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A.1 Fourier Series
[Fourier Series] Let the signal x(t) be a periodic signal with period T0.If the 
following conditions are satisfied
1. x(t) is absolutely integrable over its period

2. The number of maxim and minima of x(t) in each period is finite
3. The number of discontinuous of x(t) in each period is finite
then x(t) can be expanded in terms of the complex exponential signal as

where 
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xn are called the Fourier series coefficients of the signal x(t).
For all practice purpose, 
From now on, we will use         instead of 
The quantity              is called the fundamental frequency of the 
signal x(t)

The Fourier series expansion can be expressed in terms of angular 
frequency                    by

and
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Discrete spectrum - we may represent                           where 
gives the magnitude of the nth harmonic and           gives its 

phase.                      
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Example: Let x(t) denote the periodic signal depicted in Figure 2.2
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is a rectangular pulse. Determine the Fourier series 
expansion for this signal 
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Solution: We first observe that the period of the signal is T0 and 

0
0

0

0

0 0

2
/ 2

/ 2
0

2
/ 2

/ 2
0

0

0

0

0 0

1 ( )

1 1

1
2

1 sin

sinc

tjnT T
n T

tjn
T

n njn jn
T T

x x t e dt
T

e dt
T

T e e
T jn

n
n T

n
T T

π

π
τ

τ

τ τ

π

πτ
π

τ τ

−

−

−

−

−

=

=

⎡ ⎤
= −⎢ ⎥

− ⎢ ⎥⎣ ⎦
⎛ ⎞

= ⎜ ⎟
⎝ ⎠
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

∫

∫

A.1 Fourier Series 5/21



CCU 
Wireless Comm. Lab.8

Therefore, we have
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Superposition of  0

2

0 0

( ) sinc
tM jn

T

n M

nx t e
T T

πτ τ
=−

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∑

5.0=τ 2=T

A.1 Fourier Series 7/21



CCU 
Wireless Comm. Lab.10

A.1 Fourier Series for Real Signals
If the signal x(t) is a real signal, we have
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For a real, periodic x(t), the positive and negative coefficients are 
conjugates.

has even symmetry and      has odd symmetry with respect to the 
n=0 axis.

nx nx∠
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We may let                       and 
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To obtain     and   , we havena nb
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There exists a third way to represent the Fourier series expansion of a real 
signal. Noting that
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For a real periodic signal, we have three alternative ways to represent 
Fourier series expansion 
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The corresponding coefficients are obtained from
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A.1 Fourier Series
Complex Exponential Fourier Series

Given a signal x(t) defined over the interval (t0,t0+T0) with 
the definition 

we define the complex exponential Fourier series as

where
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A.1 Fourier Series
Trigonometric form of the Fourier series

If x(t) is real and periodic signal
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A.1 Fourier Series
Parseval’s Theorem
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A.1 Fourier Series
Fourier series for several periodic signals
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A.2 Fourier transform
Fourier transform is the extension of Fourier series to periodic and nonperiodic 
signals.
The signal are expressed in terms of complex exponentials of various frequencies, 
but these frequencies are not discrete.
The signal has a continuous spectrum as opposed to a discrete spectrum.
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Theorem 2.2.1 [Fourier Transform] If the signal x(t) satisfies certain conditions 
known as Dirichlet conditions, namely,
1. x(t) is absolutely integrable on the real line, i.e., 

∞<∫
∞

∞−
dttx )(

2. The number of maxima and minima of x(t) in any finite interval on the real 
line is finite,
3. The number of discontinuities of x(t) in any finite interval on the real line is 
finite,

Then, the Fourier transform of x(t), defined by 
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Observations
X(f) is in general a complex function. The function X(f) is 
sometimes referred to as the spectrum of the signal x(t).
To denote that X(f) is the Fourier transform of x(t), the 
following notation is frequently employed

to denote that x(t) is the inverse Fourier transform of X(f) , the 
following notation is used

Sometimes the following notation is used as a shorthand for 
both relations

)]([)( txFfX =

)]([)( 1 fXFtx −=

)()( fXtx ⇔
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The Fourier transform and the inverse Fourier transform relations can be 
written as

On the other hand,

where             is the unit impulse. From above equation, we may have

or, in general
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Example 2.2.1: Determine the Fourier transform of the signal .
Solution: We have
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•The Fourier transform of   . )(tΠ
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Example 2.2.2: Find the Fourier transform of the impulse 
signal   .

Solution: The Fourier transform can be obtained by

Similarly, from the relation
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•The Fourier transform of         . )(tδ
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A.2 Fourier Transform of Real, Even, and Odd 
Signals

The Fourier transform can be written in general as

For real x(t), 
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•Since cosine is an even function and sine is an odd 
function, we see that, for real x(t), the real part of X(f) is 
an even function of f and the imaginary part is an odd 
function of  f. Therefore, we have

•This is equivalent to the following relations:
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A.2 The Fourier Transform
Properties

superposition theorem

Time-delay theorem 

Scale-change theorem

Duality theorem
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A.2 The Fourier Transform
Frequency translation theorem

Modulation theorem

Differentiation theorem

Integration theorem
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A.2 The Fourier Transform
Convolution theorem

Multiplication theorem
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A.3 Discrete Time Fourier Transform
DTFT

IDTFT

Parseval relations
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A.3 Discrete Time Fourier Transform
If x(n) is absolutely summable 

X(w) exist
Low frequency : 0

High frequency : 
Discrete time sequence

Continuous spectrum with periodic 

π±

2π
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A.4 Discrete Fourier Transform
N-point DFT

N-point IDFT

Discrete sequence 
Discrete spectrum
Suitable for digital computer
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A.5 Fast Fourier Transform
Saving the computing and complex of DFT

The FFT drastically reduces the amount of calculations by exploiting 
the regularity of the operations in the DFT.

Butterfly FFT
The radix-4 butterfly

In the radix-4 algorithm, the 
transform is split into a number 
of trivial four-point transforms, 
and non-trivial multiplications 
only have to be performed between 
stage of these four-point transforms.

Suitable for digital computer 
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A.5 Fast Fourier Transform

An N-point DFT requires       complex multiplications or 
phase rotations and         complex additions.

An N-point FFT using the radix-4 algorithm required 
only             complex multiplications or phase 
rotations and complex additions 
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A.5 Fast Fourier Transform
FFT butterflies for an N-point DFT
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A.5 Fast Fourier Transform
The illustration of FFT butterflies for an 8-point DFT
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A.5 Fast Fourier Transform
The comparisons of complexity between DFT and FFT
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工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训推荐课程列表： http://www.edatop.com/peixun/tuijian/ 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

手机天线设计培训视频课程 

该套课程全面讲授了当前手机天线相关设计技术，内容涵盖了早期的

外置螺旋手机天线设计，最常用的几种手机内置天线类型——如

monopole 天线、PIFA 天线、Loop 天线和 FICA 天线的设计，以及当前

高端智能手机中较常用的金属边框和全金属外壳手机天线的设计；通

过该套课程的学习，可以帮助您快速、全面、系统地学习、了解和掌

握各种类型的手机天线设计，以及天线及其匹配电路的设计和调试...

课程网址： http://www.edatop.com/peixun/antenna/133.html 

WiFi 和蓝牙天线设计培训课程 

该套课程是李明洋老师应邀给惠普 (HP)公司工程师讲授的 3 天员工内

训课程录像，课程内容是李明洋老师十多年工作经验积累和总结，主要

讲解了 WiFi 天线设计、HFSS 天线设计软件的使用，匹配电路设计调

试、矢量网络分析仪的使用操作、WiFi 射频电路和 PCB Layout 知识，

以及 EMC 问题的分析解决思路等内容。对于正在从事射频设计和天线

设计领域工作的您，绝对值得拥有和学习！… 

课程网址：http://www.edatop.com/peixun/antenna/134.html 
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的 HFSS 培训教程套装，可以帮助您从零开始，全面深入学习 HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系统

设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又全面

地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设计方面

的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技术能力，

把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家... 

课程网址： http://www.edatop.com/peixun/ads/13.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 


