W@E%%\

ZEEEE D
JNS — /ﬁ/)iz

lll

>
=
L (2)

BT ;53 (Noshita, Koji)

M NoS
G} htt

JEB=AT

=10

bt £

= X4 IE

H A

=k

nita@morphometrics.jp
0s.//koji.noshita.net

g‘cﬂ"ﬁ
HE



F£110O : INY —2 TR

AHDBEE

. 2Rt

. BIREMEIC KB BERL
.« D FDHLEL
 BEEARETIL

e RIGHLEXE T )L




NV OAE 55

MEERFER
al/t - DVQ IEOE CRDFREDST A F I HREDRT S
— U EMEEETHE TR EDHD

or

ZHEMAEEF ANhZE BIZE, HLEEDFORE) DA
0 0 0 ou ou ou
V = : ,ore, —— gradu = Vu = —e, +—e, + --- +—¢,
0x; 0x, ox,, ox; — 0x) ox,
L DFHU SO FcWARIBEZFEPARY MV EZRAREL S




MEEHENDEENTEE &

LIl S N BIRRDH

§'=
BRRRAIC &Di@%ﬁ%%%ZtﬁTéé
C TR T RITTDIFZFEICDOWT 2 D8N T
B w m
) os
u(0,1) = up( > 0) u(x, ) = U exp (_ 4367 ) 0s
x—>—oo,oo_C“u(x,t)=0,7L;=0 V4ﬂDt g 0 A
e e
MMEEHEN
ol HIBABPUTEESINTEDFHILD DTN EX B E
— = DV?u
ot
= ity
U, 1) = (> 0) TR
u(x, 1) =u (> 0) ul . M()
u(x) = X+ ug
X1 — X

[RBZfRTlenFOREE 18 &



TILT AT ICKBINY —2 Rk

Bl Z 1,

oM(x,t) 5
Ey =|DV*“M(x, t)|l— dM(x, 1)

HhEY Ay

l. H%Feﬁ
D: HhEURE
d. DERRE

EILT AT ViEE Mx)

05 10 15 20 25 30 LB x



TILT AT ICKBINY —2 Rk

EILT AT VIEE M)

—

1.0
0.8
0.6

0.4

FRE]

02 B2

05 10 15 20 25 30 (B x



L .:I:l: MR \ \ N —
RIGILEYETIL F£—F—-
IRTE
« uEVIIHICHLENT B
c uEVEH[C—TERETHE=ND
- ulFBSEMHILT B
« vIZuDERZHNHIT B
c ulIvDERZRET B
c ulF—TERETER=ND
HLEY
yEHE{BEF ou 9)
e | |2 = b,V
ot
MHIET Y _p v2y
AV EY— ot v

<1 YVIN) LR

L I

HEEE(L SROIME

MR ——

—d u
—d v

N\,

+ ki~ + k,

+ kyu?

B R DX

4 RX



Fa—YU>T)\T

FF—EREEE wanM S,E%WEEﬁwmayﬁé

ULd

| 1008

1006

1004

225
200

+200
175

175
150

150
125

125
100

100
a7s 075
050 0.50
025 025




ERICTO7 S LhZHATHELD |



BIREDEIC KD ZE DR

ENBICEDMP&ELTSIET, MaATEAZHBILT S
EN7ZZHMBTE > TcHD B8 CAXZEAROREILICAWLS
FEARNEINTTRDO A Z—F=ED

&b 2B u(x, y)x 2R ITTZERE L TRERE T 2. .,
i =u(xi, 1), (xi, ) CDuDxT3 BN\ DRI D = <E> E xABNDZHMEZAxE TS,

HEZES T & B FIDZER T L BN
(a ) Uiy T W ou g — Uiy
ox ). Ax <$)l ~ A
A4 S5—=KERU
BIBERIT K BEM 2BEDHRILESR T & 5 2R M5 DI
ou Wi — Uiy ; 0%u Wiy~ 2u; ; it Uy
(E)l ~ Ax <ﬁ>l ~ sz

HICDOWTIIHEERISR YARNBEIRICEZ D

i
T



. BRI R OBEL ou

_ 2
BRI & DI P DV-u
(WBDAAZ—z) 10— 20+ Uiy
. TR EIOBEIE = ;= U+ D NE At

2D HIDESIT &L D SERL e I _

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

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
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#01-01. 1 RTOILBAENDTAT S L%EEL.

AERREYE (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_Llist.append(np.copy(u))

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

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

@ = 1 # iﬁ) S 0,t
u_ R u(0,t) u_tmpl0] = u_0 # BWREHE u(0,t) = u_0

Xx_e = 10 # xDikim .
N for i in range(1,len(u)-1):
t_end = 50 # tDikiR u_tmpl[il = diff_eq_1d(

ul(i-1):(i+2)], D, dx, dt
X = np.arange(0,x_e,dx) # x[EFEE ) N
t_list = [] # BAEBBETZUIK utmp[-1] =0 # FSEM ulxe,t) =0

u_list = []1 # uzixd DU+ u = np.copy(u_tmp)

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

ul0]l = u_0 # JEHREZH u(0,t) = u_0
ul-11 = 0 # JBEREZH u(x_e,t) = 0

ER D IERBICH LT, RRABGEDKRSEEZ S or ZRBBREDNSTELHEFIDHREER
P ZRY. ERAZERE<TEEE, KEFREZNS< (BADDULDREEIFZET)

?%b,gﬁﬁﬁgéki<(kﬁmwﬁﬁ)?%.wm<t%DN<%Eﬁt?M§ﬁ&%.
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# 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], ".-", label="t = "+str(t_list[i]))
plt. legend(bbox_to_anchor=(1.05, 1), loc='upper left')
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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

F Uy Wy — Y
7,2

9j7t 9j,t
At
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VEB/CTA—Y, DHEDRE
VBOBE (X,Y)

|

:%%%%ﬁvéuxhwiﬁ

:u@%ﬂ,ﬁﬂﬂj

|
1for X7y 78 in ##0D:RU[EIE:

Bt DEtE

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

# — NKEB® —
u_tmp = update(u, D, dh, dt)
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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 1 in range(n_1i):
for j in range(n_j):
if 1 == 0:

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

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

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

new_field[i,j] = diff_eq_2d(field[[-1,0,1],:]11:
elif 0 <1 < n_1i-1:
if j == 0:
# BREENIE 1<i<n_i-1,j=0
new_field[i,j] = diff_eq_2d(field[[i-1,1i,1i+1],:
elif 0 < j< n_j-1:
# X1 (l<i<n_i-1,1<j<n_j-1)
new_field[i,j] = diff_eq_2d(field[[i-1,i,i+1],:
elif j == n_j-1:
# BREMEMNE 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_i-1:
if j == 0:
# ﬁ%ﬁ¥%#¥ﬂﬂ@.i=n_i;j=@

i (CZZTldu) DESIDOFIR (lBEEE) Z=EUS

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

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

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

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

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

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

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

elif 0<j<n_j-1:
# BREHME 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:
# BEREENIE 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

0]1:][:I[j_11jlj+1]]l D; dhi dt)

0l,:10:,I[n_j-2,n_j-1,011, D, dh, dt)
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|
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|

VERERET 5 U X NOER

Iu@%ﬂ,ﬁﬁﬂz

|for ATV in DR UEE:

L ERltostE

|

L o# - REEB

: u_tmp = update(u, D, dh, dt)
L BROEH

|

|

e S OB SN E >

EIRICREIT S E, TABRDU.

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

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

dt = 0.05 # BFEAFEOZHIE

dh = 1 # ZEEAMOZHE

u_0 = 100 # uDFHEERE

X = np.arange(-25,25,dh)
y = np.arange(-25,25,dh)

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

t_end = 50 # tOKim

t_list = [] # FAZzEHKI DI B
u_list = []1 # uzixI S YR

u = np.zeros([len(x), len(y)], dtype = float) # uD#HAL
ul25,251 = u_0 # \EFRSEH u(o,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

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

# [BEWROFEF
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)
;ig:gﬁéaz?ar(pcm, ax=ax, shrink=0.8) vminvmaxid 70y k9 3

ZDEDEHFE, EELRITN

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_list[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 FFEBREFTLES.
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4. #LEHRE (Du, Dv) ZZF{EtSET

u=1.0, v=1.0lcbIhix /1 X EDESBINTIDEUDIDRAND
(0.0~0.01EE)ZMMZ 3.
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