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ERPAEANEERE
( Pardtial Differential Equations and Finite Difference Method)

1. 2O R BIEROX Y (Clarification of partial differential equations with

2™ order)
1.1 MR (—yki#R) (Conical curve geometry and quadratic curve on the section of conical)
u=u(xy) (1)
Ax®> +Bxy +Cy’ +Dx+Ey =G )

i)B*—4AC <0: M (M%z&te) (Ellipse)
Ellipse
(B -4ac<0)

Cicle

Parabola
(B°-4AC=0)

Hyperbola
(B-4AC>0)

Conic Sections
ii)B? —4AC =0: f#i(Parabola)
i) B> —4AC >0: M ifi#(Hyperbola)
1.2 (s I FE oo fE%E (Partial Differential Equations)

ou ou o%u o%u o%u
U:U(X,y), UX:_’ uy:_’ uXX:_Z’ uyy:_Z’uxy: (3)
OX oy OX oy ox oy
Au, +Bu, +Cu, +Du, +Eu +Fu=G 4)
i)B? —4AC <0: ¥R EHFIREDELS: (steady state)
o’u o%u
Laplace Eq. 87+W:O (U, +u, =0) (5)
. o’u 0%
Poisson Eq. WWLW:f (Uy +u, =f) (6)
ii)B?—4AC =0: i e 29k (heat flux). $xi(diffusion). J£%5(consolidation)
ou o%u
E=a287 (Ut=a2UXX) (7)
i) B> —4AC >0: Wil A2 #E8) (undulation, vibration) . %) (Wave propagation)
o%u o%u
¥:a267 (Uﬁ:azuxx) (8)
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2 20 REMR P IRERXOZ 21t (Finite difference equation of differential
equations with 2™ order)

2.1 i (Parabola type): #ViE HFE D3k (finite difference equation of thermal conduction)
Taylor’s expansion of a temperature T(t, X) as function of time t and location x.

Tt x+ ) =T(t, x)+%A +%Z_T( X + %Z—T(Ax) +of(axy’) ©)
~ SaT . 1T, v 1T 4

T(tx =20 =T (10~ - e S (axf 2= () + +0(ax)') (10)
By eq.(9) and eq.(10),
From (9)-(10): T :ﬂzi[T(xmx t)-T(x—Ax, t)] (11)

X 2AX ’ ’

2

; ZZ_TZ ~ LT (A%, )+ T (x= A%, t)— 2T (x, t)]
From (9)+(10): X

_ 2 {T(X+AX, t)+T(x—Ax, t)—T(x t)}

(Ax)’ 2 |

2
o _ 20 I L2 2 {T(x+Ax,t)+T(x—Ax,t)_T(X’t)} .
ot ox*  (Ax) 2

. {T(X—FAX, t)+T(x-Ax, t)—T(x, t)}‘

a
ot

> (13)
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Temprature
A Temprature Distribution at time t

T(xt) et

T(x—A% 4T (x-+A% 1)

T(x;LAx, ) | 2

X
>

X—X X X+
T, means curvature of temperature distribution.

>0: X2 6B E A (inflow)

- T(X, t) REEAOREDOTH L /A&, T, >
When Ty is lower then that around X, T, >0 and heat flux flow in region x.

- T(X, t) A OEE DTS Ly, T, =00 X ~Buiift7 L(no flow)
When T, equals to that around x, Ty =0 and no heat flux generates.

- T(X, ) BB EOEEDOT L ) KE v, T, <00 X 725 BRI H (outflow)

XX —

When Ty is higher then that around x, T, <0 and heat flux flow out of region x.

ar

X DB g ot VRS ORFEDIE L F O A X & OIRFEZICHAE L, # O

TEORF U D,
- WREET (X, t) AT A OWEE DT K 0 /NS AU, X OWREE L5
When T, is lower then that around x, temperature T, in region x increases.
- IR T (X, t) 2SS SO EE O LU, X OIREZ LR L
When T, eauals to that at x, temperature Ty in region x does not change.
- REET (X, t) BSUEEE A DR DT L 0 K& G, X DRI T

When T, is higher then that around x, temperature Ty in region x decreases
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2.2 M dh B J i Y (hyperbola type): 3% &) 5 #E X o 22 434k (finite difference equation of wave

propagation)

ou 1
—~E[U(X+AX,'[)—U(X—AXJ)] (14)

2
ou Aiz [u(x+ Ax, t)+u(x —Ax, t)—2u(x, t)]

ox?
(15)
u(x—Ax,t) “u(x t)}

2 {u(x+Ax, t)+
(AxY 2

Displacement
4 Displaceme nt Distribution of String at time t

xt

X
>

xfx X otk
- ERLU(X, ) TR OB O TH L0 RS UL, u, 200 k&L
- AL U(X, ) DT R OO PN LR, u, =0 He L
- BRIU(X, V) ASE RO LR DT L0 KETFIUE, U, <0: Fra& @)
2 2 _
0 g _ 20 U 2 2 [u(x+Ax,t)+u(x Ax’t)—u(x,t)} (16
ot X (Ax) 2
{ u(x+Ax, t)+u(x —Ax, t) u(x,t)}‘ a7

X DNEE —— 1T S OB DY) & FD X & DAL OFEZHFI L. F DI

o%u
ot?
FZEDOFFFITHE D,

- AL U(X, £)2EBE OB O L 0 /NS FHUE, X X k& omEE U, >0 215

% (EREON%ES1T5)
- AT U(X, ) DR O O TN LU, X OMEE U, =0 (JZZF /0

- BATU(X, V) AT RO OFH L0 KEFhuE, X I X oMmEEu, <0 %1%
5 (FZDhE5155)
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2
2&%?@9%
OX

~
l"' L R
DL 7R
VIpgmrar==aseSS
71775523
HFES
.

@EHBTIEVu=u,+u, <0 b)ESHTIEVU=u,+u, >0

2.3 ¥5 M7 (Elliptic type) @ 7=41k

Laplace A=

Viu=0
Poisson A2
Viu=f
Viu=—p: BEHERTUIvIL
REREAA (g(x,y) >08%4E, g(X,y) > 03IEIR)

VT =—g(x, y): EHKER

Helmholiz A=
ViUu+u=0: KEDEDEHE—F
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