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Abstract
A Merit of digital museums is the possibility of dynamic visualization that was impossible with real museums.
Basic method is to visualize differential equations as the locus of solutions in themultidimensional vector space
and the method has been realized through Python programming, using Rayleigh equation and Stick−Slip Os-
cillation as examples. This method models the interesting phenomenon of self−excited vibration, which can be
said to be a simple example of self−organization model in nonlinear phenomena. Through Python program-
ming, Rayleigh equation showed the interesting phenomena of self−excited vibration, based on the Lienard
equation, which is simple andmore abstract form than the Van der Pol equation previously considered. In addi-
tion, Van der Pol equation can be derived as a differential form of the Rayleigh equation, which proves the us-
ability of Lienard equation. Then the Lienard equation can be widely applicable to interdisciplinary fields in-
cluding the humanities and social sciences.

Keywords nonlinearsimulation,self−excitedoscillation,self−organization,Rayleighequation,Lienardequa-
tion, Stick−Slip Oscillation, Python
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def f(y):

# Rayleigh
return mu * (y * y * y /3 − y) #(7)

def lienard_osc(n):
#
x = u[0]
y = v[0]
s = 0.0
dx =0.0
dy =0.0
ds =0.01
i = 1
while i < n :
#
dx = y * ds #(5)

dy = − (f(y) + x) * ds #(6)

x = x + dx
y = y + dy
u.append(x)
v.append(y)
w.append(s)
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s = s + ds
i = i + 1

# main
mu = 1 #

u = [0.01]
v = [0.0]
w = [0.0]
n = 10000
lienard_osc(n)
# graphic
from matplotlib import pyplot
X = u
Y = v
pyplot.scatter(X,Y, c=’b’, s=1, label=’Rayleigh_Oscillation’)
pyplot.title(”Rayleigh_Oscillation”)
pyplot.show()
−−−−−−−−Python −−−−−−−
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# Stick Slip Oscillation

# f(y)

def f(y):
#
vs = vf − y #
if vs > 0: #(14)

return c0 + (c1 * vs) + (c2 / (vs + c3))
elif vs == 0: #(15)

return 0
else: #(16)

return − (c1 * vs) − c0 − (c2 / (vs + c3))

def lienard_osc(n):
#
x = u[0]
y = v[0]
s = 0.0
dx =0.0
dy =0.0
ds =0.001
i = 0
while i < n :

#
dx = y * ds #(12)

dy = −(f(y) + x) * ds #(13)

x = x + dx
y = y + dy
u.append(x)
v.append(y)
w.append(s)
s = s + ds
i = i + 1

# main
c0 = 0.1 #
c1 = 0.2 #
c2 = 0.1 #
c3 = 0.1 #
vf = 0.1
u = [0.0]
v = [0.0]
w = [0.0]
n = 100000
lienard_osc(n)
# graphic
from matplotlib import pyplot
X = w
Y = v
pyplot.scatter(X,Y, c=’b’, s=1, label=’Stick−slip_Oscilla-
tion’)
pyplot.title(”Stick−slip_Oscillation”)
pyplot.show()
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