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One eigenvalue approximates e”™{h lambda}, the other is close to zero.
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1 import numpy as np
2 import matplotlib.pyplot as plt
3 def axhlines(vals):
4 for val in vals: plt.axhline(val,color='k',alpha=.3)
5 def axvlines(vals):

for val in vals: plt.axvline(val,color='k',alpha=.3)

1 hlambda = np.linspace(-1.2,0.2,40)
a=1

2
3 b = -(1+3/2*hlambda)
4 ¢ = 1/2*hlambda

6 zm =

7 plt.plot( hlambda,zp )

8 plt.plot( hlambda,zm )

9 axhlines([-1,0,1])

0 axvlines([-1,0])

11 plt.xlabel('s$h\lambdas"');
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5 Examples among many others
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4. A nonlinear stiff system causes trouble for Euler, not for Trapezoid.

imports
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

sns.set()
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import numpy as np

functions to execute Euler and trapezoid steps

1 def euler_step(t,yj,fDf,h):

2 y = np.array(yj)

3 fj = fDf(t,yj)[0]

4 return y + h*fj

5

6 def trapezoid step(t,yj,fDf,h):

7 y = np.array(yj) # use current y value as initial guess for future value

8 fj = fDf(t,yj)[0] # function of diff eq

9 newtonsteps = 1 . . .

10 for k in ?ange(newtonsteps): JUSt takmg 1 Newton Step per tlmeStep
11 f,Df = fDf(t,y) # function and jacobian of diff eq

12 g=y -yj - h/2%(fdDf(t,y)[0] + fj) # value of function g that's supposed to be zero
3 Dg = np.eye(len(y)) - h/2*Df # jacobian of g

14 s = -np.linalg.solve(Dg,g) # Newton step

15 y=y+s

16 return y

A nonlinear stiff system

# another stiff example
import numpy as np

1
2
4 def fDf(t,Y):
5

X,y,2 = Y a function to compute both f and Df
6 a = 41.
7 b=2
8 f = np.array([-y,x, =-a*(z-b*x**2-y**2) ])
9 Df = np.array([[0,-1,0],
10 [1,0,0],
11 [2*a*b*x, 2*a*b*y, -a]])
12 return f,Df

14 def ic(t):

15 return np.array([3,0,18.])
16

17 t0 = 0.0;

8 tl =10

19 M = 200

20 h = (t1-t0)/M

21 print(h)

22 ya = np.empty((3,M+1))

24 fig,ax = plt.subplots(3,1,figsize=(8,12))
25 for method,color in zip([euler step,trapezoid step], 'gk'):

26 y = ic(t0)

27 ya[:,0] =y

8 for j in range(M):

29 t = 10 + h*j

30 y = method(t,y,fDf,h)

31 yal:,j+1]1 =y

32 #break

33 ta = np.linspace(t0,tl,M+1)

34 for i in range(3):

35 ax[i].plot(ta,yali,:],'-',color=color)
36 ax[2].set_ylim(5,25); ax[2].set_xlabel('t');




Results: Euler in green, trapezoid in black.
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