
Fourier Series and Fast Fourier Transform (FFT) concepts with a focus on applications. Covers time and frequency domain using guitar 
sounds, but extension to application in wireless communications is also touched on. A Rigol DHO 800 series scope is used to show 
waveforms and spectrums and interpretation of the FFT display is presented in some depth Part 1 introduces these concepts and part 2 
focuses on circuits and how designers use these concepts to achieve system level goals.

ECE Topic #8 – Fourier and FFT Concepts 
in Circuit Design  (Parts 1 and 2)

Slides downloaded from: https://ecefiles.org/ece-topics/

Companion videos at: https://www.youtube.com/watch?v=ywnmV0EDDp8 (Part 1) and

https://www.youtube.com/watch?v=tZ8pwX-eFVk (Part 2)

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/
https://www.youtube.com/watch?v=ywnmV0EDDp8
https://www.youtube.com/watch?v=tZ8pwX-eFVk
https://ecefiles.org/
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Fourier and FFT Concepts
 in Circuit Design
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Some Existing Fourier, FFT 

Videos on YouTube
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What Are We Hoping to Add ?
• An intuitive understanding 

with minimal math(s) 

prerequisites

• Real-world examples of 

finding Fourier series / 

transforms

• Real-world examples of 

use in circuit analysis and 

circuit understanding



• Time and Frequency domains

• Fourier – the Bridge between domains

• Circuits:  from Phasor Analysis to Signal 

Processing
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Today’s Topics
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Guitar Waveforms and Spectrums

Tuning up new 

Stratocaster guitar ☺
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Guitar Waveforms and Spectrums

𝑇𝑜 = 3𝑚𝑠 𝑓𝑜 =
1

𝑇𝑜
= 330 𝐻𝑧
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Time and Frequency Domains

Time Domain Frequency Domain
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• Time and Frequency domains

• Fourier – the Bridge between domains

• Circuits:  from Phasor Analysis to Signal 

Processing

Today’s Topics



ECE Topics  vs  University Courses
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Fourier theory

covered (mainly)

in Junior year



Textbooks and Lectures …
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Any periodic waveform can be decomposed into a sum 

of sinusoids with harmonically related frequencies.

Fourier Series – The Basic Concept
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In the Language of Math(s)

Trigonometric Fourier SeriesTime Domain Waveform

Decomposition
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Finding / Plotting Spectrum
(of a Square-wave)
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Finding Spectrums in Practice …
Use Fast Fourier Transform (FFT)

NOTE:  We often just look at the amplitude spectrum.   Why?

330 Hz, 1Vpp Square-wave 

with 50% duty cycle
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An Interesting Experiment

Proving a square-wave has sinewaves in it ☺

Input spectrum

Output spectrum
Output waveform

Input waveform

High-Q MFB Bandpass filter



ECEFILES.ORG 17

Spectrum of a Pulse Train

330 Hz, 1Vpp “Square-wave” 

with 8% duty cycle
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Spectrum of a Pulse Train

330 Hz, 1Vpp “Square-wave” 

with 8% duty cycle 𝑇𝑜 = 3𝑚𝑠

𝑇𝑝𝑤 = 0.24𝑚𝑠

𝑓𝑜 = 330𝐻𝑧
𝑓𝑛𝑢𝑙𝑙 =

1

𝑇𝑝𝑤

            = 4.2𝐾𝐻𝑧

• Narrow pulses have lots of Harmonics !

• And use lots of bandwidth …
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Effect of Scope’s Sweep Time-base
on FFT Spectrum Resolution

D:\Megaw\Documents\Clarity\Photos\VsVolt
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Some FFT Cell Phone Apps ☺

20

Android Apple



Topics in ECE   #8A
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Fourier and FFT Concepts
 in Circuit Design (Part 2)

𝑉𝑜 𝑓 = 𝐻 𝑓 𝑉𝑖 𝑓

Spectrums

𝑉𝑖

R C

+

_

4.7K 0.1uF

𝑉𝑜
R1

1.5K

𝑉𝑜 𝑓  = 𝐻 𝑓  +  𝑉𝑖 𝑓
dBV dBVdB
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• Time and Frequency domains

• Fourier – the Bridge between domains

• Circuits:  from Phasor Analysis to Signal 

Processing (and Filtering)

Today’s Topics

Part 1
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Lowpass Filter (One-pole) 

(from Episodes 6 and 7)
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Applying Fourier 
in (Linear) Circuits and Systems

Time-domain View

t

s(t) +

+

+

+ …

=

t

t

t
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+
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+ …

t

t

t

t

=
t

s’(t)
Lowpass Filter
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Frequency Domain View

f

|S(f)|

Lowpass Filter

f

|S’(f)|

𝑓𝑜 2𝑓𝑜 3𝑓𝑜 4𝑓𝑜 𝑓𝑜 2𝑓𝑜 3𝑓𝑜 4𝑓𝑜

NOTE:  
• Magnitude-only plots shown

• Phase is important too, if waveshape matters …
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What do we hear ?

PREPRINT - Accessed 05 June 2024 at

https://www.medrxiv.org/content/10.1101/2023.04.13.23288518v2.full.pdf

https://www.medrxiv.org/content/10.1101/2023.04.13.23288518v2.full.pdf
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Demo Video

https://www.youtube.com/watch?v=VF78yEnNUhw

https://www.youtube.com/watch?v=VF78yEnNUhw
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Real World Signals and Circuits 
(from Episodes 3 and 4)

http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf



J1

29

Signal

SummerJ2

Amplitude

Protection

Limiter

DC block,

&RFI

Filtering

ECEFILES.ORG

Av=6
Audio

Response

Shaping

Odd-

harmonic

Distortion

Generator

Vacuum-tube based

Even-harmonic

Distortion Generator

A/B Channel Switching 

and Gain Controls

To A/B channel

Response shaping

Circuits

A

B

𝑉𝑖 𝑡

t

http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf

?
t

Parsing Schematic into Block Diagram
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Circuit Simulation

http://www.guitarnucleus.net/resources

/schematics/Ampeg-AX70-

Schematic.pdf
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Circuit Analysis/Understanding
(from Episode 4)

• R6, C5, R7 create a frequency-dependent 

voltage divider

• At low-frequency (<< 340 Hz), XC5 >> R6, so 

division is approx R7/(R7+R6) = 0.24

• At high-frequency (>> 1.4 kHz), XC5 << R7, so not 

much voltage division. C5 just couples signal to next 

stage

• Response is 12 dB bass-cut, treble-boost

Need complex math and voltage divider equation for full solution …

TP2

http://www.guitarnucleus.net/resources/

schematics/Ampeg-AX70-Schematic.pdf
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Circuit Design

𝑉𝑖

R C

+

_

4.7K 0.1uF

𝑉𝑜
R1

1.5K

𝑉𝑖 +

_
𝑉𝑜R1

Z 𝑍 = 𝑅||𝑍𝑐 𝒁𝒄 =
𝟏

𝒋𝟐𝝅𝒇𝑪
=

𝟏

𝒋𝝎𝑪
=

𝟏

𝒔𝑪𝑤ℎ𝑒𝑟𝑒

𝑉𝑜

𝑉𝑖
=

𝑅1

𝑅1+𝑍
=

𝑅1

𝑅1+
𝑅

1
𝑠𝐶

𝑅+
1

𝑠𝐶

 =
𝑅1

𝑅1+
𝑅

1+𝑠𝐶𝑅

So …

First:

Then:

Checking:

𝐴𝑠 𝑠 → 0 ∶
𝑉𝑜

𝑉𝑖
=

𝑅1

𝑅1+𝑅
 =

1.5𝐾

1.5𝐾+4.7𝐾
= 0.24

𝐴𝑠 𝑠 → ∞ ∶
𝑉𝑜

𝑉𝑖
=

𝑅1

𝑅1+0
 = 1

𝑉𝑜

𝑉𝑖
=

𝑅1

𝑅1 +
𝑅

1 + 𝑠𝐶𝑅

𝒘𝒉𝒆𝒓𝒆 𝒔 = 𝒋𝝎 = 𝒋𝟐𝝅𝒇
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Putting Transfer Function
into Standard Form

𝑉𝑜

𝑉𝑖
=

𝑅1

𝑅1+
𝑅

1+𝑠𝐶𝑅

=
𝑅1 1+𝑠𝐶𝑅

𝑅1 1+𝑠𝐶𝑅 +𝑅
 =

𝑅1 1+𝑠𝐶𝑅

𝑅1+𝑅+𝑠𝐶𝑅𝑅1
𝑅1+𝑅

𝑅1+𝑅

 =
𝑅1

𝑅1+𝑅

1+𝑠𝐶𝑅

1+𝑠𝐶
𝑅1𝑅

𝑅1+𝑅
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𝑅1

𝑅1+𝑅

1+𝑠/𝜔𝑧

1+𝑠/𝜔𝑝

Where:

𝜔𝑧 =
1

𝑅𝐶

𝜔𝑝 =
1

𝑅||𝑅1 𝐶

Or, in terms of f:

𝑓𝑧 =
1

2𝜋𝑅𝐶
= 339 𝐻𝑧

𝑓𝑝 =
1

2𝜋 𝑅||𝑅1 𝐶
= 1.4 𝑘𝐻𝑧

𝐻 𝑓 =
𝑉𝑜

𝑉𝑖
 = 0.24
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𝑉𝑖 𝑉𝑜
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|𝐻 𝑓 | Evaluation with Excel
(Following Examples in Episodes 6, 7)

𝐻 𝑓 =
𝑉𝑜 𝑓

𝑉𝑖 𝑓
= 0.242

1 + 𝑗
𝑓

339

1 + 𝑗
𝑓

1400

𝑉𝑖 𝑓 𝑉𝑜 𝑓
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10 100 1000 10000 100000
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Amplitudes and dB in Audio
(from Episode 7)

• Sound pressure level (SPL) is measured in Pascals ( 1 𝑃𝑎 = 1
𝑁

𝑚2 )

• In audio, SPL is often expressed in ”dB”

• 10 dB increase in SPL is perceived to be “twice as loud”

https://en.wikipedia.org/wiki/Decibel

https://en.wikipedia.org/wiki/Decibel
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E on 4th String (330/2 Hz)

36
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Effect of Response Shaping On Spectrum

37

“Adding dB:” ☺ 20𝑙𝑜𝑔 𝑉𝑜 𝑓  =  20𝑙𝑜𝑔 𝐻 𝑓  𝑉𝑖 𝑓    

                       = 20𝑙𝑜𝑔 𝐻 𝑓   +  20𝑙𝑜𝑔 𝑉𝑖 𝑓

𝑉𝑜 𝑓  = 𝐻 𝑓  +  𝑉𝑖 𝑓
dBV dBVdB

𝑉𝑜 𝑓 = 𝐻 𝑓 𝑉𝑖 𝑓

𝑉𝑜 𝑓𝑉𝑖 𝑓 0 dB

-12 dB

𝐻 𝑓  

Spectrums



• Analog and Digital Filter Design

• Fourier Transform pairs and properties, including 

radio modulation

• Using the FFT in practice

• Speech production, recognition, and data compression

• Applications beyond circuits and systems …

ECEFILES.ORG

Possible Future Videos?

38
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Filter Design Preview

39
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Simple DSP Demo on Arduino

https://www.youtube.com/watch?v=d-GvSgMQw-E

One-pole IIR Digital Filter

https://www.youtube.com/watch?v=d-GvSgMQw-E


Ways to Learn More 
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Books

Videos and Websites
• This Video’s Playlist / Channel ☺
• Other Videos

• ECEfiles.org

• Other Websites

University Courses

https://www.amazon.com/gp/product

/B07QP9N7XD/

College-level review

https://www.amazon.com/Practical-

Electronics-Inventors-Fourth-Scherz-dp-

1259587541/dp/1259587541/

Circuits/filters for broad audience

https://www.amazon.com/gp/product/B07QP9N7XD/
https://www.amazon.com/gp/product/B07QP9N7XD/
https://www.amazon.com/Practical-Electronics-Inventors-Fourth-Scherz-dp-1259587541/dp/1259587541/
https://www.amazon.com/Practical-Electronics-Inventors-Fourth-Scherz-dp-1259587541/dp/1259587541/
https://www.amazon.com/Practical-Electronics-Inventors-Fourth-Scherz-dp-1259587541/dp/1259587541/


THANKS FOR WATCHING !
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