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:5$;!"<:=> 

•# :5$?"

–#():5$@A:5$@B:5$"

–#():5$?CD.EFG5;H5"

–#A:5$?IJKLM"

–#B:5$?NOEFH5"

•# :5$F!"<:=>?"

–#PQFR$?GH5FST"

–#UCVFW1?Taylor series expansion"
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GH5FST!
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d f (x)

dx
= lim

"x#0

f (x + "x) $ f (x)

"x

= lim
"x#0

f [x + ("x /2)]$ f [x $ ("x /2)]

"x

= lim
"x#0

f (x) $ f (x $"x)

"x
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m^:5$g.EG5!
Derivatives Central Difference Forward Difference Backward Difference 
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fi j k
n

= f (x = i"x, y = j"y, z = k"z, t = n"t)

= f (xi,y j ,zk,t
n
)

n^:5opFST?!
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gH5!

! 

Given " y (x) and yi = y(xi), find yi+1 = y(xi+1)

! 

If " y (x) = f (x) then y(xi+1) = y(xi) + f (x)dx
xi

xi+1

#

! 

If " y (x) = f [x,y(x)] then y(xi+1) = y(xi) + ?

qCrstuvwx?gyz{F|Htyz}!~f(x)!

q�rstuv�?trace a curve of a given field f(x,y)!

•#�{�^qCrsFH5LMt����=>!"<:���>���!

•#q�rsFG5#�t~!"YZ(t�n�_FLM���!
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:5$�ª«¬;<:=>"

 Taylor series expansion!

! 

yi+1 = yi + h fi + O(h
2 " f ) �àáâH5?CÈª«�!

! 

h = "x = x
i+1 # xi�°yi+1 N°xi ÐÁÑÒt±Û{¾tÙ(°!

��°yi N°xi+(1/2) ÐÁÑÒtÓ�°yi+1 N°xi+(1/2) ÐÁÑÒt!

Å¾lÔÃÕt°Ö×º½tÙÚ~Ú!t±Û°!

! 

yi+1 " yi = 0 + h fi+(1/ 2) + 0 + O(h
3 # # f )

! 

yi+1 = yi + h
fi+1+ fi

2
+O(h

3
" " f ) �ú�$H5?�Èª«�!

! 

Given " y (x) = f (x) and yi, find yi+1 = yi + f (x)dx
xi

xi+1

#
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:5$�ª«¬;<:=>"

 Taylor series expansion!

! 

yi+1 " yi = 0 + h fi+(1/ 2) + 0 +
(h /2)

3

3
# # f i+(1/ 2) + 0 + O(h

5
f
(4 )
)

! 

yi+1 = yi + h(
1

6
fi +

4

6
fi+ (1/ 2) +

1

6
fi+1)+O(h

5
f
(4)
)

�The 4th order Simpson’s rule H5$?ÏÈª«�!

��°yi N°xi+(1/2) ÐÁÑÒtÓ�°yi+1 N°xi+(1/2) ÐÁÑÒt!

Å¾lÔÃÕtÖ×Ø½tÙÚ~Ú!t±Û!

! 

" " f i+(1/ 2) = ( f i+1 # 2 f i+(1/ 2) + f i) /(h /2)
2

�! aÜÂ¾tÛ!

9 

�>��Ý=!
•# Þß?àáâH5�CÈ�;°The 4th order Simpson’s rule H5$!

•# ãCäH5Vå?°ÏÈH5$°u°CÈH5$°¼3æ!

•# çè_ª«¬ s?°CÈH5$°u°ÏÈH5$°¼és(-3/4) æ!

•# êCÈH5$°u°ÏÈH5$°ë s(-3/4)/3 æ!

•# For s=0.01,       s(-3/4)/3 is about 10!

–# �Ôìíî5�C�{F<:t°ÏÈH5$°u°CÈH5$°I 10 æ!

•# For s=0.0001,   s(-3/4)/3 is about 300!

–# �Ôïìíð5�C�{F<:t°ÏÈH5$°u°CÈH5$°I 300 
æ!

•# �>��Ý=?°È:5$ñ�òÈ:5$!
–# óô�Ôï>C»t^È:5$[>tõ�¾2^FOEt±²u
[>2ö{÷FOEø¼ù!
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gH5�yz{|H�!
Table 3.2. The spatial integrations based on finite difference method 
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�:5$� 

.EG5;H5�>$ 

•# Life is more than the finite differences"

•# FFT �Fast Fourier Transformtfast:�������table�"

–# df (x)/dx=F-1{ ik F[f (x)] }          Int[f (x)]=F-1{F[f (x)] / ik } 

�#�^�g� ¡}!¢!"YZFG5;H5!

�#£¤¥¦FG5;H5t§§¨u©:5$tª«¬®¯��!

�#�� }!^°§§¨°gG5;H5Ot±²ef³*<:�!

•# Fast Cubic Spline �fast:�����´µ¶table�"

–# 5·¸¹�º»¼½¾ f (x) = Ax3 + Bx2 + Cx + D 

–# ¿¸ÀÁÂtÃÄÅ·ÆE�}!"@}!C»G5"@;}
!�»G5"tÇ¸¹�"

!#�^�g� ¡¢�� ¡}!FG5;H5"

–# ª«¬;ºÈ:5$ÃÉ�È:5$FG5ÊËÌÍÎ�"

12 û!~ tri-diagonal matrix!!
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ËÌÍÎ?"

G5�È():5üý¾!

•# þÿG5lÔ±õ!Ä"#$Á%°y "Fz¡&'�"

•# �°{ y-N "°yN } ÃN°x0 ÐÁ(Taylor expansion)Ba
ÜÂ¾Û"

•# uv°y0
(n) ½Fû!t*+°n > 2N �ÈÚ!½t±Û°

2N+1 ä°{ a-N "°aN} �CÈ,�#�¾�g- { a-N "°
aN } t.Û°y0

(s) �°2N È():5üý¾�"

! 

y
0

(s)
=
1

h
s
( akyk
k="N

N

# ) + R

! 

y0
(s)

=
1

h
s
[ ak (y0
k="N

N

# + khy0
(1)

+
(kh)

2

2
y0
(2)

+
(kh)

3

6
y0
(3)

+ ...)]+ R
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q�rsH5LM!
•# Trace a curve of a given field f (x,y)!

•# y(t) NOEFH5!

•# y(x,t) NOEFH5!

•# Ù(y(x,t)N.EF/G5t±0A1:5$@FFT@Cubic Spline@
¢Ù2È():5gÛ!

•# �{��°dy(t)/dt = f (t,y) ~34tU567!

! 

d y(x)

d x
= f [x,y(x)] find yi+1 = yi + ?

! 

d y(t)

d t
= f (t,y) find y

n+1
= y

n
+ ?

! 

" y(x, t)

" t
= f (t,y,

" y

" x
,
" 2y

" x 2
,..., y dx# ,...) find yi

n+1
= yi

n
+ ?

15 

OEH5 

•# Solve y(t) for dy(t)/dt = f (t,y) with a given  y0 = y(t = 0)"

•# Explicit scheme"
–#m^89;¥¿F:;t=>OEH5�"t��
<=÷FlÔ�"

–#[>uvI@°�¾uv�õtóô<:>?@AB
H�"

•# Implicit scheme"
–#m^89@¥¿@;=÷F:;t=>OEH5�
"�Ù(=÷F:;t±C0,�#�¾g-t¢
m^`a$g-�"

–#[>DO@�¾�õtóô<:?>BH�!
16 

The explicit time integrations!

! 

(y*)
n+1

= y
n

+ h f (t
n
,y

n
)

(y*)
n+(1/ 2)

=
y
n

+ (y*)
n+1

2

! 

y
n+1

= y
n

+ hf (t
n+(1/ 2)

,(y*)
n+(1/ 2)

) +O(h
3
f
(2)
)

The 2nd order Runge-Kutta method!

The 1st order Euler method!

! 

y
n+1

= y
n

+ hf (t
n
,(y*)

n
) +O(h

2
f
(1)
)
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â-$!

•# The 1st order Euler method!

•# The 2nd order Runge-Kutta method!

y!

t!tn+1!tn!

t!

y!

tn! tn+1!

! 

d y(t)

d t
= f [t,y(t)]

y n+1!

(y*)n+1!

y n+1!

(y*)n+1/2!

y n!

y n!
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The 4th order Runge-Kutta method!

! 

(y*)
n+1

= y
n

+ h f (t
n
,y

n
)

(y*)
n+(1/ 2)

=
y
n

+ (y*)
n+1

2

(y **)
n+1

= y
n

+ h f (t
n+(1/ 2)

,(y*)
n+(1/ 2)

)

(y **)
n+(1/ 2)

=
y
n

+ (y **)
n+1

2

(y ***)
n+1

= y
n

+ h f (t
n+(1/ 2)

,(y **)
n+(1/ 2)

)

! 

y
n+1

= y
n

+ h[
1

6
f (t

n
,y

n
) +
2

6
f (t

n+(1/ 2)
,(y*)

n+(1/ 2)
)

+
2

6
f (t

n+(1/ 2)
,(y **)

n+(1/ 2)
) +
1

6
f (t

n+1
,(y ***)

n+1
)]+O(h

5
f
(4 )
)
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â-$!

•# The 4nd order Runge-Kutta method!

t!

y!

tn! tn+1!

(y*)n+1!

(y**)n+1!

(y***)n+1!

(y*)n+1/2!

(y**)n+1/2!

y n!

! 

d y(t)

d t
= f [t,y(t)]

20 

The implicit time integrations!

•# �Ô±²tPÀ-z¡,�#�¾�"
–#ELM~ºFC»,�#�¾"

–#ELM~nFC»,�#�¾tGû!µ¶~tri-
diagonal matrix"

–# Examples:"

•# E,�#�¾~�z¡#�¾t¢H~z¡#
�¾tóôû!µ¶-*@-IJ"
–#^`a$g-"

–#4�tpredictor-corrector method"

21 

ELM~ºFC»,�#�¾!

! 

d v(t)

d t
=
q

m
v(t) "B

! 

v(t + "t) # v(t)

" t
=
q

m

v(t + "t) + v(t)

2
$B

The implicit scheme:"

-�ÂºFC»,�#�¾t±H5gÛ"

! 

{vx (t + "t), vy (t + "t), vz(t + "t)}

XYZ[¿\]([¤?"
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ELM~nFC»,�#�¾tG"
û!µ¶~tri-diagonal matrix!

•# The diffusion equation"

•# The implicit scheme"

! 

"T

" t
= #

" 2T

" x2

! 

T
i

n+1
" T

i

n

#t
=
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! 

" =
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2

! 

T (x = 0) = T
0

! 

T (x = N
x
"x) = T

N
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"
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l7?"
]�+>- tri-diagonal matrixFLM!
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`a$�¾� implicit time integration scheme?"

 Predictor-Corrector Method!

•# �^explicit scheme h^89;¥¿F°y "t�<{C
V±²�°y ""

•# h^�<2Û�°y "t��89;¥¿F°y "t_`�
<{CV±²�°y " "

•# _I�Âq�äVå�`aiteration�tP_�`F°y 
";AC»`agaF°y "Ãb�c�bc<:�t
d±ef`atg_qCäVåtU5{Cä time 
step FH5�"

•# 34?The 4th order Predictor-Corrector Method"
�Shampine and  Gordon, 1975� 

! 

d y(t)

d t
= f [t,y(t)]

hijk?!
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The 4th Order Predictor-Corrector Method"

 �Shampine and  Gordon, 1975� 

•# �<Vå?m^°yn, yn-1, yn-2, yn-3 , �<yn+1�"°(the 4th order 
Adams$ open formula) "

•# ���`a�Vå?m^AC»�<2ÛF°yn+1 t��4¯�°yn, 
yn-1, yn-2, _`�<°yn+1 �" (the 4th order Adams$ close formula) "

•# _I���`a�!»tP_��t.±U5{CVF�< "

•# �~E°n < 4 Ot°the 4th order Adams$ open formula ?�^têm
^°the 4th order Runge-Kutta method ÷g°y1, y2, y3�" 

! 

y
n+1

= y
n
+ h[

9

24
f
n+1

+
19

24
f
n
"
5

24
f
n"1

+
1

24
f
n"2
]+O(h

5
f
(4)
)

! 

y
n+1

= y
n

+ h[
55

24
f
n
"
59

24
f
n"1

+
37

24
f
n"2
"
9

24
f
n"3
]+O(h

5
f
(4)
)

Solving ftdyd =/  or fty =!! /  with 

" 

f = f (y,t) and th #=  

26 

Cannot self-start!

Cannot self-start!

Cannot self-start!

Cannot self-start!

%&$Explicit Scheme 

27 

"#$Implicit Scheme 

28 

Based on Runge-Kutta Method and Adams Formula 
Predictor-Corrector Method  

29 

Yl[>Fmn!

•# `a$¿implicit time integration (t���_
]F��ù"

•# ±ô�@`a8�ô���t�dô�@"

    the kth iteration lÔô���°the (k+1)th iteration lÔ"

    �ôC�*+Lù"

•# ��¿�����@`a���A�O�]�
UVC{YlCDq!;rÁ[>Fmn�"

•# ��Ât¿�õYZ�¾Ot�Ô²�O�A
ÞßYl[>ÂFmnt±�*�Õ�YZl
ÔF!"<:�"

30 

Yl[>Fmn!

•# Ylop(q!;rÁ[>Fmn�"

•# q![>?"
–#�*";�c"Fmn�32-bit or 64-bit system?�"

–#saCDq![>�*";�c"F�>t±t8
Integer Arrayuvwx!Fq!"t÷U5yz
<:F�>��{õCä�¾gÈ|123456789!�}q!"�"

•# rÁ[>?"
–#¯�x!Fmn@�Ux$;~Ux$F��"

–#�*";�c"Fmn"
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`a$;bc<:=> 

•# Iteration"
–# Interations are commonly used in solving 

Laplace equation, Poison equation, or use 
implicit scheme to solve differential equation(s)."

–# `a$�n©]C0ÃN<:¢ªN<:÷�@ô
�±�ef`at«_-W�"

•# Machine error (relative error)"
–# Let U be the relative error of 1, then"

•# The computer cannot distinguish the differences 
between U+1 and 1"

•# The relative error of a real number A will be U*A"

–# Example: �Shampine and  Gordon, 1975�" 32 

C--SUB. GETRERR----------------------------------!

C To obtain the relative error with respect to 1!

      SUBROUTINE GETRERR!

      IMPLICIT DOUBLE PRECISION (A-H, O-Z)!

      COMMON /GET_RERR/ RELERR,ABSERR !

      A1=1!

      AH=0.5D00!

      U=A1!

    1 CONTINUE!

      U=U*AH!

      TEMP=A1-U!

      IF(TEMP.LT.A1) GO TO 1!

      RELERR=U*2!

      ABSERR=U*200!

      RETURN!

      END!

=>1FÃN<:!

33 

d!efc 

•# YlopFbc<:tN½^¾¿CF�|ÀÁtdô
±�ÂÃ�bd!ù"

•# 0~1 uniformly distributed random number generator"
–# �n0YlopPÀ¡¢"

–# ô� Ù2d!efcFbasic element"

•# Normal-distributed random number generator"
–# *!$¬°;°()mnS°F�ÄÅ^"

–# ��"

•# General random number generator of a given 
probability function f(x)"
–# ÆªÇÈK�t�^�®�b�}!"

–# ��ò"
34 

Uniform Random Number Generator!

•# �nãCäYlopt�>h^���F��

� ;rÁ[>#¾t¡¢£¤�CYlF�
bd!efcFÃ¥i�}!�intrinsic 

function)"

•# h^Ylq![>;rÁ[>Frunning errort

±Û0_1�EÇ¦5§��bd!�"

•# Example (¨Þ IBM/SSP, for 32-bit computer)"

35 

C Fun. ran: 0~1 Uniform Random Generator !

C Argument 'ix' is the seed of !

C  the random number generating function.!

C In order to get really 'random' numbers, !

C  initial value of ix must be an odd number.!

C!

      function ran(ix)!

      iy=ix*65539!

      if(iy)5,6,6!

    5 iy=iy+2147483647+1!

    6 yfl = iy!

      yfl = yfl*.4656613E-9!

      ran=yfl!

      ix=iy!

      return!

      end!

0~1�EÇ¦5§�"

�bd!efc!

36 

Random Number Generator of the 
Normal Distribution Function!

•# *!$¬ + ()mnS?"

–#®�C¯b�5§}!t_°±²z³¼»�Bt
Ùk´lÔ�µ¥n�5§�"

–#bC¯b�5§}!t°_°±²°n »�BtÙk´
lÔ�b�}!F ¶";·¸!�5¹~4b�
}!F ¶";·¸!F°n æ�"

•# Example: (¨Þ IBM/SSP)"
–# _Iº±0~1Ç¦5§��bd!F´t±"É~n�5§F
d!�"

–# 0~1Ç¦5§F�bd!t�F ¶"~0.5t·¸!~1/12�
(>»�¼M)"
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C!

C==RANORM======================================!

C!
      FUNCTION RANORM(A)!

      COMMON IRR   ! seed of random numbers!

      A=0.!

      DO 999 II=1,16!

  999 A=RAN(IRR)+A!
      A = A-8.0    ! A=A-(nsum/2) where nsum=16!

      A = A*0.866  ! A=A*sqrt(12./nsum)!

      RANORM=A!

      RETURN!

      END!

óÇ"~0tÆª:~1�"

n�5§d!efc!

38 

General Random Number Generator"
(Snell, 1975) 

•# Þß!y = f (x) tÉS°ymax, ymin, xmax, xmin"

•# �º±Cä°0 ~ 1 Ç¦5§F�bd!°a"

•# Óº±Cä°0 ~ 1 Ç¦5§F�bd!°b"

•# Ê°xa=a*(xmax-xmin)+xmin"

•# Ê°yb=b*(ymax-ymin)+ymin"

•# Ë°yb ! f (xa) ¬ÀÌd!°xa �°Ë°yb > f (xa) ¬ÍÎ°xa t_

`º±d!°a ;°b �"

•# _I�ÂVåtP_ÏÐ!PáÑ°yb < f (xa) ~f�Ð²

2efFd!°xa t.~2g�"

xmin 

ymin 

ymax 

xmax 
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gh 

•# �5â"$"
–# �^�xC·!�Cã.E�FLM"

–# �$_hOtä�"

•# åæ$�çz$�"
–# ±�^�xC·!;¼·!,�#�¾FLM�¼·!åæ
$t©]è¯.EyzFjkté²ºN#ê(çz�"

–# �$_hOtä�"

•# -\-"
–# 4�?1 ~ 4 »¼½¾¢¼FC»,�#�¾�g´µ¶�"

•# �ghLM��~-G5#�¾FLM"
–# ëÚÛ-ì÷EÇíîáÑtÿ�Cä�&�G5#�¾t±
IJgÛgÙ2¨!ïð{F-�" 40 

m^°°-G5#�¾°°gh!

•# 34C?"
–#g°f (x,y) = 0 �h 

–#ë°y Ø!ô°x F}!t�ô 

–#ï]�gaC& (x0, y0) �-td±ñògaÙ2(xi, 
yi) �-� 

–#�^áÑ?"! 

" f

" x
+
" f

" y

d y

d x
= 0 #

d y

d x
= $

" f /" x

" f /" y

! 

" f /" y # 0
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Å^-G5#�¾F#¾gh!

•# 34�?�Homotopy method, ÒÓÔ*+ÕSÖÍ×ØaF#$�"

–#g°f (x1, x2, x3, … xn) = 0 �h 

–#ÙÓCä¨! t t°ÓC0CäÚÛ-\-F}!°h

(x1, x2…xn) = 0 t÷� Cä`}!  

g (x1, x2,…xn ,t) = (1-t)*h(x1, x2…xn)+t*f (x1, x2,…xn)  

–#E°t = 0 Ot°g = 0 �-t.°h = 0 �- 

–#m^34CF#¾tt8-G5#�¾F#$tÜ

ÝÙÓ°t _°t = 1 t¬°g = 0 �-t.°f = 0 �-� 
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i:';5j' 

•# Interpolation method�i:$�"

–#m^#$ÁÂFÞßtà>�#$ÁÂF

Þß�"

•# inverse-interpolation method�5j$� "

–#��#$ÁÂFÞßt�EF5j_Ïá

F#$ÁÂ� "
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i:$;5j$�Å^!

•# i:$? "
i:$±ôõ�Oth^#$ÁÂFY]@\]@J
¬]�"t÷traceY]z@\]z@¢Kz� "

•# i:$;5j$?"
–#m^i:$;5j$t±�Z[!"YZ�>FN2

�>VåtC0#$ÁFôõtöw~N*M �>V
åtÙ(°N ~Z[!t°M ~#$!�GN >> M�"

•# 5j$?"
–#m^5j$t±gÛZ[¿Ã.Ephase spaceF5
§}!°f (x,v)�C�±÷Û°f (x,v) FøÈ5§â�"
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C¬.E�"

CÈ;ºÈi:ù5j$!

•# CÈ?"

•# ºÈ?"
! 

f (x) = (
x
1
" x

x
1
" x

0

) f
0

+ (
x " x

0

x
1
" x

0

) f
1
+O(h

2
f
(2)
) = b f

0
+ a f

1
+O(h

2
f
(2)
)

! 

f (x) = a"1 f"1 + a
0
f
0

+ a
1
f
1
+ a

2
f
2

+O(h
4
f
(4 )
)

! 

a"1 =
(x" x

0
)(x" x

1
)(x" x

2
)

(x"1" x0 )(x"1" x1)(x"1" x2 )

a
0

=
(x" x"1)(x" x1)(x" x2 )

(x
0
" x"1)(x0 " x1)(x0 " x2 )

a
1

=
(x" x"1)(x" x0 )(x" x2 )

(x
1
" x"1)(x1" x0 )(x1" x2 )

a
2

=
(x" x"1)(x" x0 )(x" x1)

(x
2
" x"1)(x2 " x0 )(x2 " x1)

x0 x-1 x2 x1 
x 

f 1 

f 0 

f 2 

f -1 

x0 x1 

x 

a b 

b a 
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CÈi:ù5j$!

•# CÈ?"
�{Particle-in-Cell"

FR$tRÉ�$t"

Ù�?òà%_È"

x0 x1 x 

! 

f (x) = d f
00

+ c f
10

+ b f
01

+ a f
11

= (
x
1
" x

x
1
" x

0

)(
y
1
" y

y
1
" y

0

) f
00

+ (
x " x

0

x
1
" x

0

)(
y
1
" y

y
1
" y

0

) f
10
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x
1
" x

x
1
" x

0

)(
y " y

0

y
1
" y

0

) f
01

+ (
x " x

0

x
1
" x

0

)(
y " y

0

y
1
" y

0

) f
11

y0 

y1 

x0 x1 x 

y0 

y1 

a b 

c d a b 

c d 
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CÈ;ºÈi:ù5j$!

•# CÈ?"

b±ÛºÈFi:ù5jú¾"

•# ºÈ?"

û!ai j = ?t×ûüxgýEÇÈþÿ�"

!"tº¬.EF:5ù5j$t"

�±��$#ÂtgÛ�"

! 

f (x) = (
x
1
" x

x
1
" x

0

)(
y
1
" y

y
1
" y

0

) f
00

+ (
x " x

0

x
1
" x

0

)(
y
1
" y

y
1
" y

0

) f
10

+ (
x
1
" x

x
1
" x

0

)(
y " y

0

y
1
" y

0

) f
01

+ (
x " x

0
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1
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0

)(
y " y

0
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1
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0

) f
11

+O(h
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)
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! 

f (x) = ai j f i j
j="1
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#
i="1

2

#
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CÈ&ºÈ�i:ù5j$"

��Ý=!

ã»�>¨;$Á!°°°°°°°°°Ãbª«¬{op#$Á!"

CÈ! ºÈ!

1-D! 2! 4!

2-D! 4! 16!

3-D! 8! 64!

CÈ! ºÈ!

1-D! A/s! A/s1/3!

2-D! A/s2! A/s2/3!

3-D! A/s3! A/s!
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CÈ;ºÈ�i:ù5j$"

��Ý=!

ã»�>Ãbª«¬{[>OEu"�°CÈùºÈ�"

1st/3rd! s! s=0.01! s=0.001!

1-D! 1/(2s2/3)! >10! 50!

2-D! 1/(4s4/3)! >100! 2500!

3-D! 1/(8s2)! 1250! 125000!
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Summary 
•# È'�òÈ�Shampine and  Gordon, 1975�? 

–#È[>F�¾tH)�õtóô*ß[>Ot±�

(Dv�FCPUOEt÷ÛÃbª«¬FlÔt��

-M��´)�òÈ[>F�¾� 

–#(DF*+,¼t±�-öFYl[>:.�,¼ù 
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Summary 
•# 0NLMF1¡tº2�ÄF!"#$ 

–#?²ï>C¯!"#$t3ØC4éS{ù 

–#wxFLMt]^wxF#$-Ét?]¤?¤d– 
56^å7ù8DYl;N��F9:OEù 

–#¯;LMtdô<LIJtz$wxö�ËØ=>t
^wxF!"#$-É�tc?Û?@äù 

•# !"#$F��;ª«¬ 
–#õ�¾Ot�OÞßbc<:;!"<:té?>

grabage in, garbage out (GIGO) ! 

–#ï>C»F�>t¢í±�*+!"#$F��LM 

–#]_I�>Að»FYZ�>tCS]BCÞß2D
^�!"#$F��;ª«¬LM�EFGv�ù 
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