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import numpy as np

from scipy.integrate import quad, odeint
import matplotlib.pyplot as plt

import warnings

warnings.filterwarnings( )

# Integer case switch for different problems to solve (feel free to add)
gquad, radiodec, simhm, dfshm, vdpol, duff, lorentz =0, 1, 0, 0, 0, 0, O;

if(gquad):
#

print ( )
£

R R

# function definition
def f(x, a) :
return a*x**2

# main

a=1;

print ( , quad(f,0,2, args=(a,)) )
# Note the comma for single variable

if(radiodec):

7
s

R

print (
)#

# function definition
def f(x,t,lam):
dxdt = -lam*x
return dxdt
# Alternatively, def f(x,t,lam): return -lam*x

# main
x0, lam = 100, 0.5 # initial number of particles and decay constant
to, tf =0, 10 # initial and final time

t = np.linspace(t0,tf,100) # create time interval with 100 points

sol = odeint(f, x0, t, args=(lam,))

# plot

plt.figure(1)

plt.semilogy(t, sol, , label= , Ww=l, ms=4)

plt.semilogy(t, xO0*np.exp(-lam*t), , label= , lw=.5, ms=2)
plt.legend(loc= , prop={ :12}) # try plt.legend()

plt.text(0, sol[len(sol)-1]1*2, +str(np.log(2)/lam)+ , fontsize=12)
#plt.axis([0, 10, 0, 100])

plt.grid()

plt.title( +str(lam)+ , fontsize=12)
plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 14)

plt.ylabel( , fontsize = 12); plt.yticks(fontsize = 14)
#plt.savefig('plot/01 radiodecay.pdf')

plt.show()

if(simhm):
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# #
print ( V#
-ff 4

# function definition
def shm(u,t,k):
X, y =ul0], ull];
dxdt, dydt =y, -k*x
return np.array([dxdt, dydt])

# main
uo = [1, 0] # initial displacement and velocity
k =1.0 # Restoring force parameter

t0, tf =0, 50 # initial and final time
t = np.linspace(t0,tf,1000)

sol = odeint(shm, u@, t, args=(k,))
x1l = sol[:,0]; yl = sol[:,1]

# plot
plt.figure(2)
plt.subplot(2,1,1)

plt.plot(t, x1, , label= , lw=1l, ms=2)

plt.plot(t, y1, , label= , lw=l, ms=3)

plt.legend(loc= , prop={ :12})

#plt.axis([0, 50, -1, 1])

plt.grid()

plt.axhline(lw=2, color= ) # draw a horizontal line
plt.title( + +str(k), fontsize = 12);
plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 12)
plt.ylabel( , fontsize = 12); plt.yticks(fontsize = 12)
plt.subplot(2,1,2)

plt.plot(xl, yl, , label= , lw=2, ms=2)
plt.plot(x1[0], yl[0O], , label= , lw=2, ms=12)
plt.legend(loc= , prop={ :12})

plt.grid()

# draw a horizontal line
# draw a vertical line

plt.axhline(lw=.5, color= )

)
12); plt.xticks(fontsize
12);

plt.axvline(lw=.5, color=

plt.xlabel( , fontsize = = 12)
plt.ylabel( , fontsize = ; plt.yticks(fontsize = 12)
plt.show()
if(dfshm):
#
print (
) #
print (
V#
#

# function definition
def dshm(u,t,k,lam):
x =ul[0]; y = ull];
dxdt =y
dydt = -k*x - lam*y
return np.array([dxdt, dydt])

def fshm(u,t,k,lam,omega):
x =ul[0]; y = ull];
dxdt =y
dydt = -k*x - lam*y - a*np.cos(omega*t)
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return np.array([dxdt, dydt])

# main
uo = [1, 0] # initial displacement and velocity
k, lam = 0.5, 0.2 # Parameters for Damped Oscillation
a, omega = 0.1, 1.0 # Parameters for Forced Oscillation
to, tf =0, 50 # initial and final time

e(

t = np.linspace(t0,tf,1000) # create time interval with 100 points
sol = odeint(dshm, u@, t, args=(k,lam)) # Damped

x1 = sol[:,0]; yl = sol[:,1]

sol = odeint(fshm, u0, t, args=(k,lam,omega)) # Forced

x2 = sol[:,0]; y2 = sol[:,1]

# plot

# Damped
plt.figure(3)
plt.subplot(2,2,1)

plt.plot(t, x1, , label= , Ww=2, ms=3)

plt.plot(t, y1, , label= , lw=2, ms=3)

plt.title( +str(lam)+ +str(k)+'$'+ +str(a)+
+str(omega)+ , fontsize=12)

plt.legend(loc= , prop={ :123)

plt.grid()

plt.axhline(lw=2, color= ) # draw a horizontal line

#plt.axis([0, 50, -1, 1])

plt.ylabel( , fontsize = 12);

plt.yticks(fontsize = 12)

plt.subplot(2,2,2)

plt.plot(x1, y1, , label= , Ww=2, ms=2)
plt.plot(x1[0], yl[0], , label= , lw=2, ms=12)
plt.legend(loc= , prop={ :10})

plt.grid()

plt.axhline(lw=.5, color= ) # draw a horizontal line
plt.axvline(lw=.5, color= ) # draw a vertical line
plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 12)
plt.ylabel( , fontsize = 12); plt.yticks(fontsize = 12)

# Forced

plt.subplot(2,2,3)

plt.plot(t, x2, , label= , Ww=2, ms=3)
plt.plot(t, y2, , label= , lw=2, ms=3)
plt.legend(loc= , prop={ :12})

plt.grid()

plt.axhline(lw=2, color= ) # draw a horizontal line
#plt.axis([0, 50, -1, 1])

plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 12)
plt.ylabel( , fontsize =

12); plt.yticks(fontsize = 12)

plt.subplot(2,2,4)

plt.plot(x2, y2, , label= , lw=2, ms=2)
plt.plot(x2[0], y2[0], , label= , lw=2, ms=12)
plt.legend(loc= , prop={ :10})

plt.grid()

plt.axhline(lw=.5, color= ) # draw a horizontal line
plt.axvline(lw=.5, color= ) # draw a vertical line
plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 12)
plt.ylabel( , fontsize = 12); plt.yticks(fontsize = 12)

#plt.savefig('plot/01 dampshm.pdf"')
plt.show()

if(vdpol):
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#
print (
)
print ( )
#:
# function definition
def vanderpol(X, t, mu, beta):
x = X[0]; y = X[1];
dxdt = mu*(x - x**3/3.0 - beta*y)
dydt = x/mu
return [dxdt, dydt]
# main
x0 = [1, 2] # initial values
mu, beta = 0.1, 0.2 # Parameters of nonlinearity & Hookean Elasticity
to, tf = 0, 200 # initial and final time
t = np.linspace(t0,tf,1000) # create time interval with 1000 points
sol = odeint(vanderpol, x0, t, args=(mu, beta))
X, y = sol[:,0], sol[:,1]
# plot
plt.figure(4)
plt.subplot(2,1,1); # dynamics
plt.plot(t, x, , label= , lw=.5, ms=2)
plt.plot(t, v, , label= , lw=.5, ms=2)
plt.legend(loc= , prop={ :12})
plt.grid()
plt.title(
+str(mu)+'$'+ +str(beta)+ , fontsize=12)
plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 14)
plt.ylabel( , fontsize = 12); plt.yticks(fontsize = 14)
plt.subplot(2,1,2); # phase portrait
plt.plot(x, vy, , label= , lw=1l, ms=2)
plt.plot(x[0], y[O], , label= , lw=2, ms=12)
plt.legend(loc= , prop={ :12})
plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 14)
plt.ylabel( , fontsize = 12); plt.yticks(fontsize = 14)
plt.grid()
#plt.savefig('plot/01 vanderpol.pdf')
plt.show()
if(duff):
#:
print (
V#
# function definition
def duffing(u,t,k,lam,alpha,a,omega):
X =ul0]; y = u[ll;
dxdt =y
dydt = -k*x - lam*y - a*np.cos(omega*t)
return np.array([dxdt, dydt])
# main
uo = [1, 0] # initial displacement and velocity
k, lam, alpha, a, omega = 0.5, 0.1, 1.0, 0.2, 1.0 # Parameters
to, tf =0, 50 # initial and final time

t = np.linspace(t0,tf,1000) # create time interval with 100 points
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sol = odeint(duffing, u@, t, args=(k,lam,alpha,a,omega)) # Forced
x = sol[:,0]; y = sol[:,1]

# plot
plt.figure(5)
plt.subplot(2,1,1)

plt.plot(t, x, , label= , Ww=2, ms=2)

plt.plot(t, v, , label= , lw=2, ms=2)

plt.legend(loc= , prop={ :12})

plt.grid()

plt.axhline(lw=2, color= ) # draw a horizontal line

#plt.axis ([0, 50, -1, 1])

plt.text(15,-0.7, +str(lam)+ +str(k)+'$'+ +str(alpha)
+ +str(a)+ +str(omega)+'$', fontsize=12)

plt.xlabel( , fontsize = 12); plt.xticks(fontsize = 12)

plt.title( ,
fontsize = 12);

plt.ylabel( , fontsize=12); plt.yticks(fontsize = 12)

plt.subplot(2,1,2)

plt.plot(x, v, , label= , Ww=2, ms=2)

plt.plot(x[0], y[0O], , label= , lw=2, ms=12)

plt.legend(loc= , prop={ :10})

plt.grid()

plt.axhline(lw=.5, color= # draw a horizontal line
plt.axvline(lw=.5, color=

plt.xlabel( , fontsize
plt.ylabel( , fontsize

#plt.savefig('plot/01 dampshm.pdf")

)

) # draw a vertical line
12); plt.xticks(fontsize
12); plt.yticks(fontsize

12)
12)

plt.show()

if(lorentz):

7
F:s

print ( )
print ( )
print (

print (
)

# function definition
def loratr(u, t, sig, rho, beta):
X,y,z = u[0],u[1],u[2]
dxdt = sig*(y-x)
dydt = x*(rho-z)-y
dzdt = x*y-beta*z
return np.array([dxdt, dydt, dzdt])
# alternatively, def loratr(u, t, sig, rho, beta):
# return [sig*(u[l]-u[@]), u[@]*(rho-u[2])-u[l], u[@]*u[l]-
beta*u[2]]

# main

uo = [0, 1.0, 0] # initial x, y, z

sig, rho, beta = 10.0, 26.0, 8.0/3 # parameters

t0, tf = 0, 100 # initial and final time

t = np.linspace(t0,tf,5000) # create time interval with 450 points

sol = odeint(loratr, u®, t, args=(sig, rho, beta))
X, y, z=sol[:,0], sol[:,1], sol[:,2]

# plot X(t), Y(t), Z(t)
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plt.figure(6)
plt.subplot(3,1,1);
plt.plot(t, x, ,

label= , lw=1l, ms=2)

plt.xticks(fontsize = 12); plt.ylabel( , fontsize
plt.grid();

plt.subplot(3,1,2);

plt.plot(t, v, , label= , w=l, ms=2)

plt.xticks(fontsize = fontsize

plt.grid();

12); plt.ylabel( ,

plt.subplot(3,1,3);

plt.plot(t, z, , label= , lw=1l, ms=2)

plt.xlabel( , fontsize=14); plt.xticks(fontsize =
12); plt.yticks(fontsize = 12); plt.grid();

# plot X-Y, Y-Z, Z-X

plt.figure(7)

plt.subplot(2,2,1)

plt.plot(x, z, , label= , lw=.5, ms=2)

plt.legend(loc= , prop={ :12})

plt.suptitle( , fontsize=14)

plt.xlabel( , fontsize = 12); plt.xticks(fontsize

plt.ylabel( , fontsize = 12); plt.yticks(fontsize

plt.subplot(2,2,2)

plt.plot(x, v, , label= , lw=.5, ms=2)

plt.legend(loc= , prop={ :12})

plt.xlabel( , fontsize = 12); plt.xticks(fontsize

plt.ylabel( , fontsize = 12); plt.yticks(fontsize

plt.subplot(2,2,3)

plt.plot(y, z, , label= , lw=.5, ms=2)

plt.legend(loc= , prop={ :123)

plt.xlabel( , fontsize = 12); plt.xticks(fontsize

plt.ylabel( , fontsize = 12); plt.yticks(fontsize

plt.text(50, 35, ,

plt.text(50, 20,

plt.text(50, 5, ,

#plt.savefig('plot/01 lorentz.pdf"')
plt.show()

12); plt.yticks(fontsize = 12);
12); plt.yticks(fontsize = 12);
12); plt.ylabel( , fontsize =

12)
12)

fontsize=12)
, fontsize=12)
fontsize=12)



