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Week 5 - #2 

Gravitation (I)

Ji-hoon Kim (Seoul National University)

Today:  Ch 5.1-5.3 Next Class:  Ch 5.3-5.4



HW #2 will be posted!



Classical Mechanics I (Spring 2026): Quiz #9 

— [ 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. Thornton & Marion, Problem 5-3 (use your cellphone as a calculator if needed).

2. We know that you won’t feel any gravity in a falling elevator.  In commercial zero-G flights, 
however, passengers feel no gravity even when the plane is nose-up.  Explain. 

Infinite Challenge - Making Film, 
Space-Affairs.com

www.esa.int



“Parabolic” Zero-G Flight

IB Times UK

NASA



HW #2 will be posted!
(To be posted on jihoonkim.org,  Due: Apr. 13 (Mon), 23:00pm, 

Grader TA this time:  서선기, supercap@snu.ac.kr)

www.jihoonkim.org



Linearity vs. Chaos vs. Randomness:
Lorenz System

www.jihoonkim.org



www.metabluedb.com/lorentz-attractor.html

● Linearity vs. Chaos vs. Randomness

Lorenz System, Lorenz Attractor

Lorenz (1963)

Wikipedia commons



www.metabluedb.com/lorentz-attractor.html

Lorenz System, Lorenz Attractor

Wikipedia commons

● Linearity vs. Chaos vs. Randomness



www.metabluedb.com/lorentz-attractor.html

Lorenz System, Lorenz Attractor

Wikipedia commons

● Linearity vs. Chaos vs. Randomness



www.jihoonkim.org

Nonlinear Plane Pendulum:
Phase Diagram & Poincaré Section



● Damped, driven oscillator (chaotic behavior, filling phase space)

Pendulum:  Numerical Simulation

 fast forward!

Thornton & Marion 
Fig. 4-19



● Damped, driven oscillator

Pendulum:  Numerical Simulation

credit: 
우수한(24)



● Damped, driven oscillator

Pendulum:  Numerical Simulation



Logistic Map

www.jihoonkim.org



Taylor Fig 12.37, 39

● 1 < α < 3:  One-cycle,   3 < α < 1+√6:  Two-cycle 

Logistic Map:  One- and Two-cycle



x

scratch.mit.edu/
projects/18225394

Logistic Map:  Cobweb Diagram

● 3 < α < 1+√6:  Two-cycle 

α = 3.2

2 attractors →



x

scratch.mit.edu/
projects/18225394

Logistic Map:  Cobweb Diagram

● 1+√6 < α :  Four-cycle and more

α = 3.45

4 attractors →



x

scratch.mit.edu/projects/18225394

Logistic Map:  Bifurcation Diagram

● 2.8 < α < 4



Arovas (2009)

Logistic Map:  Long-term Behavior

● 2.4 < α < 4

α = 2.8 α = 3.4

α = 3.8α = 3.5



demonstrations.wolfram.com/
BifurcationsOfTheLogisticMap/

Logistic Map:  Long-term Behavior

● 2.4 < α < 4



Arovas, Lecture Note

Logistic Map:  Bifurcation Diagram



“self-similarity” or “fractal”

(the whole is similar to or 
the same as a part of itself)

Arovas, Lecture Note



Sierpinski triangle

Self-similarity and Fractal

Mandelbrot set, Wikipedia commons

Koch snowflake, Wikipedia commons

Maldelbrot set, Wikipedia commons



Self-similarity and Fractal

sience4all.org

Koch snowflake, Wikipedia commons Mandelbrot (1967)



Quantifying Chaos

www.jihoonkim.org



Quantifying Chaos:  Exponential Growth

Thornton & Marion Fig 4-24

● α = 2.5 in
Thornton & Marion, Eq.(4.48)

www.jihoonkim.org



Lyapunov Exponent

● 3.5 < α < 4

www.jihoonkim.org

Arovas, Lecture Note


