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# 01-01-01. 1 XRITDILEAREXDREMTESE
# BEARIEAAC =% ZEABRIEFLED

def diff _eq_1d(u_arr, D, dh, dt):
new u = u arr[1] + Dx((u_arr[0] + u_arr[2] - 2%xu_arr[1])/(dh*x2))*dt
return new_u

t+1 i-1] i |i+1

11



#01-01. 1 XA EROT7OI 5 LZ2EL.
AEBEREYE (0,0 =upux,n=0) TYZTal—ya>yLTHLS.

# 01-01-02. 1 RXRTIEETILOVZI 2L —Y 3 VET

import numpy as np t_list.append(0)

u_list.append(np.copy(u))

— H *
D = 1.0 # HLEIHRL - for n in range(1, int(t_end/dt) + 1):
dt = 0.05 # BEAFE DX HIE t = nkxdt # BZtDEE

dx = 0.5 # ZEEARDZIHIE u_tmp = np.zeros(len(x) ,dtype = float)

0 =1 # RBHRE 0,1t
u_ SoRaR u(0,t) u_tmp[0] = u 0 # EFREME u(0,t) = u 0

x_e = 10 # xD#&ifm .
N for i in range(1,len(u)-1):
t_end = 50 # tDi&im u_tmp[i]l = diff_eq_1d(

ul(i-1):(i+2)], D, dx, dt
X = np.arange(0,x_e,dx) # xEEE ) N
t list = [] # BAERRTZUR K utmp-1] = 0 # BRXH ulx_e,t) =0

u_list = [] # vekHEKI B UA L u = np.copy(u_tmp)

t_list.append(t)
u = np.zeros(len(x) ,dtype = float) # uD#EA{L u_list.append(np.copy(u))

ul0]l = u_0 # JFEH u(o,t) = u_0
ul-11 = 0 # BEREZH u(x e, t) = 0

ER D IERBICH LT, RRABGREDKRSEEZ S or ZRBEEVNSTEDEXFTIDBREER
PEHZERY. IR ZERE<TEEE, KEFREZNES< (BADDULDOREELIFZET)

?%b,gﬁﬁﬁiéxg<(kﬁmmﬁﬁ)?%.&U(t%DN<%Eﬁk?MEﬁE%.

2
Ax 12




# 01-01-03. FHERDAFRIL
import matplotlib.pyplot as plt

plt.figure(dpi=100)

plt.ylim(-0.05,1.05)

for i in range(0, len(u_list),100):

plt.plot(x,u_list[i]l, ".-", label="t = "+str(t_list[il))
plt. legend(bbox_to_anchor=(1.05, 1), loc='upper left')
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#01-02. 2 RTOMLEFEADTAI S LZ2EL. BPERFHETYZ2L—3 Y UTHES.

XEAM, yHARESZERAEOLIMHET T, B@BHEIEEHIC(-25,25)ET 3.

PEAEEIEZH) 1 DORETI00 (u(x,y,0) =100) &9 3.
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# 01-02-01. 2 RITOILEBAERXDOEHERE

def diff_eq_2d(u_arr, D, dh, dt):

new u = u_arr[1,1] \
+ Dx((u_arr[0,1] + u_arr[2,1] + u_arr[1,0] + u_arr[1,2] - 4%u_arr[1,1])/(dh**x2))*dt
return new_u

U;_1

g T Ui
Wi ipnr = Wij, D

T U T U 4u; ;

AW’

Qj,t

' 01-02-p. 2 RTOBMAREOHELI—F |

|

VEB/CTA—Y, DHEDRE
VBOBE (X,Y)

|

:%%%%ﬁvéuxhwiﬁ

:u@%ﬂ,ﬁﬂﬂﬁ

|
1for X7y 78 in ##D:RU[EI:

Bt DEtE

CARBRLUDTOV S L%ZE>THES.
ZEI, update()EWSE#EZEHELT,
uz—xUICETE LU TH .

# — REE® —
u_tmp = update(u, D, dh, dt)

B DEH
fERD X MDD
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# 01-02-02. 2 RITCDILEAERERICE DK EH

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 1 == 0:

if j == 0:
# EREENIE i=0, =0
new_field[i,j] = diff_eq_2d(field[[-1,0,11,:]1:

elif 0<j<n_j-1:
# EREENIE i=0,0<j<n_j-1

new_field[i,j] = diff_eq_2d(field[[-1,0,1]1,:]11[:
elif j == n_j-1:
# IEFREENE i=0,j=n_j-1

new_field[i,j] = diff_eq_2d(field[[-1,0,1],:]11:
elif 0 <1 < n_1i-1:
if j == o:
# IEBRFHNIE 1<i<n_i-1,j=0
new_field[i,j] = diff_eq_2d(field[[i-1,1i,i+1],:
elif 0 < j< n_j-1:
# X1 (1<i<n_i-1,1<j<n_j-1)
new_field[i,j] = diff_eq_2d(field[[i-1,1i,i+1],:
elif j == n_j-1:
# EREMWE 1<i<n_i-1,j=n_j-1
new_field[i,j] = diff_eq_2d(field[[i-1,i,i+1],:
elif 1 == n_1i-1:
if j == 0.
# EREMHNIE i=n_1i,j=0

i (CZZTldu) DESIDOFIR (lBEEE) Z=EUS

l[_llell]]; D, dh, dt)

,[i-1,3,3+111, D, dh, dt)

,[n_j-2,n_j-1,0]11, D, dh, dt)

1(:,[-1,0,111, D, dh, dt)

][:r[j_lrjij+1]]r D; dhr dt)

1l:,[n_j-2,n_j-1,011, D, dh, dt)

new_field[i,j] = diff_eq_2d(field[[n_i-2,n_i-1,01,:11[:,[-1,0,111, D, dh, dt)

elif 0<j<n_j-1:

# BRFELE i=n_i-1,1<j<n_j-1

new_field[i,j] = diff_eq_2d(field[[n_i-2,n_i-1,
elif j == n_j-1:

# BREZMEMNE i=n_i-1,j=n_j-1

new_field[i,j] = diff_eq_2d(field[[n_i-2,n_i-1,

return new_field

ol,:1[:,[j-1,3,j+111, D, dh, dt)

ol,:1[:,[n_j-2,n_j-1,0]1, D, dh, dt)

ECSIDAZ 1 A

ZBWVWHES
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#01-02. 2 RTOILAFEADTAI S LZEL. BHRRAFETYZ2L—3 v UTHELS.

XEAM, yHARESZERAEOLIHET T, B@BHEIEEHIC(-25,25)ET 3.

IHARFIEEZH 1 DD

XET100 (u(x,y,0)=100) &9 3.

he

1# 01-02-p. 2RTOLHTRIOFLI— N

|

1 BE/INT A —%, YIHREDRERE
HBOHRE (x,y)

|

VERERET 5 U X NOER

I uDHIHA{L

|for ATy in #DhRUEE:
At OEtE

# — REBEB ——

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

FBERDYU A MDD

EIRICRET S E, TAGRU

CC(CEIFTNWBDIEH LK ETT”—hHI.
BaH P DI LAETEREUTOK.

# 01-02-03. 2 RITCILELETILOYZ 2L —¥ 3 VET
D = 1.0 # ILEUREK

dt = 0.05 # BFEAROZHIE

dh = 1 # ZEEAMROZHE

u_0 = 100 # uDFEEE

X = np.arange(-25,25,dh)
y = np.arange(-25,25,dh)
xmesh, ymesh = np.meshgrid(x,y)

t_end = 50 # tOKim

t_list = [] # Bz HZEIDYXS
u_list = [] # uzEExI DU K

u = np.zeros([len(x), len(y)], dtype = float) # udD#IHA{L
ul25,25] = u_0 # EHREH u(0,t) = u_0

t_list.append(0)
u_list.append(np.copy(u))

for n in range(int(t_end/dt)):
= (n+1)xdt # EfZItDEE

# — WREERE ——
u_tmp = update(u, D,dh,dt)

# BWMOER

t_list.append(t)
u = np.copy(u_tmp)
u_list.append(np.copy(u))
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70y kUfcWuListDBER (H25KADUDIER) =15

# 01-02-04a. EEOTE(L 95 JITRERRE (1) 270vYy ~LTWVWS
fig, ax = plt.subplots(dpi=150) ‘(////
ax.set_aspect('equal')
pcm = ax.pcolormesh(xmesh,ymesh,u_list[200],alpha=0.75,vmin=0,vmax=1)
;{%:gﬁéaz?ar(pcm' ax=ax, shrink=0.8) vmin,vmaxiE 78w k93

ZDEDEHRH. IBELRITN

FEEITHRRILEI NS, -
« matplotlib.pyplot 20

« pcolormesh(X, Y, Z) EEX, YICXW L CzOEEETIOY ~
« mpl_toolkits.mplot3d.Axes3D
« plot_surface(X, Y, Z) X, YICXW LU CZOEEF I C3IDZFZOY ~

# 01-02-4b. #HEROFEIL (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,u_1list[200], vmin=0,vmax=1, alpha=0.75)
ax.plot([0,0], [0,0], [0,1], 'w', alpha=0.1) @— N -
fig.colorbar(surf, shrink = 0.8) 7HY b SN2 ZOEOHHE
plt.grid() T BEHDRNI YD
plt.show()

plotlyz2{#Z X175 77+« 7%3D7AY hHTE 3.
HRHDAIFHLTHELS.

ESThIRXBEREEIZELPIVWHZEEZT,
D70y FFTEBREFTLES.
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