—isin%j (%)

=-2° 2(cos£+isin Ej
3 3

=-8z
Alternatively, from (**):

z* :16(—%—§ij

7' =-8-8i/3
z* :—8<1+i\/§):—
So p=-8.
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Challenge
¢ When the points z, z’ and z* are plotted

on an Argand diagram, they form a
straight line as shown below.

Im 4 27 = 64 + 64iy3
z=1 +i1,,|'§
0 Re
4= 8- 8i\3

[Note that you can also deduce that z, z’

and z*lie in a straight line by knowing
that z" and z*are scalar multiples of z
by factors k =64and p=-8

respectively.]
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