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1. ARSI

import numpy as np
import matplotlib.pyplot as plt
from scipy.integrate import odeint

# constants

global c1, c2, L, R,G
Cl = 11.061e-9 # F

C2 = 101.0e-9 # F

L = 23.7095e-3 # H
R_start = 1700 #omega
R_end = 2069 #omega
drR = 1

# initial condition

t0 =0

y0 = np.array([0.0,0.0,0.001]) # [ul, u2, I]
t_final = 0.1

t_total = 20000

# I-V curve of the nonlinear negative resistance

def g(u):
Ga = -0.00076 # omegaA(-1) uncertainty: 0.1%*10A(-4)
Gb = -0.000409 # omegaA(-1) uncertainty: 0.06*10A(-4)

E = 15.0 #Vv
g = Gb*U+(Gb-Ga)/2*(abs(U-E)-abs(U+E))
return g

# chua's circuit

def f(y,t):
yl = (G*(y[1]-y[0])-g(y[0]))/C1
y2 = (G*(y[0]-y[11D+y[2])/cC2
y3 = -y[1]/L

return np.array([yl, y2, y3D)

time=np.linspace(t0,t_final,t_total)
R_1ist = [R_start + i*dR for i in range(int((R_end-R_start)/drR))]
for R in R_Tist:

G =1/R

y = odeint(f,y0,time)

# phase plot

plt.plot(y[4000:,0],y[4000:,1] , Tabel = 'R = %f omega'%R )
plt.title('Phase Plot")

plt.xTabel('ul/v")

plt.ylabel('u2/v")

plt.Tegend()

plt.savefig('%f omega.jpg'%R)

plt.c1fQ

print('%f omega Done!'%R)
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import numpy as np

import matplotlib.pyplot as plt
from scipy.integrate import odeint
import pandas as pd

# constants

global c1, c2, L, R,G
Cl = 11.061e-9 # F

C2 = 101.0e-9 # F

L = 23.7095e-3 # H
R_start = 1710 # omega
R_end = 2065 # omega
drR =1

# initial condition

t0 =0

y0 = np.array([0.0,0.0,0.001]) # [ul, U2, I]
t_final = 0.1

t_total = 20000

# I-V curve of the nonlinear negative resistance

def g(u):
Ga = -0.00076 # omegaA(-1) uncertainty: 0.1%*10A(-4)
Gb = -0.000409 # omegaA(-1) uncertainty: 0.06*10A(-4)

E = 15.0 #v
g = Gb*U+(Gb-Ga)/2*(abs(U-E)-abs(U+E))
return g

# chua's circuit

def f(y,t):
yl = (G*(y[1]-y[01)-g(y[0]))/cC1
y2 = (6*(y[0]-y[1DD+y[21)/C2
y3 = -y[1]/L

return np.array([yl, y2, y31)

time=np.linspace(t0,t_final,t_total)
R_1ist = [R_start + i*dR for i in range(int((R_end-R_start)/dr))]
for R in R_Tist:

G =1/R

y = odeint(f,y0, time)

# simulation data plot

plt.plot(time[4000:6000:],y[4000:6000,0],1abel = 'ul') #eliminate unstable
solutions

plt.plot(time[4000:6000:], y[4000:6000,1], label="'u2')

plt.xlabel('t")

plt.ylabel('u")

plt.title('R = %f omega'% round(R, 1))

plt.Tegend()

plt.savefig('%f omega.jpg' % round(R, 1))

plt.c1fO

print('%f omega Done!' % round(R, 1))

# output simulating data
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dataframe = pd.pataFrame({'t': time[4000::].tolist(), 'ul':
y[4000:,0].tolist(), 'U2': y[4000:,1].tolist(})
dataframe.to_csv("%f omega.csv"%round(R,1), index=False, sep=',")

3. FFTo#rE

LIRS TS N AT

import numpy as np
import matplotlib.pyplot as plt
import pandas as pd

# load data

filename = '20000101_022739s.csv'

# '20000101_021718dd.csv' XK 5|F

#'20000101_021921ss.csv' HI5|F

#'20000101_022112tr.csv' =Ji#f

# '20000101_022321zhenfa.csv' Pk

# '20000101_022614f.csv' POJH

#'20000101_022700d.csv' XA HA

#'20000101_022739s.csv'

CH2_raw = pd.read_csv(filename,sep=","',header=9,usecols=[2])

CHl_raw = pd.read_csv(filename,sep=","',header=9,usecols=[1])

arrayl = CHl_raw.values

array2 = CH2_raw.values

CH1 = []

CH2 = []

for i in range(len(arrayl)):
CH1.append(float(arrayl[i,0]))
CH2.append(float(array2[i, 0]))

t = np.arange(len(CH1))

# FFT

CH1_fft = np.fft.rfft(cH1)

powerl = [abs(c) for c in CH1_fft]
CH2_fft = np.fft.rfft(cH2)

power2 = [abs(c) for c in CH2_fft]

# plot the power spectrum

Toc = t.tolist().index(1000)
plt.plot(t[:1oc],powerl[:Tloc])
plt.xlabel('Frequency"')
plt.ylabel('Power")
plt.title('Ul Power Spectrum')
plt.show()

plt.plot(t[:Toc],power2[:1oc])
plt.xlabel('Frequency')
plt.ylabel('Power")
plt.title('U2 Power Spectrum')
plt.show()

RINEIRDITABEEECUHEUER S HE —L £, Tz, ERES LEOTLREERRE—
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CH2_raw
CH1_raw

4, LZEINES

import numpy as np

import matplotlib.pyplot as plt
from scipy.integrate import odeint
import pandas as pd

pd.read_csv(filename,sep=", ', header=1,usecols=[2])
, ' ,header=1,usecols=[1])

pd.read_csv(filename,sep=

# constants

global c1, c2, L, R,G
Cl = 11.061e-9 # F

C2 = 101.0e-9 # F

L = 23.7095e-3 # H
R_start = 1980 #omega
R_end = 2066 #omega
drR = 0.01

# initial condition

t0 = 0

y0 = np.array([0.0,0.0,0.001]) # [ul, u2, I]
t_final = 0.1

t_total = 20000

# I-V curve of the nonlinear negative resistance

def g(u):
Ga = -0.00076 # omegaA(-1) uncertainty: 0.1%*10A(-4)
Gb = -0.000409 # omegaA(-1) uncertainty: 0.06*10A(-4)

E = 15.0 #Vv
g = Gb*U+(Gb-Ga)/2*(abs(U-E)-abs(U+E))
return g

# chua's circuit

def f(y,t):
yl = (G*(y[1]-y[0])-g(y[0]))/cC1
y2 = (G*(y[0]-y[11D+y[2])/C2
y3 = -y[1]l/L

return np.array([yl, y2, y3D)

# find Tocal minimum function
def mini(data):

'"""ipput the data Tlist'''

length = Ten(data)

ans = []

for i in range(2,length-2):

if data[i]<data[i-1] and data[i]<data[i-2] and data[i]<data[i+1] and
data[i]<data[i+2]:
ans.append(data[i])
return ans

time=np.linspace(t0,t_final,t_total)
R_1ist = [R_start + i*dR for i in range(int((R_end-R_start)/dr))]

R1Tist
R2Tist

[1 # for bifurcation diagram

(]
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Ulmin
u2min

[1 # also for bifurcation diagram

(]

for R in R_T1ist:
G =1/R
y = odeint(f,y0, time)

# find the local minimum

yllist= y[4000:,0].tolist()

Ulmin += mini(yllist)

R11ist += [R+i-1 for i in range(Ten(mini(yllist)))]
y21list = y[4000:, 1].tolist(Q

u2min += mini(y21list)

R2Tist += [R + i - 1 for i in range(len(mini(y21ist)))]
print('R = %f omega'%round(R,3))

# plot the bifurcation diagram
plt.scatter(R1llist,Ulmin,s=0.1,alpha = 1)
plt.xlabel('R/omega')

plt.ylabel('ulmin')

plt.title('Bifurcation Diagram for Ulmin')
plt.savefig('ulmin')

plt.c1fQ)

plt.scatter(R21list,u2min,s=0.1,alpha = 1)
plt.xlabel('R/omega’')

plt.ylabel('u2min')

plt.title('Bifurcation Diagram for uU2min')
plt.savefig('u2min')

plt.c1fO)

# save data

dataframel = pd.patafFrame({'R': R1Tist, 'Ulmin': Ulmin})
dataframel.to_csv("Ulmin.csv'", index=False, sep=',")
dataframe2 = pd.pataFrame({'R': R2Tist, 'Ulmin': U2min})
dataframe2.to_csv("U2min.csv", index=False, sep=',")
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