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Powers and Roots of
Complex Numbers
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Learning Objectives

Upon completing this module, you should be able to:

1. Compute products and quotients of complex numbers in
trigonometric form.

2. Use De Moivre’s theorem to find powers of complex
numbers.

3. Use nth root theorem to find roots of complex numbers.
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Powers and Roots of Complex Numbers
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- The Product and Quotient Theorems- The Product and Quotient Theorems
- De Moivre- De Moivre’’s Theorem; Powers and Rootss Theorem; Powers and Roots
of Complex Numbersof Complex Numbers

There are two major topics in this module:
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Quick Review:
Cosine of a Sum or Difference
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Quick Review:
Sine of a Sum or Difference
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Quick Review:
Tangent of a Sum of Difference

http://faculty.valenciacc.edu/ashaw/
Click link to download other modules.



3

7Rev.S08

Product Theorem is Easy
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 If                                                         are any two
complex numbers, then

 In compact form, this is written

Tips: Use the FOIL method to multiply complex numbers and
         use the Sum and Difference Identities to simplify it.
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Using the Product Theorem
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 Find the product of
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Quotient Theorem
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 If
are any two complex numbers, where

                                            then

Tips: Multiply by the conjugate of the denominator to both the numerator
and denominator.
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Using the Quotient Theorem
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  Find the quotient.
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Powers of Complex Numbers
(De Moivre’s Theorem)
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 If                                is a complex number, and if
n is any real number, then

 In compact form, this is written

De Moivre’s theorem greatly simplifies calculations involving powers and
roots of complex numbers.
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Example: Find (−1 − i)5 and express the
result in rectangular form.
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 First, find trigonometric notation for −1 − i

 Theorem:
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Roots of Complex Numbers
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 For a positive integer n, the complex number
a + bi is an nth root of the complex number x + yi
if

De Moivre’s theorem can be extended to find all nth roots of a complex
number.
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nth Root Theorem
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 If n is any positive integer, r is a positive real
number, and θ is in degrees, then the nonzero
complex number r(cos θ + i sin θ) has exactly n
distinct nth roots, given by

 where
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Example: Square Roots
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 Find the square roots of
 Trigonometric notation:

 For k = 0, root is
 For k = 1, root is
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Example: Fourth Root
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 Find all fourth roots of                     Write the roots
in rectangular form.

 Write in trigonometric form.

 Here r = 16 and θ = 120°. The fourth roots of this
number have absolute value
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Example: Fourth Root (cont.)
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 There are four fourth roots, let k = 0, 1, 2 and 3.

 Using these angles, the fourth roots are
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Example: Fourth Root (cont.)
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 Written in rectangular form

 The graphs of the roots
are all on a circle that has
center at the origin and
radius 2.
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What have we learned?

We have learned to:

1. Compute products and quotients of complex numbers in
trigonometric form.

2. Use De Moivre’s theorem to find powers of complex
numbers.

3. Use nth root theorem to find roots of complex numbers.
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Some of these slides have been adapted/modified in part/whole from the
slides of the following textbook:

• Margaret L. Lial, John Hornsby, David I. Schneider, Trigonometry, 8th
Edition
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