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If  w  =  r (cos θ  + i sin θ), then the solutions 

of  z
 n
=  w  (the  n

th
  roots of w) are,

z k =  r 
1/n(                   )cos                            +   i sin (       )θ  +  2 k π

n (       )θ  +  2 k π
n

(k  =  0, 1, 2, 3,  . . . ,  n  -  1)

The roots  z k  all lie on a circle with radius  r 
1/n

  and any two 

successive solutions are spaced  2π/n  radians apart

A special case occurs when  w  =  1, called the  n
th

  roots of unity :

z k = (               )cos                    +   i sin (    )2k π
n

(k  =  0, 1, 2, 3,  . . . ,  n  -  1)

(    )2k π
n
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Find the cube roots of  i  and plot them on an Argand diagram.

∴

z
 3
=  i  =  1 cis (π/2) 

⇒

z k =  1
 1/3

 cis ((π/2  +  2 k π)/3)   

z k =  cis ((4k  +  1)π/6)

z k =  cos ((4k  +  1) π/6)  +  i sin ((4 k  +  1) π/6)     

(k  =  0, 1, 2) 

⇒

∴ z 0 =  cos (π/6)  +  i sin (π/6)  ⇒    z 0 = √3/2  +  i/2

Re

Im

z 0z 1

z 2

z 1 =  cos (5 π/6)  +  i sin (5 π/6)  ⇒    z 1 = - √3/2  +  i/2

z 2 =  cos (3π/2)  +  i sin (3π/2)  ⇒    z 2 = - i
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Find the fourth roots of unity and plot them on an Argand diagram.

∴

z
 4
=  1  =  1 cis (0) 

⇒

z k =  1
 1/4

 cis (2k π/4)   

z k =  cis (k π/2) 

z k =  cos (k π/2)  +  i sin (k π/2)     (k  =  0, 1, 2, 3)   ⇒

∴ z 0 =  1, z 1 =  i, z 2 = - 1, z 3 = - i 

Re

Im

z 0

z 1

z 2

z 3
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Solve  z
 3
=  4  +  4 √3  i. 

z
 3
=  8 cis (π/3)

Writing  z
 3
  in polar form gives (check !), 

∴

⇒

z k =  8
 1/3

 cis ((π/3  +  2 k π)/3)   

z k =  2 cis ((6k  +  1) π/9)     (k  =  0, 1, 2)   

∴ z 0 =  2 cis (π/9), z 1 =  2 cis (7π/9), z 2 =  2 cis (13π/9)

⇒ z 0 =  2 cis (π/9), z 1 =  2 cis (7π/9), z 2 =  2 cis (- 5π/9)
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