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Report task list for the lecture ‘Turbu-
lent Induced Transport AY2021°
Due date : Jan. 29 (Sat.)
Send file to ejiri@k.u-tokyo.ac.jp
Note: Style: background, objective, method, results, dis-
cussion, conclusion. pdf file or word file. Code is not
necessary.

Select one from the following list.

e Diffusion and Random walk

Simulate the following two 2-dimensional random
walk.

(1) Show and discuss the diffusion of particles start-
ing from the origin.

(2) Assume several chracters (e.g. monsters, peo-
ple, heroes), and simulate their random walk. You
should make some rules or walking patterns, such
as predation, subjugation, repulsion, escape in one
direction. You may also set boundary conditions,
such as periodic (connected) space, wall, obstacles,

source.

e Langevin Eq.
To represent the irregular fluctuations of a stock

price the following Lagevin Eq. can be used

d

iv =—Cu+ f(t), v= T

dt

When ( is negative, the system is unstable and v
can diverge. Investigate the behaviour of v and =
by a numerical calculation.

See the effects on v and x when you change the value
of (¢) > 0, and the range of fluctuating (.

(¢ is a slowly varying random variable with positive
mean value, while f(t) is a random force fluctuating

at each time step with zero mean value.

e Shell model (GOY model)
Perform a shell model simulation, and show the
energy spectrum after a sufficient time, where the
spectrum becomes stationary. Check the shape of

the spectrum.
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Here the coefficients are defined as follows.
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u; represents the complex velocity at ¢-th scale, and
the energy is given by 3~ |u;|?. The energy spectrum
is E(k) = |u|?/ki.

Note: the following shows the recommended param-
eters.

N~14, kg=2"% v~107°

At <1073, time step number > 10°

Here, At represents the time step, The recom-
mended initial conditions and boundary conditions
are as follows. |u;| ~ 1. To obtain a stationary
state, we need to inject energy. Thus, one idea is to

set a certain u; = const. for i-th scale.

Duffing Eq.
Solve the equation and investigate the behaviour.
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Set ¢ ~ 0.05, wg ~ 1. Q ~ 6. h ~ 20, and show the

variation of orbits in X —V-space when you increase
g (see Chap.8 Page 16).
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Stochastic resonance)
Solve the following equation and investigate the

stochastic resonance.
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V(z) = —% + % — zhcos
Here, u = % is the velocity, f(t) is the random

force, V(z) is the potential.

Parametric instability
Show and investigate the parametric instability. See

Chap10, Page 9 for the numerical simulation.

Original task

Make an original task on turbulence or turbulent
flow or fluctuations or fluid flow, and perform the
task. You should describe the background.



