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1996 Monaco Grand Prix

http://www.flickr.com/photos/84488184@N00/131954710/ kY 5|
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4-1) Self-diffusion

4-2) Impurity diffusion (Nearest neighbor binding model) for FCC
4-3) Impurity diffusion (special next nearest neighbor binding model)

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



1-1) ®> T4 71R"— LG RE
Monty Hall problem
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Suppose you're on a game show, and you're given the choice of three doors:
Behind one door is a car; behind the others, goats. You pick a door, say No. 1,
and the host, who knows what's behind the doors,
opens another door, say No. 3, which has a goat.
He then says to you, "Do you want to pick door No. 27"
Is it to your advantage to switch your choice?
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"Ask Marilyn" column in Parade magazine in 1990

Marilyn Vos Savant answered

arguing that the selection should be switched to door #2

because it has a 2/3 chance of success, while door #1 has just 1/3.

(nearly all arguing
doors #1 and #2 each have an equal chance of success.)

When the the Monty Hall problem appeared in Parade,
approximately 10,000 readers,

including nearly 1,000 with PhDs,

wrote to the magazine

claiming the published solution was wrong.
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'BEEZES

If CSe en

doorC(0)=1

Elself CSet <2 /3 Then
doorC(1)=1

Else
doorC(2)=1

End If

'R EES
If DCoose "hen

doorD(0) =1

Elself DCoose <2 /3 Then
doorD(1) =1

Else
doorD(2) =1

End If

BEMNELERUEZR DTS
Forj=0To 2
If doorC(j) = 1 Then Exit For
Next
Fork=0To 2
If doorD(k) = 1 Then Exit For
Next

T =TS

Ifj = 1en
2Then
+1)Mod 3) =2

UOG0

Else
doorC((j + 2) Mod 3) =2

End If

If RadioButton2.Checked = True Then
BIREEZRIEWNETHEHYLEDT
cnt=cnt+1

Else
BIREEZADETHEETNEDT
cnt = cnt

End If

Else

doorC(3- (j + k)) =2

If RadioButton2.Checked = True Then
BIREZEZRGEWNETHEEITNEDT
cnt =cnt

Else
"BIREEZDHETHEHYLGDT

cnt=cnt+1
End If
End If

Hf-21=-ANDHETRHT
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R
Call Haitte mono(tﬁ, R1, R2, R3, R4)

BEof-F v T AILDE

Sub Haitteitamono(ByVal t, ByVal A(), ByVal R, ByVal R1, ByVal R2, ByVal R3, ByVal R4)
ELBRICEYAOE IR 8" 2" B I 5 8
If R <R1 Then
A(t) =1 "FR"
Else
If R<R1+ R2Then
A®M) =2 "R
Else
If R<R1+R2+ R3Then
A(t) =3 "Ep"
Else
IfR<R1+R2+R3+ R4 Then
A)=4"2"
Else
A(t)=5"B"
End If
End If
End If
End If
End Sub

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



1-3) REBMNRILAIFENSHNND?

FHEAONDISAT EFNT-ALBBLRELEND
AL ENCHLNDERTNSDIZAH5D

40 A\ 40 A\
HEAEBDEICALS HEAE HDRC ALV

40 A 40 A 40 A
EBDRICAWGLY/ [BEEBHDRIC AL EBDRICANS

ESADFEE?

Al N—t U FEENTLIZSLY,
TENIEL GEEIEINELENTEELY,

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



L2

98 s W #
kit B %R WERORUCAALSEER
H _ : PO MO DI M A0 AL 50 M $ 2 F b 1 b 4 <
SE L 3 _; SHEThR CABOBELIOW, BLOI ED LS ibiva, &2 5Hm
3 T HD L,

DI LE,

61 BEARER | £l | 628 SCABY IR AMEIN B B RHT

Bl

LENLAERD B IETREVLD L L, oo g s
i LRI S LuvwEed 2 &, 40 ADUA:BEDMEL: Fl D B D Jiiz,
g KT 365050 B 5,
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1-0.1088 = 0.8912 /

ABEGHOBLRT, Dy [AB|WE | AW W
b2 ANTICHA N TH Bl sk | 5 | 00271 | 40 | 08912

. 10| 0.1169 | 45 | 0.9410
VHELDRDLSCHY, ABD | 02520 | 50 | 0.9704

i SDD b, LIEOBEL Y XTI BB E DML, 0Pl D T
! m b5,
' i L2eaio T, A0 ADUAFEDTEL: 1259 ~T 5 2 e,
i : susPuo _ 365X 361 X 363X+ X326 .
| i e = XX % 0.1088
i I

i HIME & b1 LGETe T, | 20 | onu | 55 | 09863

100 AoBEzi, Cofige | 2| 05687 | 60 | 0.9941

- i 30 | 07063 | 70 | 09992
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Rnd BA%( (Visual Basic)

OLLE 1 Rl &M

0.2466
] ELﬁ |
J
L1 B 366
a(l) a(90) A(365)
1HA1H 3H31H 12A31H
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cnt=0 'RCEEBDADNNDIZRAYERZ DN I 52—
For j = 1 To numOfClass
BEDIVSADADREBZEIaAL—T D
'B65ANEDHIZHEAE B D ANILVEWEHIHIIET S

Fori=1 To 365
ai=0 'FEIBEDREBDADE
Next i

Randomize()

For OAinzu
5 +1 kBFEEBDOADHAEBZNZKYRET D
kEBDADFEER(EInrBH

ain)=a(nrn)+1 nNrBEOHEEBDANDEEILIET S
If a(nr) =2 Then '$L9 TIZTEILEAEBD AL LNIE
cnt=cnt+1 [JFEEDISRIZIXECHEB D ANNSENSIZET, TDISREFEOT
GoTo Label '(+1)FEHDISAANDREBRZSIaAL—FTHRT—FAVMNIES
End If
Next k
Label:
Next |
x = cnt / numOfClass
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2) EL#(Random Numbers)IZDULVT

ELAEIELTI=0OEBA DL

TEoH=HEMNFIZRLCEE (—HELZ) +RAEHLRO

012 1
09

01 08
008 07
06

006 05
04

004 0
002 02
01

0 0 LN
0 01 02 03 04 05 06 07 08 09 | 0 \ 02 04 06 08 1

(0.0,0.1)
IL#%] 0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8, 0.9, ONTERNSLERTITAK
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2-1) —HRELBDEYHEZDIEE

PEAE ®RE ESE 5 E| 205
1 X 23%100000001 TE--HFEY 23 0.000000229
23 X 23%100000001 TE>F-HFEY 529 0.000005289
529 X 23%100000001 TE|>f=HFEY 12167 0.000121669

12167 X 23%100000001  TE|of=-HEY 279841 {%?OOO?,E% 0.002798409
279841 X 235100000001 TE|-f-%hEY 6436343 L CHI2T 0.064363429

6436343 X 23%100000001 TEI-1-HFElY 48035888 0.480358825
48035888 X 23%100000001 TE|-t=#H%EY 4825413 0.048254129
4825413 X 23%100000001 TZE|-t=#H=%Y 10984498 0.109844928

L—~—KZRAW=AE
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HilELE L—~<—(Lehmer)ik

=1
_ Fori=1ToN
l,.;=keisuu X |, modulo M Il =11 * keisuu
. Il =11 Mod M
B HEM=2"" R=1/M
Next |
&7
MEE E5E RE
lo M(bit) keisuu
1 100,000,001 23 L—<—=. E#H(5,882,352)
1 4,096(12) 899 RAIMKHY. FHA(1,024=210)
1 8,388,608(23) 1,899 [E#i(2,097,152=221)
1 2,147,483,648(31) 65,539

(48828125)

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.




&% - Visual Basic ® Rnd

static long x=327680;
float Rnd(void)

{
Xx=(x*16598013+12820163)%16777216;

return x*(1.0/16777216.0);
}

24Ey MET & RE(FHX224=16777216, FEE24E V1),
Randomize [ EAONT-FEF16E VD EEIZEHL THIHEAE (216=65536 D % 5|)
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—IRELBDIEE

1 —HEME, 3RAIME., #18A{E(1, 100000001, 23:L—<—=)T
2 FEHA. #DEAME(L, 4096, 899 )T

3—HR1E. FHBITE(1, 8388608, 1899 )T

A—FR1E. FHEI%E Rnd()T
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2-2-1) FEXM[a,b)D—#n

1 a<zxz<b
fz)y=4q b—a 7
0 r<aETlEz>D

T

/00 xf(r)dr = b—|2~a

Z2ERE O

[ s
b—a
2v/3
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RESTEE  F(1)

RND

T =

= f(z)dr
0 r<a

= —y asz<b
1 r>b

. r—a

 b—a

(b —a)RND + a
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Function uniformRnd(ByVal low, ByVal high)
uniformRnd = (high - low) * Rnd() + low
End Function

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.
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2-2-2) IEFRAH (AI RS %)

1 2 2

_ —(x—p)*/20
) = €
f( ) oV 2T

oy B = / 2 f(z)dz

— 0

TH (R o = \//m (x — p)2f(x)dz
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Function normalRnd(ByVal aveP, ByVal stdP)
Dim j As Integer
Dim r, sumNum, z As Double
r=0:sumNum = 10 m
Z = (r - (sumNum / 2)) / Math.Sg Nuat /

For =1 To sumNum Step 1
Return z * stdP + aveP

End Function

Next |
12)

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.




FRROWICH T D MEE

Probability in Normal Dislribulion

0.1915 (0.0A 0.5sigma)
0.1498 (0.5h 5 1.0sigma)
0.0919 (1.0H51.5sigma)
0.0441 (1.5m52.0sigma)
0.0165 (2.0H52.5sigma)
0.0049 (2.5H53.0sigma)
0.0013 (3.0sigmall L)

p.—.'Za | 7 | ;.zv.FZJ
-3 -0 o rAdo
|_63.3%>_|'
_95.4%
» 99.7% _
HMREME =10 X {(F R —F1) /BE R ZE}+50

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



sz Box-MullerElL%k

z = Sqrt(-2 * Log(Rnd())) * Sin(2 * 1 * Rnd())
[F15 0, 78Kk 1 DIEFR 5]

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.
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flzr) = ae™@* (x>0, x >0)

/000 xf(x)dx = é—

o0 1
\/ /0 (& — w2 f(z)de =

|

iy M

BERE O
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F(x) = /Om f(x)de =1—¢e 7

RND=1-F(z)=e" "

T = —é In (RND) = —1n (RND)
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1.2

1\
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Function expRnd(ByVal aveP)
Return -aveP * Math.Log(Rnd())
End Function

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.
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n=_

BERE O
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—aT
Tmmc—AtEELsERE: Pr(0) = e °

HHEADEERRDANTERAIZZFLZVEE  Protarrive = Pr(0) = e T
SE PR ORI (B t e hoRE) f(1) zRLT

T
Protarrive = 1— [ f(t)dt
0
chevEmmmanmis () = ae”
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Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



1
usEManETsEy ; = —— In (RND);

A
v

=R iveicd |
) n-+1
Z ; <1< Z Li
t:l 1::1

=9I nFEAREAYES a ADEBEITEIHRTVonmELGD

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



- T

n n+1
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i—1 =1
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O
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Function poissonRnd(ByVal aveP)
Dim r As Double =1
Dim n As Integer =0
Do While r > Math.Exp(-aveP)

Loop
Returnn-1
End Function

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.
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1 M _ M C,

P(n) = 53 oiar =i = 2m

(n=0,1,---,M)

M
M
= ;HP(H) =5
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EXTvD
C5(1/2)°
5C4(1/2)°
5Cs(1/2)°
BATvD
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Function binomialRnd(ByVal aveP)
Dim |, n, M As Integer
n=20
M=2*aveP
Forj=1To M
If Rnd() <0.5Thenn=n+1
Next
Return n
End Function

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.
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Renormalization group (Y3A#&&#)approach

HEEDH 1
FEER p4

1 SHHBHEE  pt
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Renormalization group (<YiA##f) approach
EEDH 4
S p2 (1-p)?

DIEMBHER (1/2)*4 p? (1-p)?

Copyright © 2010, Okamura, Yoshinobu. All rights reserved.



Renormalization group (<YiA##f) approach
EEDH 2
S p2 (1-p)?

N DIEMH>TLVELY <

DIEMNBHEZR O
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S BINIR

pxE pf p3(1-p)  pAI-p?  pALl-p)?2  p(l-p?®  (1-p)
ZEDH 1 4 4 2 4 1

L

MEFEURFECYRAHEEZ-IBADFHER  P=p* 4p3(1-p) +(1/2) X 4p*(1-p)?
SS[CABFEIBFECY AR EEZ BB DREE P=p* 4p=(1-p’) +(1/2) x 4p™(1-p')?
ST srresssssssessssas s

p'=p,kdBE. p=0, 1, (-1-V5)2, (-1+V5)2=0.62
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MC method

prob = Val(TextBox1.Text) 't B =R

HAMIAT OV DEE
Fori=1 To size

For = O SIZE
If Rnd() <= prob Then

End If
Next |
Next |
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Fori=1Tos
Forj=1Tos

If ai, ) * ali - 1, ) = 1 And a, j) * adi, j - 1) = 1 Then

b(i, j) = b(i, j- 1)
templ="Db(i-1,j)
Fork=1Toi-1
Forl=1Tos
If b(k, ) = templ Then
bk, ) =b(, j-1)
End If
Next |
Next k
Form=1Toj-2
If b(i, m) = templ Then
b(i, m) =Db(i, j- 1)
End If
Next

Elselfa(i,j) *a(i-1,j) =1 Then
b(i, j) = b(i - 1, ))

Elself a(i, j) *a(i,j- 1) =1 Then
b(i, j) = b(i, j - 1)

Elself a(i, j) =1 Then
b(i, j) = island
island = island + 1

End If

Next |
Next i

(L))

(-1,)EDEMNBH AT RT, HXU(,j)I
(i j-1)DEBESEENYHTS

t1) @

(-L)DEESZG)EYETS
(i)-1)

(i.))
(ij-1)DBEBEEZE(,)ICEIYHTS

FITOIIMDEMMTOSN DN TIVENEE(E
HLLWEESZEIYATS
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&:’fjgﬁgﬁgﬂ [(Lj-l)l:ﬂ'?"):bh} [(i-l,j)(:?]'?"):bh} [ Zh Lot }

- e-O[10® O #wuss
(i,j)@% % COLT W @

(L) (i.j)

| l l l

50 Boo ol g

(L)) (L)) (i.)) 4 (L))

FEDBHSTNBEEO) LOBESEEYLTS
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Ps Pe W O QEMEHSSMEERENTNTRAESNTODES,
TEEADERBEOFWESLUNSYFERDE, T TFRARS, EEX
RyDPEZBNTNBEE ALV ZARYIDEIEFERBLD,

1) T74)LE(10k+20%)

2) 100k+20%
U2al—iarvMEST 3) 1kA—L+20%D/ N5V +
4) 1kA—1Ls+30%MD /N5 Y+
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Fori=1ToN

Next |

x1 = rndNorm(avexl, stdxl, RSum) ‘A& —rEHIE rs

x2 = rndNorm(avex2, stdx2, RSum) ‘Ar4249,—MEHE rc
x3 = rndNorm(avex3, stdx3, RSum) ‘#Einfg w

x4 = rndNorm(avex4, stdx4, RSum) ‘3> AIME a

R=x1*((L-2*x4)/x3)+x2*(2*%x4/x3)+2*x2/x3
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®
B ADENEERE (arrival_time_dif)ZELEIZXYES
ZDANDY—E XEfE(service_time)ZEL#IZLYEFES
FHEEfE (waiting_time)Z5tHE T 4. waitg 2 LG
[BTD A Dwaiting_time +service_time&EZ D A Darrival_time_diffE D ZE]
I HEBEZ(departure_time)ZEtE 35

nox | .
‘waiting_time+ service_time (BE%0)

Rnd)) (Rnd()

arrival_ti me_dlff waiting_time service_tirﬁ’“e---a.__,.
7 V7N ‘ ‘
; A
past_time )
(BE%0) departure_time

@fZ:@EFZ|(past_time)Zarrival_time_diffi2[ZEJ %
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departure_time
atd] st ‘

v

departure_time
atd w_t ‘ s t \

departure_time
atd||wt ‘ s t ‘

past_time
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Do While past_time <= TOTAL_TIME
‘D RE-ADELEEEHSEEAEHET 5@t ds FEHTES)
coming_new_client(waiting_number)
'Q K- ANDEZIZEBRELET S
past_time = past_time + waiting_client(waiting_number + 1).arrival_time_ diff
‘QFDEBRLICEITEFLANBENVUINT S

line_up_client(waiting_number)

Loop

FEHEFEABANMNEZRAVTIERDMELEZRE

Sub coming_new_client(ByVal w_number)
waiting_client(w_number + 1).arrival_time_diff = -Math.Log( Rnd() ) / COMING_TIME_AV

14— RBER(H/ N ERD TR S Al BERE

waiting_client(w_number + 1).service_time = -SERVICE_TIME_AV * Math.Log( Rnd() )

FoREZETET S
'HERLEFET D

End Sub
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@

Sub coming_new_client(ByVal w_number)
waiting_client(w_number + 1).arrival_time_diff = -Math.Log( Rnd() ) / COMING_TIME_AV

waiting_client(w_number + 1).service_time = -SERVICE_TIME_AV * Math.Log( Rnd() )

FHREZEETET S

waiting_client(w_number + 1).waiting_time = waiting_client(w_number).waiting_time + _
waiting_client(w_number).service_time - _
waiting_client(w_number + 1).arrival_time_diff

If waiting_client(w_number + 1).waiting_time < 0.0 Then 'Ff=7Z\L MG &

waiting_client(w_number + 1).waiting_time = 0.0
waiting_client(w_number + 1).wait_time_status = False

Else "HOGE
waiting_client(w_number + 1).wait_time_status = True
End If

'HERZIZFHFET S
waiting_client(w_number + 1).departure_time = past_time + _
waiting_client(w_number + 1).arrival_time_diff + _

waiting_client(w_number + 1).waiting_time + _
waiting_client(w_number + 1).service_time

End Sub
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Sub line_up_client(ByVal w_number)
Dim left_client_num As Integer
left_client num=0
If waiting_client(w_number).wait_time_status = True Then
left_client_num = count_left_client_num(w_number)
waiting_client_move_over(w_number, left_client_num)
Else
waiting_client_move_over(w_number, w_number + 1)
End If
End Sub
Function count_left client_num(ByVal w_num)
Dim i, left_cl_num As Integer
left ¢l hum=0
Fori=0Tow _num
If waiting_client(i).departure_time < past_time Then
left ¢l num=left cl num+1
End If
Next i
count_left_client_num = left_cl_num
End Function

Sub waiting_client_move_over(ByVal w_num, ByVal left_cl_num)

Dim i As Integer
Fori=0Tow_num + 1 - left_cl_num
waiting_ client(i) = waiting_client(i + left_cl_num)
Next i
Fori=1 To left_cl_num

waiting_client(i+ w_num + 1 - left_cl_num) = no_waiting_client

Next i
waiting_number = waiting_number - left_cl_ num + 1

End Sub
Copyright © 2010, Okamura, Yoshinobu. All rights reserved.
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Emperical transport law (Fick's frst law)
J=—-D%n

Conservation of malter {continuity equation)

n

A
Combine both, then

dn 1

i DV

Dillusion experiments are analized in lerms of suitable solution of n(r, £) for the particular
geomelrical condilions used.

|
/ !

L ruu'“\i

fort
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4-1) Self-diffusion

O Vacancy

. Solvent tracer

O Solvent atom
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Random Walk  and Correlated Walk
» Random Walk

e Correlated Walk
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Wg(m, N) W (m, N)

V¥
A
AJ

o,

3_

Wa(m. N)

=alWg(m—a,N - 1)+ gWr(m —a, N — 1),
Wip(m.N)

= pWg(m+a,N—-1)+aWr(m+a, N —1).
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P(X.N) = aP/(X —=1.N 1)+ 8P(X —1,N — 1),
Py(X.N) = BP/(X.N —1)+4aPy(X,N - 1).

I
INE
Mz

s
e
E
;-;
2

Qi(€,v)
hzﬂ)iz.ll
- Z i Pi(X, N)e*v?,
. (1—av)i+ ,5261,—-‘
Ql(éay)_' {1“‘(&'{3)}44 ?
B+ (1 - aly)p
Q'z(&!‘y]_ {1_(&_)3)}14 ’
where

A=(1-av)—{a-(a—-B)w}v
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2
P(X.N) =) P(X.N).

1=1

_ XN 1—(a—B) - Bla- B — Bla—B)v
QMJ)FE;EEHLNE = S r—Y .

~ )
’ < X >= XP(X.N)= =N.
£=1 )2] X 2

9 (.9 y — . X% = 3 X?P(X,N)
5% (‘535(9(5* )) - 2
1[0, 1+(a=B)
= Z[!\ +1-—(a—ﬂ)N
_2m—ﬁﬂb4a—me
{1 —{a—B8)} '
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m = (2X - N)a.

<m> =0
<(Am)*> = <(m—<m >)? >
_ 1+ (a— B)
= ap"
_Q(a—ﬁ){l—(a—ﬁ)”}]az
{1-(a—B)} |

<(Am)?>  fa®
= 5  for large ¢

= ot 27
T=flfﬁr
_ 1+ (a-5) 146

e

f_i—(n-—ﬁ) 1-96
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Lattice f ]
Diamond 0.5 -1/3
SC 0.6531 -0.2098
BCC 0.7272 -0.1579
FCC 0.7815 -0.1226

A.R.Allnatt, A.B.Lidiard,
“Atomic Transport in Solids” p355 Table10.1
(Cambridge University Press 1993)
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(mfa+N+2)/2

Wm,N) = Y %((1_;4@;)2)’:(12L§)N_l

=)
1+6)\°
X {(—) mia+N-2C5_9 + (1 -+ 5) miatN-2Ci_1 + mjatn zCi}
g ) Tl mlegN=t g 2
x f\r_iCm{c_n.-l-.f\' (8)

for aN > m > —aN, where 4Cpg (A, B: integer) is a binomial coefficients given
by

(_{"-‘l —Aé)'BII fDI'AEBEU,
ACp = (9)
0 otherwise.
For m = —aN, we obtain
N-1
W (—aN,N) = % (iz‘s) (10)

W (m,N) =n Clnjasny2/2" as § — 0 (Random walk limit)
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Simulation of self diffusion (correlation factor f) for FCC

 <AR* >
f - Ny+2

7l

vacancy jump frequency W =1

AATEB | P L—YDRF v 7 | self-correlation factor | FRER{E (0.7815) & DA%
2000 50 0.80387 2.86%
2000 100 0.790185 1.11%
2000 200 0.7848675 0.43%
2000 400 0.77285875 -1.1%
2000 800 0.784554375 0.39%
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Probability W[%]

-50 -40 -30 -20 -10 0 10 20 30 40 50
Site position m/a

Figure 4: MC results (black circles) for 100,000 trajectories and analytical
probability distributions (solid line) in case of N = 100 for FCC lattice.

'1'he correlation tactor 1s calculated trom this, yielding
0.7794, which differs from the theoretical estimate by only 0.27%.
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4-2) Impurity diffusion (Nearest neighbor binding model) for FCC

o Vacancy
. Impurity tracer
O Solvent atom
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Manning calculated the correlation factor for this model and showed that the impurity correlation

factor is given by

o 2?1}1 -+ 71U3F
2wy + 2wy + TwsF

f
where

102! + 180.523 + 92722 + 1341z

T = T T 40943 + 25422 1 507z + 436

Wy
r = —
Wo
[t should be noted that the correlation [lactor can be represented by only 3 parameters such as
wyjwy, wy/wy and r = wyfwg. In case of sell-diffusion (wy, = wy = w3 = wg = wg = 1), the cor-
relation factor reduces to 0.7814.
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Simulation of impurity diffusion for FCC

 <AR* >
o Ny2

/

Chosen atom by RND

o
L

vacancy jump frequency W

RND>W  the jump is not executed
RND<W the jump is successful
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2: The variation of correlation factor with z with w,/w; = 0.5, w3/w2 = 0.1 (small circles ). The
solid curve is drawn from Manning’s formmula.
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3: The variation of correlation factor with w; /w, with wz/w,; = 0.1,z = 1 (small circles ). The solid
curve is drawn from Manning's formula.
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4-3) Impurity diffusion (special next nearest neighbor binding model)

T_M
é- W
k12 k21

E_H# W o k01
é- W o
wWo ko

O—H-#

W o
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BCC
w2, k12, k21. k01,

k02, w0
ah gt"\ -
f/ p _:f FCC
i /fl f/ wl, w2, ki2, k21,
- kO1. k02, w0
29|
® 2
e |Irlil x‘"ff
O—
x’f diamond
we . k12, k21, k02,
wi

. Impurity B
C} Vacancy V or Solvent A
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(m/at+N+2)/2 i N—1
1 —44 146
WemN)= 2, 5((1+é)2) ( 2 )
1+4

2
X {(—) msa+N-2Ci 2 + (1 +0) msarn-2Ci—1 + m£u+N—zci}
2 —z ——r —

> N-iCm{n{-—.ﬂ' (8)
for aN > m > —aN, where 4Cp (A, B: integer) is a binomial coefficients given
by

Al
(A= BB for A>B >0,
ACp = (9)
0 otherwise.
For m = —aN, we obtain
N—1
1 /146
W(—aN,N)= - | —— (10)
2 2
§ = —wy/(wy + H)
values' structures BCC FCC diamond
H Tk(}]F 2'i'.l'..'1 + Tk[]]F :}k;‘glF
F 22 + 5,182z + 2.476 22 + 6401z + 6.333 _6.167x +9.273
7{x + 0.8106) T(x + 1.667) 3(z* + 3.6295z + 3.001)
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FA)A, AFTFDONE
BHEME(QAELZHRESEHLE. minorityl2HEF Y X (EXH D)

NENDEFDHFEYRERLONELY,
NHERZERIEEENI NGV (FEEIRCEE, B ORI, HRGE)
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