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#11-1-1. 1 RoOILBAEROBEHES

def diffEgld(u_arr, D,dh,dt):
new_u = u_arr[1] + D*((u_arr[0] + u_arr[2] - 2xu_arr[1])/(dh**2))*dt
return new_u
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11-1. 1 REOBLEARRO 7O 5 L%ZEL<.
BEEEFREHE 0.0 =upux,)=0) TYZaLb—3>ULTHLS.

#11-2-2. 1 RTGIEHMETILOIZ 2L -3 VET
import numpy as np tList.append(0)

uList.append(np.copy(u))

D =1.0 # BRI

dt = 0.05 # BFRAA A DX HIF for n in range(nEnd):

dx = 0.5 # ZEAAAEDZAHIE t = nxdt # RRtOHE

u_0 = 1 # BREMH uo,t) = u_o u_tmp = np.zeros(len(x) ,dtype = float)
x_e = 10 # xD¥IH

nEn

for i in range(1,len(u)-1):
u_tmp[i] = diffEqld(ul[i-1,i,i+1]], D, dx, dt)
u_tmp[-1] = 0 # WHREH u(x_e,t) =0

x = np.arange(0,x_e,dx) # xFE{Z
tlist = []1 # RANEDBHRI DV~
uList = [] # vEERI DU X~

u = np.copy(u_tmp)
tList.append(t)
uList.append(np.copy(u))

u = np.zeros(len(x) ,dtype = float) # uM#IHA{L
ul0] = u_0 # BWHREH u,t) = u_o
ul-11 = 0 # BREMH ulx_e,t) =0

d = 1000 # BSEICETBIL—TDEBDELE : u_tmp[@] = u_0 # HERERM u0,t) = u_o

# 11-1-3. BROARME
import matplotlib.pyplot as plt
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plt.ylim(-0.05,1.05)

for i in range(0,len(uList),50):
plt.plot(x,uList[i], ".-", label="t = "+str(tList[i])) “
plt.legend(bbox_to_anchor=(1.05, 1), loc='upper left’)
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#11-2-1. 2RGTOILBBFERIOERES

def diffEg2d(u_arr, D, dh, dt):

new_u = u_arr[1,1] + D*((u_arr[0,1] + u_arr[2,1] + u_arr[1,0] + u_arr[1,2] - 4xu_arr[1,1])/(dh**2))*dt

return new_u
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u_tmp = update(u, D,dh,dt)
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#11-2-2. 2 RGOILBEARRCEDICEHR
def update(field, D, dh, dt):
n_i, n_j = field.shape

new_field = np.zeros((n_i, n_j),dtype=field.dtype)

for i in range(n_i):
for j in range(n_j):
if i == 0:
if j == 0:
# BREMNE i=0,j=0
new_field[i,j] = diffEq2d(field[[-1,0,1],:]1[:,[-1,0,1]1]1, D, dh, dt)
elif 0<j<n_j-1:
# BREMLNE 1=0,0<j<n_j-1
new_field[i,j] = diffEq2d(field[[-1,0,1],:1(:,[j-1,3,3+11]1, D, dh, dt)
elif j == n_j-1:
# BREMNE i=0,j=n_j-1
new_field[i,j] = diffEq2d(field[[-1,0,1],:1[:,[n_j-2,n_j-1,0]1]1, D, dh, dt)
elif @ < 1 < n_i-1:
if j == 0:
# BREMNE 1<i<n_i-1,j=0
new_field[i,j] = diffEq2d(field[[i-1,i,i+1],:1(:,[-1,0,1]1], D, dh, dt)
elif @ < j< n_j-1:
# XY (1<i<n_i-1,1<j<n_j-1)
new_field[i,j] = diffEq2d(field[[i-1,i,i+1],:1[:,[j-1,3,j+111, D, dh, dt)
elif j == n_j-1:
# BREMLE 1<i<n_i-1,j=n_j-1
new_field[i,j] = diffEq2d(field[[i-1,i,i+1]1,1[:,[n_j-2,n_j-1,01]1, D, dh, dt)
elif i == n_i-1:
if j == 0:
# BREMNE i=n_i,j=0
new_field[i,j] = diffEq2d(field[[n_i-2,n_i-1,01,1[:,[-1,0,1]1]1, D, dh, dt)
elif 0<j<n_j-1:
# BRE|MWE i=n_i-1,1<j<n_j-1
new_field[i,j] = diffEq2d(field[[n_i-2,n_i-1,01,1[:,[j-1,3j,j+11]1, D, dh, dt)
elif j == n_j-1:
# BR{ENIE i=n_i-1,j=n_j-1
new_field[i,j] = diffEq2d(field[[n_i-2,n_i-1,01,1[:,[n_j-2,n_j-1,01]1, D, dh, dt)

return new_field

11-2. 2REDHLHAERROTOTSLZEL. BRBERFZHTYZIaL—2ray LTHES.
xBAE, y#HAmEBERAROLMET T, &EEIFESIC(-25,25)9 3. MEAKHREZH,]
DORXETI00 (u(x,,y,0)=100) &T3.
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hz D=1.0# ;F%Sz{fééﬁz
dt = 0.05 # BREAAAE DL HIE
-------------------------- dh = 1 # ZEABEOZHIE
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LD AR
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1 u_tmp = update(u, D,dh,dt)
1
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u_0 = 100 # UDFEEE

X

y
xmesh,ymesh = np.meshgrid(x,y)

np.arange(-25,25,dh)
np.arange(-25,25,dh)

nEnd = 2000 # BFRAICRAT DIL—TDEDIRLE

[1# BAZELHRIBDU I~
[1# uERBRISBIX

uList

u = np.zeros([len(x) ,len(y)],dtype = float) # uM#HA1L
ul25,25] = u_0 # WHREH uo,t) = u_o

tList.append(0)

BEHROEH uList.append(np.copy(u))

BROY I ADERH
o o o 1 for n in range(nEnd):
t = nxdt # BRtOEE

KRICREKTDE, CABREL. — # - KEEER -

u_tmp = update(u, D,dh,dt)

# Eﬁ&w%%ﬁ
ZICEFTWBDI(EdH < T, tlist.append(t)

u = np.copy(u_tmp)

Q"b"@@’@?‘b\ﬁ,ﬁf?& b'tOK uList.append(np.copy(u))
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78y hUicWuListDER (H2FROUDRER) =15
# 11-2-4a. R OOl E93 ZITIERERKRE (1) 270y hLTW3S
fig, ax = plt.subplots(figsize=(8, 8))
ax.set_aspect('equal')
pcm = ax.pcolormesh(xmesh,ymesh,uList[-11],alpha=0.75,vmin=0,vmax=1)
fig.colorbar(pcm, ax=ax, shrink=0.8)

plt.show() vminvmaxld 70y k53 | |
: ZOBEOEHE. EELETN °
FEB TR NS,
 pcolormesh(X, Y, Z)

BEEX, YL CzoEEaTIOY ~

)

# 11-2-4b. EROARIL (3D)
from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure(figsize=(10,7))

ax = fig.add_subplot(111, projection='3d")

surf = ax.plot_surface(xmesh,ymesh,uList[50], vmin=0,vmax=1, alpha=0.75)
ax.plot([0,0], [0,01, [0,1], 'w', alpha=0.1)

fig.colorbar(surf, shrink = 0.8) 70 b ENBZOEOEEH
plt.grid() ERBITBHDON) vy
plt.show() |
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