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LESSON 77 - Geometric

OComplex numbers can
be shown Geometrically
on an Argand diagram

Argand Diagram

OA complex number can
be represented by the
position vector.

X
y
OThe Modulus of a

complex number is the
distance from the origin

Im

Re

to the point.
Can you generalise this?

2] = /(x?+y?)

How many complex numbers in the form a
+ bi can you find with integer values of a
and b that share the same modulus as the

number above.

Could you mark all of the points?

What familiar shape would you draw?(more

of LOCI later!)

http://tube.geogebra.org/material/

Complex Numbers

o Representations of OThe real part of the
number is represented on
Complex Number's the x-axis and the
imaginary part on the y. -
Argand Diagram -3
Modulus and Argument '341 20
Polar form 2-2i
° | Modulus of a complex number o Geogebra Illustrations of Algebra of

simple/id/23937

http://tube.geogebra.org/material/

simple/id/23938

http://tube.geogebra.org/material/

simple/id/42722
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| Modulus questions ) Example
Find
a) |3+ 4i
b) |5-12i| .15 | BN
Find the minimum value of |z +w| . © e
c) |6-8il —
d) |-24-10i|

Find the distance between the first two complex
numbers above. It may help to sketch a diagram

Example - Solution ° The argument of a complex number

The argument of a complex number is the angle the

(@)

First, we need to determine the complex number z +4:

244 = (14+20)+4 = 5+2i.

line makes with the positive x-axis.

Then we have, [5+2il = /25+4 = /29

(b)  First, we need to determine the complex number z+w : Can you genercﬂ ise this? Im
z+w = (1+20)+(x=i) = (x+ D) +i ~l(x+1)+il = Jx+1)2+1.
= Jx24+2x+2
Vet
395 argz =0
L]
. Yy

MATHEMATICS - Higher Level (Core) 6 = tan (y / x) 6/

Now, /a2 +2x+2 = J(x¥+2x+ 1)+ 1 = /(x+1)?+ 1. The minimum value will occur -t1<0=<xm YT Re
when (x+1)2+ 1 is a minimum. But, the minimum value of (x+ 1)2+ 1 is 1, therefore the

minimum of /(x+1)2+ 1 is /1 =1. . . .
It is really important that you sketch a diagram
before working out the argument!!
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The Polar form of a complex number

° The argument of a complex number °
O Calculate the modulus and argument of the O So far we have plotted the position of a complex
following complex numbers. (Hint, it helps to draw number on the Argand diagram by going horizontally
a diagram) on the real axis and vertically on the imaginary.
1) 3+4i
O This is just like plotting co-ordinates on an x,y axis
2) 5-5i O However it is also possible to locate the position of a
complex humber by the distance travelled from the
origin (pole), and the angle turned through from the
3) 203+ 2i positive x-axis.
O These are called "Polar coordinates”
° | The Polar form of a complex number ° | Converting from Cartesian to Polar

ris the The
MODULUS\(Y ARGUMENT
.

(xy)
cos® = x/r, sin@ = y/r
REAL IMAGINARY X =rcos6,y=rsing,
Part part
Im) Im
.
// r 1
A y %
/ 3 //6
T T € Re

()= ()= an ')

Convert the following from Cartesian to Polar

Im|

i) A=

i) (+/3,1) = P

iii) (-4,-4/3) =
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° | Converting from Cartesian to Polar ° | Converting from Polar to Cartesian

(x,y)=(r,0)=(,/x2 +y2,tan“§) (7,6)=(x,y)(rcos,rsin6)

Convert the following from Cartesian to Polar Convert the following from Polar o Cartesian

) (11)= (2.n/4) m ) @m/3)=
i) (-/3,1) = (2,51/6) // ; i) (3/2,-m/4) = Im
_ A
iii) (-4,-4/3) = (8,-2n/3) ARNEE i) (642,3m/4) = L1
X Re v y
6

[} | Conver“ring from lar to Cartesian If r = 0and 0 = 6 < 27, the complex number z = x + yi may be written in
polar form as

(V,9)= (x,y)(rcos0,rs1n0)

z=x+yi = (rcosf) + (rsinf)i = r(cos b + isinf) @
Convert the following from Polar to Cartesian Imaginary
axis
i) (4m/3)=(2,2/3)
Im| z
i) (3/2,-n/4)=(3,-3) L Iy
e Real
L A
i) (642,31/4) = (-6.6) - o ¥ o
| y Z= X+ yi=r(cos 0 + ising),
/3( r=0,0<6<2m
[=IXT™7T" Re
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: _ . . Plot the point corresponding to z = -3 + 4i in
® Plot the point corresponding to z = -3 + 4i in ° . :
_ _ the complex plane, and write an expression
the complex plane, and write an expression .
_ for z in polar form.
for z i polar form.
. Imgginary
z=3+4i Axis
é Real Axis
oo|z=3+4i isinQuadrantll z=3+4i 4

x=-3 and y=4

F=r(=3) +4> =~/25=5

Find the reference angle
() by solving

tana = R
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A

-3
6=180"-53.13" =126.87"

Z=r(cosO+isinf) =

=5(co0s126.87" +isin126.87")

Plot the point corresponding to z = V3~ iin the complex plane, and write an
expression for z in polar form.

Plot the point corresponding to z = V3 —iin the complex plane, and write an
expression for z in polar form.

Imaginary
axis

S Y Y

Imaginary
Axis

|5
2

-1 Real Axis

 AB=i
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Find the reference angle (o) by

solving
R4
| ﬁwg | | tana = X_l
,%2 -1 tanao = ﬁ‘
1 o =tan™ _T;‘
a =30°

6 =360°-30° =330°
z= r(cos@ + isin@)
z =2(cos330° +isin330°)

| Write in standard (rectangular) form.

Sm . . Sw
2| cos—+isin—
[ +i5m 5 )

| Write in standard (rectangular) form.

Sm . . 5w
2l cos— +isin—
6 6
COSS_”=_£ sins—ﬂ=
6 2
NERR!
172 " =B
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xXampie:

Convert z = 3 cis 55° to rectangular form.

Convert z=-2-3i to polar form.

EXGMC .

What is the absolute value of the following complex numbers:

z=3+2i

Z= 4cisﬁ

Muttiply:  (3cis165° )(4cis45”)

*Do )lou want to go thru that every
time?

(rcisar)-(tcisp)=r-t-cis (o + B)
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Multiply: (4cis25° )(6cis3 5 )

3cis165°
4dcisd5’

Divide:

| Properties of modulus

CAEAREARA z"

-l
[2-1

‘Z-EHZ‘Z Proof :z =a+ib,zz=(a+ib)(a-ib)=a’ +b? =\Z\2

z|_[z
z,| |z,
2, +2,| slz|+|z,| |2+ = lz:] |

-2l = [l -zl <[+

‘Zi - Zz‘z +‘Z1 + Zz‘z =zqzi‘z +‘Zz‘2:

| Properties of Argument

Arg(z,.z,)=Arg(z, )+ Arg(z,)
(2| -Ara(e,)-Ara(z.)
2
Arg(z,.z,....2,)=Arg(z, )+ Arg(z,) + ... + Arg(z,)

Arg(z)-- Arg(z), Arg (%) --Arg(z)

Arg(purely real) = 0 or = or 2nz and vice versa

Arg(purely imaginary) = % or —% or(2n+ 1)% 32?S;ice




