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{ym,t) = o(t)
y(L,1) = (1)
LI
y(z,0) = f(2)
{yxx, 0) = g(x)

T 3% 5 SRR AR 0P A i 4 S B s 0, DA B () = (1) = 0, B £(0) = f(I) =
g(0) = g(1) = 0, EITRATALHE 2 75 25 5 OB HL 3 R, — R o0 43 (R 97
IR — 77 0, SR SRR o € [0,1) 38 f(z) > 0.

2 ETAREDERBEN ALK R

2.1 —HEETNFIENERLATE

BATH b FRox R il o SIETT MK, Bk oI ¢ BOETT mEpE K, e A m X
WEEL W
{xiih, 0<i<n,

yj =gk, 7=20.
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Yau (ih, jk) & ;2 (Yit15 — 2955 + Yi-1)
LI y KT t B 20 A

Yyu(ih, jk) ~ klg (Yij+1 — 295 + Yij-1) -
KL ERI RN — LR B T2 vy = 02y, BHEF AR ZEMERIA R

Yigr1 =201 = 8)yi; + 5 Wir1y + Yi-15) — Yij-1,
ot s = o2 BRI A T B AL
Yo = 0(k),  yny = V(jk).

X HIAE SR AT HEAT B AL
Yio = f(Zh’)a
DLERFIH y kT ¢ BI—Frho 25 A

2k

ye(z,t) ~

1E t =0 B0 (k) — (e, k)
yi(2,0) = g(r) =~ £ 213 -

(X
Yixl — Yi—1 = 2k9(ih)-

FERTTH AR BIRA IRE DL UA XA L j =0, FHAON yio = f(ih) w152

Yix +yi1 = 2f(ih) + s [f (0 + 1)h) = 2 (ih) + f (i = Dh)].
R He 5 i AR AL g T 45

yia = [(ih) + kg(ih) + ; [f ((i+1D)h) = 2f(ih) + f (i = 1)h)].
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import
import
import
import

import

if __name__ == "__main__

parser.add_argument ('-1"',

numpy as np
math

matplotlib.pyplot as plt
argparse

sys

parser = argparse.ArgumentParser(prog='Wave 3D', conflict_handler='resolve')

--string_length', type=int,
help='string length: use a positive integer', default=10)

parser.add_argument('-t', '--total_time', type=float,

help='define the time of vibration', default=20.0)

parser.add_argument('-n', '--node', type=int,

help='number of nodes: use a positive integer', default=3)

parser.add_argument('-p', '--pdf', type=bool,

help='need PDF output?', default=False)

parser.add_argument('-j', '--jpg', type=bool,

help='need JPG output?', default=False)

cmd = parser.parse_args(sys.argv[1:])
parser.print_help()
string_length = cmd.string_length
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total_time = cmd.total_time
node = cmd.node

wave_velocity =1

h =0.01

k =0.01

n = int(string_length / h)
m = int(total_time / k)

s = wave_velocity ** 2 * k ** 2 / h *x 2

y = np.zeros([n + 1, m + 1])

x_axis = np.linspace(0, string_length, n + 1)
t_axis = np.linspace(0, total_time, m + 1)

X, t = np.meshgrid(x_axis, t_axis)

def f(x):

return math.sin(node * math.pi * x / string_length)

def g(x):

return x * (string_length - x)

def phi(t):

return O

def psi(t):

return O

for j in np.arange(0, m + 1):
y[0, j1 = phi(j * k)
yln, jl = psi(j * k)

for i in np.arange(0, n + 1):
yli, 0] = £(i * h)
yli, 1]

f(i *xh) +k *xg(ix*xh) +s /2.0 (£f((1 +1) *xh)) -2 % f(@d




61
62
63
64

65

66
67
68
69
70
71
72
73
74
75
76
7
78
79
80

* h) + £((i - 1) * h)

# SR M R Ly

for j in np.arange(l1, m - 1):

for i in np.arange(l, n):

yli, j+11 =2x* (1 -5s8) xyli, jl + s *xyli+1, jl +s * y[i -1,

jl - yli, j - 11

# AR LRI
plt.rc('font', size=12)

plt.rc('text', usetex=True)

fig = plt.figure()

ax

ax.

ax.

ax.

ax

if

if

= fig.add_subplot (111, projection='3d')
set_xlabel(r'$x$"')
set_ylabel (r'$t$")
set_zlabel(r'$y$")

.plot_surface(x, t, y.T, cmap='rainbow')

cmd.pdf:

plt.savefig('wave_3d.pdf') # 1745 % (777 4 PDF L1+

cmd. jpg:

plt.savefig('wave_3d.jpg', dpi=100) # 7% &[5 7 hopc ot

plt.show()
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import numpy as np

import math

import matplotlib.pyplot as plt

from matplotlib.animation import FuncAnimation
import argparse

import sys

if __name__ == "__main__":

parser = argparse.ArgumentParser(prog='Wave Animation', conflict_handler='

resolve')

parser.add_argument('-1', '--string_ length', type=int,

help='string length: use a positive integer', default=10)
parser.add_argument('-t', '--total_time', type=float,

help='define the time of vibration', default=20.0)
parser.add_argument('-n', '--node', type=int,

help='number of nodes: use a positive integer', default=3)
parser.add_argument('-g', '--gif', type=bool,

help='need GIF output?', default=False)
parser.add_argument('-m', '--mp4', type=bool,

help='need MP4 output?', default=False)
cmd = parser.parse_args(sys.argv[1:])

parser.print_help()

string_length = cmd.string_length
total_time = cmd.total_time
node = cmd.node

wave_velocity = 1

h=0.01

k =0.01

n = int(string_length / h)
m = int(total_time / k)

wave_velocity ** 2 * k ** 2 / h *x 2

9]
I

y = np.zeros([n + 1, m + 11)

x_axis = np.linspace(0, string_length, n + 1)

t_axis = np.linspace(0, total_time, m + 1)

X, t = np.meshgrid(x_axis, t_axis)
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def f(x):

return math.sin(node * math.pi * x / string length)

def g(x):

return x * (string_length - x)

def phi(t):

return O

def psi(t):

return O

for j in np.arange(0, m + 1):
y[0, j1 = phi(j * k)
yln, jl = psi(j * k)

for i in np.arange(0, n + 1):
y[i, 0] = £(i * h)
yli, 11 = £f(i * h) + k * g(d * h) + s / 2.0 * (£((4 + 1) * h)) - 2 * f(i
* h) + £((1 - 1) * h)

for j in np.arange(l, m - 1):
for i in np.arange(l, n):
yli, j+11 =2 % (1 - s) * y[i, j1 +s * y[i + 1, jl +s % y[i - 1,
jl - yli, j - 1]

plt.rc('font', size=12)
fig = plt.figure()
ax = fig.add_subplot(1l, 1, 1)
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ax.set_xlabel('Position x')
ax.set_ylabel('Deviation y')

line, = ax.plot(x_axis, x_axis, color="cornflowerblue", 1lw=3)

timer = ax.text(0.1, 0.9, '', transform=ax.transAxes)
amplitude = np.max(y)

ax.set_ylim(-1.2 * amplitude, 1.2 * amplitude)

def init():
line.set_ydata([np.nan] * len(x_axis))
timer.set_text('')

return line, timer

def update(frame):
line.set_ydata(y[:, framel)
timer.set_text('t=' + str('{:.2f}'.format(frame * 0.01)) + 's')

return line, timer

ani = FuncAnimation(fig, update, init_func=init, frames=m, interval=1, blit=

True)
plt.show()
if cmd.gif:

ani.save("animation.gif", fps=25, writer="pillow")
if cmd.mp4:

ani.save("animation.mp4", fps=25, writer="ffmpeg")
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FPHT 220 Hz IE5Z3 5 40 R BERO 1] B FE .

1 import math

2 import wave

3

4 import numpy as np

5

6 sRate = 44100

7 nSamples = sRate * 5

8 x = np.arange(nSamples) / float(sRate)

9 vals = np.sin(2.0 * math.pi * 220 * np.sqrt(2) * x)
10 data = np.array(vals * 32767, 'intl16').tobytes()

11 file = wave.open('sine220.wav', 'wb')

12 file.setparams((1, 2, sRate, nSamples, 'NONE', 'uncompressed'))
13 file.writeframes(data)

14 file.close()
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https://www.bilibili.com/video/BV12W411e7o8/?spm_id_from=333.999.0.0&vd_source=aa963c67cd733141442e34dc0e5ba345
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3.3 Python {XA3SLIR

PN RS SCHL 1A JSON SO R 5E B 44 AU 7 At 5 (i 2 S it R T A

import json

import os

import random

import wave

from collections import deque
import time

import numpy as np

import pygame

import math

freq_dict_filename = r"freq_dict.json"

freq_list_filename = r"freq_list.json"

with open(freq_dict_filename) as f:
freq_dict = json.load(f)

with open(freq_list_filename) as f:

freq_list = json.load(f)

def sine(freq, time_len=1):
sRate = 44100
nSamples = int(np.ceil(sRate * time_len))
x = np.arange(nSamples) / float(sRate)
vals = np.sin(2.0 * math.pi * freq * x)
data = np.array(vals * 32767, 'intl16').tobytes()
file = wave.open(f'notes/{freq}t.wav', 'wb')
file.setparams((1, 2, sRate, nSamples, 'NONE', 'uncompressed'))
file.writeframes(data)
file.close()

def writeWAVE(fname, data):
file = wave.open(fname, 'wb')
nChannels = 1
sampleWidth = 2
frameRate = 44100
nFrames = 44100

11
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file.setparams((nChannels, sampleWidth, frameRate, nFrames,
noncompressed'))

file.writeframes(data)

file.close()

def generateNote(freq):
nSamples = 44100
sampleRate = 44100
N = int(sampleRate / freq)
buf = deque([random.random() - 0.5 for i in range(N)])
samples = np.array([0] * nSamples, 'float32')
for i in range(nSamples):
samples[i] = buf[0]
avg = 0.995 * 0.5 * (buf[0] + buf[1])
buf . append (avg)
buf . popleft ()
samples = np.array(samples * 32767, 'intl6')

return samples.tobytes()

class NotePlayer:
def __init__(self):
pygame.mixer.pre_init (44100, -16, 1, 2048)
pygame.init ()
self.notes = {}

def add(self, fileName):

self .notes[fileName] = pygame.mixer.Sound(fileName)

def playSong(self):
for freq in freq_list:
if freq[0] < O:
freq[0] = 0
note = self.notes[f'notes/{freq[0]}.wav']
pygame.mixer.music.load(f 'notes/{freq[0]}.wav')
pygame.mixer.music.set_volume(freq[1])
pygame.mixer.music.play()

time.sleep(0.25 * 1)
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pygame.mixer.music.fadeout (5)

nplayer = NotePlayer()
print (' A £ K EFAF. .. ")
for name, freq in list(freq_dict.items()):
fileName = f'notes/{freq}.wav'
if not os.path.exists(fileName) :
if freq !'= 0:
data = generateNote(freq)
print (f' &3 €72 & fF{fileName}...")
writeWAVE(fileName, data)
elif freq == 0:
sine(0, 1)
print (f' &3 €] & #F{fileName}...")
else:
print (f' F F{freq}t.wavi f], ZZE . ..")
nplayer.add(f 'notes/{freq}.wav')

nplayer.playSong()

4  BlFETEHEL

ARSIz AR B T

argparse, collections, json, math, matplotlib, numpy, os, pygame, random, sys,

time, wave
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