An Alternative Way to Visualise the Roots of Unity
Background:


Consider the equation  where .


Let  and .

Hence the equation becomes .

Using De Moivre’s theorem we obtain .
Comparing moduli:


Comparing arguments:


 where 
We note the following:
· 


Roots of  lie on a circle with centre  and radius .
· 
The roots are equally spaced around the circle at intervals of .


If , then solutions of the equation  are called the roots of unity.


For example, when , the roots lie on the unit circle at intervals of  around the circle.
[image: ]

We can plot the roots in the complex plane and see they form the vertices of an equilateral triangle, each vertex being a distance of 1 unit from .


An Alternative 2D Representation:

Let .


Consider  and so .
We take the real and imaginary parts of both sides.




Plot the two curves. Where the two curves intersect are the three solutions.


An Alternative 3D Representation:
Students can have difficulties visualising complex solutions because they don’t see the roots on the real number line.

Consider .

We have .


Hence we can plot the graph of the surface  and see where the surface touches the plane .
For example:

[bookmark: _GoBack]Consider .


oleObject3.bin

image4.wmf
1

cis

ar

f

=


oleObject4.bin

image5.wmf
(

)

1

ciscis

n

rr

qf

=


oleObject5.bin

image6.wmf
(

)

1

ciscis

n

rnr

qf

=


oleObject6.bin

image7.wmf
11

n

n

rrrr

=Þ=


oleObject7.bin

image8.wmf
2

2

k

nk

n

fp

qfpq

+

=+Þ=


oleObject8.bin

image9.wmf
k

Î

¢


oleObject9.bin

image10.wmf
n

za

=


oleObject10.bin

image11.wmf
O


oleObject11.bin

image12.wmf
1

n

a


oleObject12.bin

image13.wmf
2

n

p


oleObject13.bin

image14.wmf
1

a

=


oleObject14.bin

image15.wmf
1

n

z

=


oleObject15.bin

image16.wmf
3

n

=


oleObject16.bin

image17.wmf
2

3

p


oleObject17.bin

image18.png




image19.wmf
O


oleObject18.bin

image20.wmf
zxyi

=+


oleObject19.bin

image21.wmf
3

1

z

=


oleObject20.bin

image22.wmf
(

)

3

1

xyi

+=


oleObject21.bin

image23.wmf
(

)

(

)

(

)

3

22

Re131

xyixxy

+=Þ-=


oleObject22.bin

image1.wmf
n

za

=


image24.wmf
(

)

(

)

(

)

3

22

Im030

xyixyy

+=Þ-=


oleObject23.bin

image25.wmf
a

Î

£


oleObject24.bin

image26.wmf
2

000

aaa

=Û=Û=


oleObject25.bin

image27.wmf
(

)

2

pz


oleObject26.bin

image28.wmf
0

z

=


oleObject27.bin

oleObject1.bin

image29.wmf
(

)

3

1

pzz

=-


oleObject28.bin

image30.wmf
(

)

(

)

2

2

3

64232426

132361

pzxyixxyxxyxyy

=+-=+-++++


oleObject29.bin

image2.wmf
a

Î

£


oleObject2.bin

image3.wmf
cis

zr

q

=


