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Week 9 - #1 

Fourier Series and Transforms (I)

Today:  Ch 7 Next Class:  Ch 7

Ji-hoon Kim (Seoul National University)

youtube.com/watch?v=r6sGWTCMz2kgeogebra.org



Rudimentary Mathematical Methods of Physics (Fall 2025): Quiz #12
— [ open book and open note, but no cellphone or laptop, drop it off as you leave the class ] —

Please write down your name and student ID in the top right corner.  (0.0 pt: no paper found with 
your name / 0.5 pt: paper found with your name and some answers / 1.0 pt: good answers) 

1. Boas, Chapter 7, Section 3, Problem 5 (see p.345/373 for definitions of fundamentals & overtones)

2. Boas, Chapter 7, Section 4, Problem 2 (which allows us to trivially prove Eq.(4.8) in p.349)

LIGO

Abbott et al. (2016a)



Rudimentary Mathematical Methods of Physics (Fall 2025):    
Suggested Problems in Chapter 7, Boas, 3rd ed.

The problems I suggest you to take a deeper look into include, but are not limited to, the following.  
The class homework assignments will mainly be from this list. 

- Section 02:  Problems 12, 17

- Section 03:  Problems 8

- Section 04:  Problems 1, 13, 16

- Section 05:  Problems 1, 3, 4, 7, 9, 11

- Section 06:  Problems 10, 12 (for Problem 5.7 and 5.9), 14, 15

- Section 07:  Problems 7, 9, 11, 13

- Section 08:  Problems 2, 14, 15(a)(b), 20

- Section 09:  Problems 9, 10, 11, 19, 20, 23

- Section 10:  Problems 2 

- Section 11:  Problems 6, 8

- Section 12:  Problems 6, 9, 10, 15, 18, 21, 23, 26, 31, 35

- Section 13:  Problems 4, 8, 14, 23

48 problems / 218 total



Fourier Series

www.jihoonkim.org



Fourier Series

www.jihoonkim.org

youtube.com/watch?v=spUNpyF58BY

● A visualization of Fourier series.



Applications of Fourier Analysis

● Whenever there are wave patterns.

Sound equalizer,  Wikipedia commons

LIGO

Electroencephalography (EEG), abcnews.go.com

Active noise cancelling,  Wikipedia commons



Sine-Cosine Fourier Series

www.jihoonkim.org



Fourier Cosine Series

www.jihoonkim.org

youtube.com/watch?v=r6sGWTCMz2k

● A visualization of Fourier cosine series.



Fourier Sine Series

www.falstad.com/fourier/index.html



Sine-Cosine Fourier Series

www.jihoonkim.org

● A visualization of sine-cosine Fourier series (Ch 7.5, Prob 5.7).



www.jihoonkim.org

Sine-Cosine Fourier Series

● A visualization of sine-cosine Fourier series (Ch 7.5, Prob 5.7).



Gibbs Phenomenon

www.jihoonkim.org



Fourier Sine Series

www.jihoonkim.org

● A visualization of Fourier sine series (Ch 7.6, Figure 6.2).

“overshoot”



www.jihoonkim.org

Sine-Cosine Fourier Series

● A visualization of sine-cosine Fourier series (Ch 7.5, Prob 5.7).

“overshoot”

“overshoot”



Complex Fourier Series

www.jihoonkim.org



Complex Fourier Series

www.jihoonkim.org

youtube.com/watch?v=r6sGWTCMz2k

● A visualization of complex Fourier series.



Complex Fourier Series

www.jihoonkim.org

youtube.com/watch?v=r6sGWTCMz2k

● A visualization of complex Fourier series.



Term Project Paper

www.jihoonkim.org



Grading Scheme

www.jihoonkim.org

● 6 HW assignments  - Scheduled in 3, 5, 7, 10, 12, 14th week

           - Due in <1 weeks on eTL or in the classroom

           - Only handwritten answers accepted (except numerical problems)

● Term project paper  - Due near the end of the semester

            - To be discussed in detail later

● Grade policy in the course syllabus.



Essential Skillsets For
Future Physicists & Astrophysicists

www.jihoonkim.org

(on top of the strong physics/math background you will build)



● To become proficient and effective researchers while relying 
less on guesswork as you navigate through the academia

Solid 
Research

Competent Researcher

Physical IntuitionOral Communication 
Skills

Understanding in 
Computing Technology

Written Communication 
Skills

Essential Skillsets For (Astro)Physicists

www.jihoonkim.org



Solid 
Research

Competent Researcher

Physical Intuition

Oral Communication Skills

Understanding in 
Computing Technology

Written Communication Skills

● How to write papers and proceedings

● How to write referee reports

● How to respond to referee reports

● How to present long and short talks

● How to answer questions

● How to make an elevator pitch

Essential Skillsets For (Astro)Physicists

www.jihoonkim.org



My Examples This Semester

www.jihoonkim.org



Gravitational Lens As A Telescope

● Galaxy clusters act as nature-made cosmic telescopes allowing 
us to observe the young Universe (~10 to 103 times magnified).

www.jihoonkim.org

LSST/New York Times

Marshall



Fun with Stacking Blocks

● See: Problem 16.1 + “Fun with Stacking Blocks” (Hall, 2005), etc.
   

Hall (2005)bit-player.org

N=13



Rudimentary Mathematical Methods of Physics (Fall 2025): Quiz #2
— [ open book and open note, “and” cellphone or laptop, drop it off as you leave the class ] —

Please write down your name and student ID in the top right corner.  (0.0 pt: no paper found with 
your name / 0.5 pt: paper found with your name and some answers / 1.0 pt: good answers) 

1. Define “complex plane” from your textbook; then,  Boas, Chapter 2, Section 5, Problem 59

2. Briefly explain the so-called Mandelbrot set demonstrated in the following movie — in particular, 
how this one of the most famous images in the fractal/chaos theory is plotted on a “complex plane”.  

youtube.com/watch?v=G_GBwuYuOOs, 
Mandelbrot set on complex plane

Mandelbrot Set



Rudimentary Mathematical Methods of Physics (Fall 2025): Quiz #6
— [ open book and open note, “and” cellphone or laptop, drop it off as you leave the class ] —

Please write down your name and student ID in the top right corner.  (0.0 pt: no paper found with 
your name / 0.5 pt: paper found with your name and some answers / 1.0 pt: good answers) 

1. Boas, Chapter 3, Section 11, Problem 22

2. Study and briefly explain how matrix operations are used in 3-dimensional rendering in various 
fields such as game design, immersive visualization, augmented reality, and others.

www.techspot.com/article/1857-how-to-3d-rendering-vertex-processing



Rudimentary Mathematical Methods of Physics (Fall 2025): Quiz #11
— [ open book and open note, “and” cellphone or laptop, drop it off as you leave the class ] —

Please write down your name and student ID in the top right corner.  (0.0 pt: no paper found with 
your name / 0.5 pt: paper found with your name and some answers / 1.0 pt: good answers) 

1. Explain in layman’s terms — as if you do to your friend in the College of Humanities — what a 
tensor is.  Study and briefly explain how the “tensors” are used in machine learning.  For example, 
the popular open source deep neural network platform by Google is called TensorFlow.

2. Boas, Chapter 10, Section 5, Problem 11

tensorflow.org
stress tensor, youtube.com/

watch?v=kGXr1SF3WmA



Rudimentary Mathematical Methods of Physics (Fall 2025): Quiz #9
— [ open book and open note, “and” cellphone or laptop, drop it off as you leave the class ] —

Please write down your name and student ID in the top right corner.  (0.0 pt: no paper found with 
your name / 0.5 pt: paper found with your name and some answers / 1.0 pt: good answers) 

1. Boas, Chapter 5, Section 3, Problem 24

2. Explain in layman’s terms what the figure/movie below are trying to visualize — by using the 
term “gradient”.  On a related note, study and explain briefly how the concept of “gradient” is used 
in machine learning and artificial intelligence. 

gradient descent, Wikipedia commonsAmini et al. (2018)



Project Ideas

www.jihoonkim.org



www.jihoonkim.org

Teyssier/RAMSESMoody/ART-I Kim/ENZO

GMT Illustris Collaboration

Merging BHs/SXS Crab Nebula/HST

Term Project Paper

Mandelbrot set

pixabay.com Nat.Geo

MPA

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

Sound equalizer,  Wikipedia commons

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 

intelligenttradingtech.blogspot.com



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

Planck (2013)

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional
AFP/Getty Images

theatlantic.com

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

Wikipedia commons

Brittanica

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

Spherical shell in momentum space (Parker, 2016), phyiscsworld.com, medium.com

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

Structure Formation, MPA

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

Springel

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

deepmind.com

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



Term Project Paper

www.jihoonkim.org

Grading guideline

● 0: no paper found with your name on it

● 1: paper found with your name on it

● 2: some scribbles

● 3: reasonable problem & solution

● 4: unique, interesting problem & solution

● 5: reserved for those exceptional

● Report about mathematical physics ideas or methodology being 
used in contemporary physics research or in daily applications. 

● Due:  Beginning of the class on Dec. 1st
             (10 page-limit including cover/reference;  typewritten report okay) 



www.jihoonkim.org

● Post your topic by 23:00 pm, Nov. 8 (Sat) on a shared Google 
document below (expect late penalty of -0.5 pt/day):
    https://docs.google.com/spreadsheets/d/1l7yyzo6Zp6dlSAU5C7gyoNI03kjj8IM90b2MlmP86yE

Term Project Paper

https://docs.google.com/spreadsheets/d/1l7yyzo6Zp6dlSAU5C7gyoNI03kjj8IM90b2MlmP86yE


Quantity Doesn’t Guarantee Quality!

www.jihoonkim.org



Electronic Resources via SNU Library

● To access e.g., academic journals off-campus via SNU library’s 
proxy service, visit library.snu.ac.kr/using/proxy. 

http://library.snu.ac.kr/using/proxy


Resources via SNU Liberal Education

● To access e.g., academic journals off-campus via SNU library’s 
proxy service, visit library.snu.ac.kr/using/proxy. 

http://library.snu.ac.kr/using/proxy


Student Honor Code

www.science.org



www.science.org


