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[1]: import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline

[6]: @np.vectorize
def factorial(x):

if x == 1:
return x

else:
return x * factorial(x - 1)

[14]: n = np.arange(1, 6, 2).reshape(-1, 1)
n

[14]: array([[1],
[3],
[5]])

[15]: an = np.pi**n * (-1)**((n-1)/2) / factorial(n)
an

[15]: array([[ 3.14159265],
[-5.16771278],
[ 2.55016404]])

[12]: z = np.arange(-2, 2, 0.01)

[19]: fz = np.sum(an * z**n, 0)
fz

[19]: array([-4.65467323e+01, -4.51125148e+01, -4.37123212e+01, -4.23455796e+01,
-4.10117241e+01, -3.97101951e+01, -3.84404386e+01, -3.72019068e+01,
-3.59940579e+01, -3.48163558e+01, -3.36682704e+01, -3.25492774e+01,
-3.14588585e+01, -3.03965008e+01, -2.93616975e+01, -2.83539475e+01,
-2.73727550e+01, -2.64176305e+01, -2.54880895e+01, -2.45836535e+01,
-2.37038495e+01, -2.28482099e+01, -2.20162728e+01, -2.12075816e+01,
-2.04216852e+01, -1.96581380e+01, -1.89164997e+01, -1.81963355e+01,
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-1.74972156e+01, -1.68187159e+01, -1.61604173e+01, -1.55219059e+01,
-1.49027732e+01, -1.43026157e+01, -1.37210353e+01, -1.31576386e+01,
-1.26120376e+01, -1.20838493e+01, -1.15726955e+01, -1.10782034e+01,
-1.06000048e+01, -1.01377365e+01, -9.69104031e+00, -9.25956281e+00,
-8.84295546e+00, -8.44087449e+00, -8.05298092e+00, -7.67894053e+00,
-7.31842379e+00, -6.97110585e+00, -6.63666653e+00, -6.31479025e+00,
-6.00516605e+00, -5.70748750e+00, -5.42145271e+00, -5.14676428e+00,
-4.88312931e+00, -4.63025930e+00, -4.38787017e+00, -4.15568222e+00,
-3.93342009e+00, -3.72081274e+00, -3.51759341e+00, -3.32349960e+00,
-3.13827301e+00, -2.96165958e+00, -2.79340936e+00, -2.63327656e+00,
-2.48101948e+00, -2.33640050e+00, -2.19918604e+00, -2.06914651e+00,
-1.94605633e+00, -1.82969382e+00, -1.71984127e+00, -1.61628483e+00,
-1.51881449e+00, -1.42722410e+00, -1.34131129e+00, -1.26087744e+00,
-1.18572768e+00, -1.11567085e+00, -1.05051943e+00, -9.90089576e-01,
-9.34201037e-01, -8.82677148e-01, -8.35344792e-01, -7.92034371e-01,
-7.52579778e-01, -7.16818361e-01, -6.84590897e-01, -6.55741559e-01,
-6.30117889e-01, -6.07570760e-01, -5.87954354e-01, -5.71126125e-01,
-5.56946772e-01, -5.45280207e-01, -5.35993524e-01, -5.28956970e-01,
-5.24043913e-01, -5.21130812e-01, -5.20097185e-01, -5.20825580e-01,
-5.23201546e-01, -5.27113598e-01, -5.32453189e-01, -5.39114682e-01,
-5.46995312e-01, -5.55995164e-01, -5.66017135e-01, -5.76966911e-01,
-5.88752928e-01, -6.01286349e-01, -6.14481026e-01, -6.28253477e-01,
-6.42522850e-01, -6.57210895e-01, -6.72241932e-01, -6.87542821e-01,
-7.03042932e-01, -7.18674113e-01, -7.34370660e-01, -7.50069287e-01,
-7.65709095e-01, -7.81231542e-01, -7.96580410e-01, -8.11701777e-01,
-8.26543987e-01, -8.41057616e-01, -8.55195444e-01, -8.68912424e-01,
-8.82165650e-01, -8.94914329e-01, -9.07119748e-01, -9.18745245e-01,
-9.29756178e-01, -9.40119893e-01, -9.49805694e-01, -9.58784816e-01,
-9.67030387e-01, -9.74517406e-01, -9.81222706e-01, -9.87124924e-01,
-9.92204476e-01, -9.96443517e-01, -9.99825921e-01, -1.00233724e+00,
-1.00396469e+00, -1.00469708e+00, -1.00452486e+00, -1.00343998e+00,
-1.00143597e+00, -9.98507842e-01, -9.94652067e-01, -9.89866566e-01,
-9.84150665e-01, -9.77505066e-01, -9.69931818e-01, -9.61434287e-01,
-9.52017123e-01, -9.41686231e-01, -9.30448740e-01, -9.18312973e-01,
-9.05288415e-01, -8.91385683e-01, -8.76616498e-01, -8.60993649e-01,
-8.44530967e-01, -8.27243294e-01, -8.09146450e-01, -7.90257202e-01,
-7.70593238e-01, -7.50173132e-01, -7.29016316e-01, -7.07143046e-01,
-6.84574375e-01, -6.61332122e-01, -6.37438839e-01, -6.12917782e-01,
-5.87792881e-01, -5.62088708e-01, -5.35830448e-01, -5.09043865e-01,
-4.81755277e-01, -4.53991520e-01, -4.25779922e-01, -3.97148266e-01,
-3.68124767e-01, -3.38738037e-01, -3.09017054e-01, -2.78991135e-01,
-2.48689900e-01, -2.18143246e-01, -1.87381316e-01, -1.56434466e-01,
-1.25333234e-01, -9.41083133e-02, -6.27905195e-02, -3.14107591e-02,
5.58058960e-15, 3.14107591e-02, 6.27905195e-02, 9.41083133e-02,
1.25333234e-01, 1.56434466e-01, 1.87381316e-01, 2.18143246e-01,
2.48689900e-01, 2.78991135e-01, 3.09017054e-01, 3.38738037e-01,
3.68124767e-01, 3.97148266e-01, 4.25779922e-01, 4.53991520e-01,
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4.81755277e-01, 5.09043865e-01, 5.35830448e-01, 5.62088708e-01,
5.87792881e-01, 6.12917782e-01, 6.37438839e-01, 6.61332122e-01,
6.84574375e-01, 7.07143046e-01, 7.29016316e-01, 7.50173132e-01,
7.70593238e-01, 7.90257202e-01, 8.09146450e-01, 8.27243294e-01,
8.44530967e-01, 8.60993649e-01, 8.76616498e-01, 8.91385683e-01,
9.05288415e-01, 9.18312973e-01, 9.30448740e-01, 9.41686231e-01,
9.52017123e-01, 9.61434287e-01, 9.69931818e-01, 9.77505066e-01,
9.84150665e-01, 9.89866566e-01, 9.94652067e-01, 9.98507842e-01,
1.00143597e+00, 1.00343998e+00, 1.00452486e+00, 1.00469708e+00,
1.00396469e+00, 1.00233724e+00, 9.99825921e-01, 9.96443517e-01,
9.92204476e-01, 9.87124924e-01, 9.81222706e-01, 9.74517406e-01,
9.67030387e-01, 9.58784816e-01, 9.49805694e-01, 9.40119893e-01,
9.29756178e-01, 9.18745245e-01, 9.07119748e-01, 8.94914329e-01,
8.82165650e-01, 8.68912424e-01, 8.55195444e-01, 8.41057616e-01,
8.26543987e-01, 8.11701777e-01, 7.96580410e-01, 7.81231542e-01,
7.65709095e-01, 7.50069287e-01, 7.34370660e-01, 7.18674113e-01,
7.03042932e-01, 6.87542821e-01, 6.72241932e-01, 6.57210895e-01,
6.42522850e-01, 6.28253477e-01, 6.14481026e-01, 6.01286349e-01,
5.88752928e-01, 5.76966911e-01, 5.66017135e-01, 5.55995164e-01,
5.46995312e-01, 5.39114682e-01, 5.32453189e-01, 5.27113598e-01,
5.23201546e-01, 5.20825580e-01, 5.20097185e-01, 5.21130812e-01,
5.24043913e-01, 5.28956970e-01, 5.35993524e-01, 5.45280207e-01,
5.56946772e-01, 5.71126125e-01, 5.87954354e-01, 6.07570760e-01,
6.30117889e-01, 6.55741559e-01, 6.84590897e-01, 7.16818361e-01,
7.52579778e-01, 7.92034371e-01, 8.35344792e-01, 8.82677148e-01,
9.34201037e-01, 9.90089576e-01, 1.05051943e+00, 1.11567085e+00,
1.18572768e+00, 1.26087744e+00, 1.34131129e+00, 1.42722410e+00,
1.51881449e+00, 1.61628483e+00, 1.71984127e+00, 1.82969382e+00,
1.94605633e+00, 2.06914651e+00, 2.19918604e+00, 2.33640050e+00,
2.48101948e+00, 2.63327656e+00, 2.79340936e+00, 2.96165958e+00,
3.13827301e+00, 3.32349960e+00, 3.51759341e+00, 3.72081274e+00,
3.93342009e+00, 4.15568222e+00, 4.38787017e+00, 4.63025930e+00,
4.88312931e+00, 5.14676428e+00, 5.42145271e+00, 5.70748750e+00,
6.00516605e+00, 6.31479025e+00, 6.63666653e+00, 6.97110585e+00,
7.31842379e+00, 7.67894053e+00, 8.05298092e+00, 8.44087449e+00,
8.84295546e+00, 9.25956281e+00, 9.69104031e+00, 1.01377365e+01,
1.06000048e+01, 1.10782034e+01, 1.15726955e+01, 1.20838493e+01,
1.26120376e+01, 1.31576386e+01, 1.37210353e+01, 1.43026157e+01,
1.49027732e+01, 1.55219059e+01, 1.61604173e+01, 1.68187159e+01,
1.74972156e+01, 1.81963355e+01, 1.89164997e+01, 1.96581380e+01,
2.04216852e+01, 2.12075816e+01, 2.20162728e+01, 2.28482099e+01,
2.37038495e+01, 2.45836535e+01, 2.54880895e+01, 2.64176305e+01,
2.73727550e+01, 2.83539475e+01, 2.93616975e+01, 3.03965008e+01,
3.14588585e+01, 3.25492774e+01, 3.36682704e+01, 3.48163558e+01,
3.59940579e+01, 3.72019068e+01, 3.84404386e+01, 3.97101951e+01,
4.10117241e+01, 4.23455796e+01, 4.37123212e+01, 4.51125148e+01])
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[22]: plt.plot(z, fz)
plt.plot(z, np.sin(np.pi * z))
plt.ylim(-1, 1)

[22]: (-1, 1)

[28]: def estimate(n_max):
n = np.arange(1, n_max+1, 2).reshape(-1, 1)
an = np.pi**n * (-1)**((n-1)/2) / factorial(n)
return np.sum(an * z**n, 0)

[32]: plt.plot(z, np.sin(np.pi * z), label="original")
for i in range(1, 10, 2):

plt.plot(z, estimate(i), label=str(i))
plt.ylim(-1.2, 1.2)
plt.legend()

[32]: <matplotlib.legend.Legend at 0x7feb45ae80d0>

4



[38]: plt.plot(z, np.sin(np.pi * z), label="original")
plt.plot(z, estimate(20), '--', label=str(20))
plt.ylim(-1.2, 1.2)
plt.legend()

[38]: <matplotlib.legend.Legend at 0x7feb45a37d30>
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