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This is continuous, exactly y* on [—3, 3], but linear outside this interval.

Iltis also C! everywhere including at y = +3. We could make it even smoother if we wished.
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1(f) Lorenz with Euler - want to see evidence of convergence

1 from matplotlib import rcdefaults
2 rcdefaults() # restore default matplotlib rc parameters
3 %config InlineBackend.figure format='retina’
4 import seaborn as sns # wrapper for matplotlib that provides prettier styles and more
5 import matplotlib.pyplot as plt # use matplotlib functionality directly
6 %matplotlib inline
7 sns.set()
1 dimport numpy as np
1 def numerical solution(m,Y®,T,method,color="'k',plot_type='time'):
2
3 global nexty, f,ax
4
5 t=20
6 y = np.array(Y0)
7
8 h = (T-t)/m
9
10 ta = np.empty(m+1)
11 ta[o] = t
12
13 ya = np.empty((len(Y0),m+l)) # a 2d array
14 yal[:,0] =y
15 for k in range(m): # 0, 1, 2,
16 if method=='euler"':
17 y =y + h*f(t,y) # scalar mult and addition done element-wise
8 else:
19 assert(False) # exit if unimplemented method requested
20 t += h
21 talk+1l] = t
22 yal:, k+1] =y
24 if plot_type == 'time':
25 d = len(Y0)
26 for i in range(d):
27 if i==0:
28 ax.plot(ta,yal[i,:],'-',color=color,label=str(m)) # plot ith component vs t
29 else:
3 ax.plot(ta,yal[i,:],'-"',color=color) # plot ith component vs t
31 ax.legend(loc='lower center')
32 elif type(plot type) == list:
33 i,j = plot type
3¢ ax.plot(yal[i,:],yalj,:],'-"',color=color) # plot ith component vs jth
35 return t,y # return the final point
36

w
Y]



1(f) continued

X,Y,2Z

Generate the numerical approximate solutions

def f(t,Y):
xX,¥,z2 =Y
return np.array([ 10*y - 10*x, 28*x -y =-x*z, -8*z/5 + x*y ])

1
2
3
4
5 Y0 = np.array([-5.,-8.,15.]) # changed from -4,-8,15 for s22
6 T=1.

7 doplot = True

8

9 fig = plt.figure(figsize=(10,10))

10 ax = plt.subplot(111)

11
12 colors = 'gcbmr’
3 nc =0
14 for method in ['euler']:
15 for m in [300*4**i for i in range(5)]:
16 print(m)
17 tl,yl = numerical solution(m,Y®,3.0,method,color=colors[nc])
18 nc += 1
19 print(yl) # to see final value of y
300
[-6.65094034 2.20345286 37.3528184 ]
1200
[-8.82800314 -4.74038825 34.48436814]
4800
[-10.082517 -8.68367443 32.63858672]
19200
[-10.11171328 -9.65544671 31.48003229]
76800

[-10.08632628 -9.87400475 31.12889622]
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We can see some evidence for convergence with as the number of steps gets into the 100,000 range.



1(f) continued

Now the coordinate plane projections:

1 fig,axs = plt.subplots(1,3,figsize=(15,5))
2 nc =0
3 for method in ['euler']:
4 for m in [300*4**i for i in range(5)]:
5 print(m)
6 vars = [0,1]; ax = axs[0]
7 tl,yl = numerical solution(m,Y®,3.0,method,color=colors[nc],plot type=vars)
8 ax.set xlabel('x'); ax.set ylabel('y")
9
10 vars = [0,2]; ax = axs[1]
11 tl,yl = numerical solution(m,Y®,3.0,method,color=colors[nc],plot type=vars)
12 ax.set xlabel('x'); ax.set ylabel('z")
13
14 vars = [1,2]; ax = axs[2]
15 tl,yl = numerical solution(m,Y®,3.0,method,color=colors[nc],plot type=vars)
16 ax.set xlabel('y'); ax.set ylabel('z")
17
18 nc += 1
19 print(yl) # to see final value of y
300

[-6.65094034 2.20345286 37.
1200
[-8.82800314 -4.74038825 34.
4800

3528184 ]

484368141

[-10.082517 -8.68367443 32.63858672]
19200
[-10.11171328 -9.65544671 31.48003229]
76800

[-10.08632628 -9.87400475

15

10

31.12889622]
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