Week 5 - #2

Gravitation (1)

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

Ji-hoon Kim (Seoul National University)

This material is for the educational purpose only, and is not for public consumption or mass distribution without the author’s explicit consent.
Despite his best efforts, the author apologizes for any inaccurate or outdated information and references.
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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 1s nose-up. Explain.
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HW #2 will be posted!

(To be posted on jihoonkim.org, Due:Apr. | 3 (Mon), 23:00pm,
Grader TA this time: A417|, supercap@snu.ac.kr)
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Linearity vs. Chaos vs. Randomness:
Lorenz System
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Lorenz System, Lorenz Attractor

® Linearity vs. Chaos vs. Randomness

Lorenz (1963)

dx

o= a(y — x)

% =xb—2)—y
dz

— =Y — C2

dt J

Wikipedia commons

www.metabluedb.com/lorentz-attractor.html



Lorenz System, Lorenz Attractor

® Linearity vs. Chaos vs. Randomness

Wikipedia commons www.metabluedb.com/lorentz-attractor.html



Lorenz System, Lorenz Attractor

® Linearity vs. Chaos vs. Randomness
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Nonlinear Plane Pendulum:
Phase Diagram & Poincare Section

www.jihoonkim.org



Pendulum: Numerical Simulation

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

.. faSt forward!
Transient: 1.0 sec
Total Time: 5000.0 sec-3.142

2276.000 <=Time versus theta fomega=  2301.0C [Graph?2]
<Real-world simulation=

EXIT RUN EDIT HELP

[Simulation for sin(x1)]
DE: dwidt=-1.0"sinx -0.2%w -2 4*cos(2.0™)[siny] [Graph1]
3.142

Blue : theta
Yellow : omega

Yellow : dwidt=0
Blue : dwidt=0

[Universal Parametet]
Using RK 4 method
Timestep: 0.15708

STOP! |

[D.E. Parameter] [Graph3] [Graph4]
Return force: 1.0 4.000 '—‘ 4.000 =
Damping q: 0.2 ) =
Driving force: 1.2 ;R-' : o N '3
Driving freq.: 2.0 d @,-j,_ S S 1
Initial theta: 1.0 ' 3L .

” . W@:’\.@Eﬁw 3
Initial omega: 1.0 P 3

9 = “«@J? = ,.im\?
S - Sy |
Reset every 25.0 sec = LR Thornton & Marion
il "“"*"‘%*%— T

= - T T S5 = Fig. 4-19
Color cyan after 51.0 sec PSR L e,

Draw every 20 steps _4 gog ‘ : -4.000

-3.142 3.142 -3.142 3.142
<Phase diagram fAttracting Area= <Poincare section=




Pendulum: Numerical Simulation

® Damped, driven oscillator

o 4 Damped Oscillation Simulator

Simulate a damped oscillator with
mx“=-kx-bx"+F,cos(wt)+F; sin(wt) - d sin(e x)

Parameters
x(t) Phase diagram
1.0 . 1.015 A 0.015
0.2
1.010 A 0.010 -
0.3 w
0 e 4 1.005 - 0.005 A
1.0 Vo
x 1.000 A & 0.000 4
0.005 trace stride
0.995 - —0.005 A
Time controls
time scale 50.0 0.990 1 =0.010 1
ACtionS 0l985 L T T T T _0.015 L T T T T T T T
-0.01 0.00 0.01 0.02 0.985 0.990 0.995 1.000 1.005 1.010 1.015
Apply + Reset Start Single step t [N X
Slower +2 Faster x2 Clear plots [ keep state . £ . . .
w SIErX Plots/lkesh Poincaré section Real-world motion view
) 0.015 A
Skip ahead t = 0.000
x=1
T +100T 0.010 1 x=0
seconds . Skip seconds 0.005 4
periods Skip periods
*x  0.000 A
Status
. . —0.005 A .
simulation time t=0
current state: x=1,x=0
time scale = 50 x real time -0.010 A
drive period T = 6.28319
Poincaré points = 0
stored trace points = 1 -0.015 A
SO AL N B0 0.985 0.990 0.995 1.000 1.005 1.010 1.015 -2 -1 0 1 2
X position

credit;
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Pendulum: Numerical Simulation

® Damped, driven oscillator

Nonlinear Damped Driven Pendulum Simulation

Time vs Position Phase Diagram Poincare Section

Pendulum

Omega (rad/s)

~e

3340 3360 3380 3400 3420 0

0
Time (t) Theta (rad) Theta (rad)

Damping (y) N 0 Drive Freq (wq) [ 0.667

Drive Amp (A) I 1. 15iat Freq (wo) I 1.0
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Logistic Map
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Logistic Map: One- and Two-cycle

e | <a<3: One—cycle, 3<a< | +V/6: Two-cycle

Taylor Fig 12.37, 39



Logistic Map: Cobweb Diagram

e 3 <a < |+V6: Two-cycle

~ Create Ideas About Join Scratch Sign in

25 . . .
@' Interactive Logistic Map ¢ See inside
NG by -Jie-
~ . % Instructions
ol [ 32 ] After you see the first example, choose
a= 32 - J o a new value of r and see what it does.
; Choose a new value You can also choose to draw the full
2 attractors — | . for r and click here map (turbo mode recommended
for another go (SHIFT+green flag) ). For the final

result, the program starts with a

Or, click here for

the full graph (turbo
mode recommended) i you don't know about the logistic map,
check out

http://en.wikipedia.org/wiki/Logistic_map
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Logistic Map: Cobweb Diagram

o [+V6<a: Four-cycle and more

- Create Ideas About Join Scratch Sign in

(Y . . . "
@, Interactive Logistic Map (3 See inside
N by -Jie-
~ . % Instructions
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for another go (SHIFT+green flag) ). For the final
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Or, click here for
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Logistic Map: Bifurcation Diagram

e 28<a<4

Interactive Logistic Map
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Logistic Map: Long-term Behavior

e24<a<4
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Logistic Map: Long-term Behavior

©24<a<4

@ Bifurcations of the Logistic Map

Wolfram Demonstrations Project demonstrations wolfram.com »

Bifurcations of the Logistic Map

parameter r 2.4

initial condition xq 0.777

Xn

081

06L

0.2

0.0 1 1 | 1 1 | 1 1 1 1 J n
0 500 1000 1500 2000

The sequence x,.; = rx,(1 — x,) exhibits complicated behavior for certain values of the
parameter r. When r < 3, the sequence converges to a fixed point, but around r = 3 this

fivad nnint hifiircatac intn an attractina twn-rurla Ac » incraacoc fiirthar tha attractnare

100% »

demonstrations.wolfram.com/
BifurcationsOfThelLogisticMap/



Logistic Map: Bifurcation Diagram
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Arovas, Lecture Note




Self-similarity and Fractal

Mandelbrot set, Wikipedia commons Maldelbrot set,Wikipedia commons

Koch snowflake, Wikipedia commons Sierpinski triangle



Self-similarity and Fractal

Benoit Mandelbrot

How Long is
the Coast of Britain

Statistical Self-Similarity and Fractional Dimension

a cura di Giuseppe Gembillo

sience4all.org

Armando Siciliano Editore

Koch snowflake, Wikipedia commons Mandelbrot (1967)



Quantifying Chaos

www.jihoonkim.org



Quantifying Chaos: Exponential Growth

® Cl — 2.5 in Xn+1 = axn(l o an)

Thornton & Marion, Eq.(4.48)

e
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0.2 — (.700000000
--- .I 0.700000001 |

0 10 20 30 40 50

Thornton & Marion Fig 4-24
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Lyapunov Exponent
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Arovas, Lecture Note
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