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Overview

Calculating Complex Derivatives

▶ Vector Space
• Definition
• Types of Vector Spaces

▶ Basis
• Intuition
• Example

▶ Linear Transformation
▶ Sine, Cosine Pair

• Properties
• Derivative as a Linear Transformation

▶ Fourier Series
• Derivative as a Linear Transformation
• Calculating Complex Derivatives
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Vector Space
Definition

Calculating Complex Derivatives
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Vector Space
Vectors in 

Calculating Complex Derivatives
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Vector Space
Vectors in 

Calculating Complex Derivatives
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Basis
Intuition

system coordinate  a define to used is Space Vector aof  Basis

Calculating Complex Derivatives

n in tionrepresenta allows Space Vector aof  Basis

Space Vector the in vectors certainof  consisting set a is Basis



7

Basis
Example

Calculating Complex Derivatives
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Basis
Example

Calculating Complex Derivatives
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Linear Transformation
Definition

Calculating Complex Derivatives

An operation on a Vector that can be represented as 
multiplication with a matrix is called a Linear Transformation

Original Vector Rotated Vector Resized Vector
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Sine, Cosine Pair
Properties

Calculating Complex Derivatives
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Sine, Cosine Pair
Derivative as a Linear Transformation

Calculating Complex Derivatives
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Sine, Cosine Pair
Derivative as a Linear Transformation

Calculating Complex Derivatives
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Fourier Series
Derivative as a Linear Transformation

Calculating Complex Derivatives







1

0 ))sin()cos((
2

)f(

)(f

n

nn xnbxna
a

x

x



:as  expressed  be  can  Conditions  sDirchtlet'

satisfies  that    function  any  Series,  Fourier  Using

2

n, in  

)sin()cos(

)}sin(),{cos(















n

n
n

n

nnn

n

b

a

xnbxna

xnxn









y

y

Thus,

Let,



14

Fourier Series
Derivative as a Linear Transformation

Calculating Complex Derivatives
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Fourier Series
Derivative as a Linear Transformation

Calculating Complex Derivatives
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Fourier Series
Square Wave

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Fourier Series
Derivative with 

Calculating Complex Derivatives
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Summary

Calculating Complex Derivatives

▶ Derivative of asin(kx)+bcos(kx) is a Linear Transformation

▶ Derivative Matrix of asin(kx)+bcos(kx) allows calculation of 
complex derivatives

▶ We can sometimes calculate complex derivatives of certain 
functions using their Fourier Expansion

Questions?
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