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Finite Difference Method

° Taylor expansion

14 14

y(X+Ax) = y(x) + (AX)y’

* First approximation: Euler’s method

y(x+AX) = y(X) + (Ax)y'(X)
y(x+Ax) - y(x)

S SO 2 B y'(x)= ™
: —y(x—A
s L Yy = XYY
V(X) = y(x+ AAX) —y(x) _Ax V(X)
X 2

® Each step the erroris 0(Ax) , so very small step size is needed.

® The errors can accumulate so rapidly that it becomes unstable.
Dr. Hasan Ghasemzadeh

- . . N
Finite Difference Method
V) = y(X+Ax) - y(x) V(x) = y(X) = y(x—Ax)
AX AX

y(X+ AX) — y(X — AX)
2Ax
)y’”() ( )y(‘”(X)+---

SF o o B '(X) =

y(X+AX) = y(X) + (AX)y’

y(x=4x) =y(x) - (AX)Y(X)+( )y"() (—)Y"’() ( )y(4’(X)+---

vy Y(XHAX) =2y(X) + y(X—AX) AX*. .
y'(x) = o ( o YYD (X) +...

y(X+ AX) —2y(X) + y(X — AX)

£ SR EF ol B y”(x) = 2
AX

® Error order (eAX )
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ODE Solution
" 698
ODE y()'-Y(0=0 o o o o ° s
= - x=0 x=1/3 x=2/3 x=1AXx=
BCs {X_O y_O Xo X11/ X7/ 3
x=1y=1 Yo W Y, Vs
" + _2 +VY._
(’J’&iﬁéffgsuw&ﬁ;& y(X):yll yl2 yll
AX
Dl s K YL =2V, + Y, — Y,AXP =0
=1 yz—(2+1/9)y1+y0=0{ y,—19/9y, =0 {ylzo.zsgs
|=2 ys_(2+1/9)y2+Y1:0 1-19/9y,+y, =0 y, =0.6107
AX=1/6 :{yl=0.2890
y, =0.6104
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ODE Solution
ODE  y(X)"-y(x)=0 e
y(x) = Ae* + Be™*
x=0 y=0 A+B=0 = A=-B
x=1y=1 Ae+B/e=1=1=B(l/e—¢)
_e
A =
1-e? -& e
X)= e" + e
__¢ Y 1-e*  1-¢?

1-e? {yl =0.2893
x=1/3 y, = 0.2889 Ax=y3 y, =0.6107
x=2/3 y, =0.6102 a=ye % =0.2890
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Taylor expansion

) — U(X|+1, ym)—U(X| ! ym)

ux(XI! ym AX

- ) . I
Dirichlet or Essential bl Ll s balS s Ll s
Neumann or Natural b Ll 5 e Ll
ODE y(X)"-y(x)=0 Je

e ® ®
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PDE Solution

2!

U(X+AX’ y) = u(XI+11 ym) = U(XI ! ym)+ux(xl ! ym)AX+uxx(Xl ’ ym)(A_XZJ-i_

2!

U(X_AX’ y) = u(xl—l’ ym) = u(XI ' ym)_ux(xl ' ym)AX+UXX(X| ’ ym)(A_XZ)"'

9 Mo B

uxx(xll ym sz

U(X| ' ym+1) B U(X| ' ym)
Ay

uy(XI ! ym) =

): u(XI+1’ ym)_2u(xliym)+u(xlfll ym) (5;j’ LSL’;LLT ""lJ‘B

uyy(XI ’ ym
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PDE Solution
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PDE Solution
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PDE Solution
U(Xq» Vi) — 20X, Y,y) FU(X g, Vi &5 Sy 8
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PDE Solution
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