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Background

e Discovered in 1963 by Ed Lorenz

o Simple model of convection In
atmosphere

e First showing of strange attractor and
chaos

- No fixed points
- No periodic orbits
- Solutions do not = Infinity with time



Derivation

a, = wb, —Ka,
NO! But... b, = ~ob, ~Ko+,
@ = (—vw+ mgRa,) /|

e Conservation of Mass
 Torgque Balance
 Amplitude Equations

K = Leakage Rate

g, = Inflow Rate

v = Rotational Damping Rate
g = Gravity (Variable)

R = Radius of Wheel

| = Moment of Intertia
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Angular Velocity vs. Time for Chaotic Waterwheel




The Lorenz Equations

Just a change of variables away!

o = Prandtl Number
r = Rayleigh Number
b = No Name




Using ODE45: Trajectories of the Lorenz Equations witha =10, r=28 andb=25

* Yalues After T = 20 seconds
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Using ODE23: Trajectories of the Lorenz Equations witha =10, r=28 andb=25

-




Comparison of Solvers: Average X Location vs. Time

r- = ODE45, b- = ODE23, g- = ODE1

r— = ODE45, b—- = 0DE23, g-
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Comparison of Solvers: Average Distance from Origin vs. Time

r- = ODE45, b- = ODE23, g- = ODE1
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Lyapunov Calculations Lyapunov Calculations

o=10,r=10,andb=25 ¢=10,r=60,andb=25
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limit cycle
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| origin stable fixed points C*, C” |

transient chaos strange attractor




Trajectories of the Lorenz Equations witha =10, r=05,andb=25

Trajectonies of the Lorenz Equations withg =10, r=10, andb =25

Trajectories of the Lorenz Equations withg =10, r =20, andb = 2.5 Trajectories of the Lorenz Equations withg =10, r=40, andb =25




Trajectories of the Lorenz Equations withg =10r=28and b =25

Trajectories of the Lorenz Equations witha=10r=28andb=2.5
*  Walues After T = 1 seconds
*  |Initial Values




Trajectories of the Lorenz Equations withg =10, r=28 and b =25 Trajectories of the Lorenz Equations withg=10,r=28, andb =25

*  Values After T = 20 seconds *  Values After T = 30 seconds
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B Values After T = 10 seconds with z= 5




