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Sample [Chapter 1, Study 1]

Drawing a Lennard-Jones Potential

aQ O a O

Parameters for Water Molecules
PARAMETER(eps =0.0067385)
PARAMETER(sig =0.3165555)
PARAMETER (r_of£=0.2900000)
DIMENSION SCALE(3,2),X(100),Y(100)
CHARACTER*8 NAME(2)
DATA NAME/’ xr[nm] ?,°V(r)[eV]’/
DATA XBASE/ 0./,DXSTP/0.1/,XDISP/25./
DATA YBASE/-0.01/,DYSTP/0.001/,YDISP/15./
C Initialization

CALL GRINIT
C Write title

CALL SETCRS(300.,10.)

CALL PRTCHR(’Lennard-Jones Potential’,h23)
C Calculate Lennard-Jones Potential

NPNT=100

DO 10 I=1,NPNT

X(I)=FLOAT(I)*0.015+r_off
Y(I)=4.*eps*((sig/X(I))**12-(sig/X(I))**6)
10 CONTINUE

C Draw graph

SCALE(1,1)=XBASE

SCALE(2,1)=DXSTP

SCALE(3,1)=XDISP

SCALE(1,2)=YBASE

SCALE(2,2)=DYSTP

SCALE(3,2)=YDISP

CALL DRWAXS(SCALE,NAME,1)

CALL DRWGRA(X,Y,NPNT,SCALE,4)
C End grapgh
CALL GREND
STOP
END
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(C 3k 2k 3k ok 3k 2k ok ok ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok ok 3k 2k ok ok 3k ok ok ok 3k ok 3k ok 3k 3k %k ok sk ok %k ok %k ok Kk %k
C SAMPLE PROGRAM
C -SOLUTION OF INVERSED PENDULUM EQUATION-
C BY RUNGE-KUTTA METHOD
(C 3k 3k 3k ok >k 3k 3k ok ok 3k 3k 3k ok ok 3k 3k ok 3k ok ok ok ok ok 3k 3k sk ok 3k ok ok sk ok ok sk sk ok ok ok sk ok ok ok sk sk ok sk sk ok kk ok
C>>>>>VARIABLES
EXTERNAL F$BES
DIMENSION SOL$Y(2)
DIMENSION S1$DY(2),S2$DY(2),S3$DY(2),S4$DY(2)
C>>>>>INITIAL CONDITIONS
C BES$0 : Position(=Angle)
c DBES$0: Velocity(=Angular Velocity)
DATA BES$0/0.2/,DBES$0/0./
C>>>>>INITIAL CONDITION FOR THE VARIABLE X(=Time)
DATA X$0/0./
C>>>>>PARAMETERS FOR ITERATION
DATA D$X/0.001/,N$REP/5000/
C
C>>>>>PARAMETERS FOR GRAPHICS
DIMENSION SCALE(3,2),X(500),Y(500)
CHARACTER*8 NAME(2)/’X(Sec.) ’,’ F(x) ?/
DATA XBASE/ 0. /,DXSTP/0.25 /,XDISP/25./
DATA YBASE/-0.25/,DYSTP/0.025/,YDISP/15./
DATA NPNT/500/
C>>>>>INITIALIZATION
CALL GRINIT
C>>>>>WRITE TITLE
CALL SETCRS(300.,10.)
CALL PRTCHR(’*Inversed Pendulum*’,19)
C>>>>>CALCULATE SOLUTION
C
C++++++++++++++++++++++++
C+BY RUNGE-KUTTA METHOD +
C++++++++++++++++++++++++
C>>>>>NUMERICAL SOLUTION:BY RUNGE-KUTTA METHOD
XS=X$0
BES =BES$0
BESP=DBES$0
WRITE(6,1200)

TI1E YooV Tarssh

1200 FORMAT(1H ,’ -SOLUTION OF BESSEL EQUATION BY R-KUTTA METHOD’,/
+ 1H 7| X | Y | DY/DX 2,/
+ LB R B e [)

WRITE(6,2000) XS,BES,BESP
IBUF = 1
DO 30 I=1,N$REP
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SOL$X  =XS
SOL$Y(1)=BES
SOL$Y(2)=BESP
CALL F$STEP(D$X,SOL$X,SOL$Y,S1$DY,F$BES)
SOL$X =XS +0.5*D$X
SOL$Y(1)=BES +0.5*S1$DY(1)
SOL$Y(2)=BESP+0.5%S1$DY(2)
CALL F$STEP(D$X,SOL$X,SOL$Y,S2$DY,F$BES)
SOL$X =XS +0.5*D$X
SOL$Y(1)=BES +0.5%S2$DY(1)
SOL$Y(2)=BESP+0.5%S2$DY(2)
CALL F$STEP(D$X,SOL$X,SOL$Y,S3$DY,F$BES)
SOL$X =XS + D$X
SOL$Y(1)=BES + S3$DY(1)
SOL$Y(2)=BESP+ S3$DY(2)
CALL F$STEP(D$X,SOL$X,SOL$Y,S4$DY,F$BES)
XS =XS +D$X
BES =BES +(S1$DY(1)+2.*S2$DY(1)+2.%S3$DY(1)+S4$DY(1))/6.
BESP=BESP+(S1$DY(2)+2.*S2$DY(2)+2.+S3$DY(2) +54$DY(2)) /6.
IF(MOD(I,10).EQ.0) THEN
X(IBUF) = XS
Y(IBUF) = BES
IBUF = IBUF+1
WRITE(6,2000) XS,BES, BESP
ENDIF
30 CONTINUE
2000 FORMAT(1H ,’|’,F5.2,10%,’|’,2(F10.5,5%,’]))
C>>>>>DRAW GRAPH OF SINE FUNCTION
SCALE(1,1)=XBASE
SCALE(2,1)=DXSTP
SCALE(3,1)=XDISP
SCALE(1,2)=YBASE
SCALE(2,2)=DYSTP
SCALE(3,2)=YDISP
CALL DRWAXS(SCALE,NAME,1)
CALL DRWGRA(X,Y,NPNT,SCALE,4)
C>>>>>END GRAPGH
CALL GREND
STOP
END
FUNCTION F$BES(X,B,BP,I)
3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k k sk ok %k sk %k sk ok ok sk ok %k sk ok sk ok sk sk sk kk k

X -=> t; B -=> y; BP --> v=dy/dt
1)Pendulum : L=1m; M=1kg
2)Variable : Theta (=y)

aQ QO Q Q
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2)Diff. Eq.: dy/dt=v
dv/dt=-1’(x)y
=(£(x)+Mg)y

3k 3k 3k 3k ok 3k ok sk sk ok ok sk sk ok sk sk ok sk ok ok sk ok sk sk ok sk ok sk sk sk kk k-

DATA GA/9.8/

C>>>>>RIGHTHAND SIDE OF DIFF. EQUATIONS

IF(I.EQ.1) THEN
F$BES=BP

ELSE IF(I.EQ.2) THEN
F$BES=(F(X)+GA)*B

ENDIF

RETURN

END

FUNCTION F(X)

PARAMETER (a = 0.06)

PARAMETER (freq= 20. )

kst e ok sk ok s ok sk s o sk ok s sk stk s sk skeok s sk sk ok sk sk ok sk ok

aQ O a O

1a : Amplitude(=Maximum Drive)

2)freq: Frequency

aQ Q Q QO

3k 3k 3k 3k ok ok 3k 3k %k %k 3k 3k 3k %k ok ok %k ok ok %k sk ok %k %k %k ok %k %k 3k %k kK k

DATA PI/3.14/

AMP = a*(2+PIxfreq)**2

F =-AMP*COS (2*PI*freq*X)

RETURN

END

SUBROUTINE F$STEP(DX,X,Y,DY,FUNC)

DIMENSION Y(2),DY(2)

B =Y(1)

BP=Y(2)

DO 10 I=1,2
DY(I)=DX*FUNC(X,B,BP,I)

10 CONTINUE
RETURN
END



1.3. BIERRE: Lévy 774 b -5 kot - 11
1.3 WERFE: Lévy 754 b -E VT AHNOEDIGH-

1.3.1 =&

oy, —RL7cE 2A TR Z 5 72 O TH L0 HHFETRORD BAHACAHREE & <IZT v
F LB S IGER T 2R 0RO EEEEZ BT L0 TOHAMARET IV E RS> TWD, Thid T
RO FEE I 7 aPEMR T, <SG U LR ASPRENEEZEE T D 28 EERGBRRD 5,

& Z2AHT, BERNIERIEN—E OfEE & o <HERHIE > & SIED 2L T D% & D <R
Beb> e 5, S6IT ERHIER T, 72 ZUE RO KD RFERIC L 7228 TORIRDELT 5.

o FERUBIRUAESR © P(2) o e~o/?
o NS BB : P(2) o 277

Z 2T, NEBEAERICL DD EER. Wb < Lévy 754 b >ERY FFL, REfToT S
A MEREEIIIR OWESRTEIE T D,

jmax

A-1 y
p = AU
j=0
(1.1)

2T AS>bE > 1THL, HHICRADLN, ZoRIEy = Ind/Inb & L7z & SN BHNTHER
p(z) < 277 25X 5,



12 B1E Yrovryarsn
1.3.2 HAHH

A=283. b=2.0, y=15IC& S>7HAED Lévy 754 - DEAB,

= 3=Dim Levys Flight -




1.3. BIERRE: Lévy 774 b -5 kot -

C 3k 2k sk sk sk ok ok ok ok ok sk sk ok sk ok ok ok ok ok sk sk sk sk sk skesk sk ok ok ok ok ok sk sk sk sk ok ok ok ok ok ok ok s sk sk ke sk ok skok ok ok ok ok ok sk ke

C* 3 DIM. Levy’s Flight *
Cx* -MONTE CARLO SIMULATION *
C* Probability for Flight delta *
C* X = b*xj *
Cx P(x) =N lambda**(-j) *
C* =N’ x#**(-gamma) *
Cx* Parameters *
Cx lambda: U_Lamb=2.83 *
C* b : U_Step=2.0 *
Cx* ---=> gamma=1n(lambda)/1n(b) *
C* =1.5 *

(C 3k 3k 3k sk ok 5k 3k ok sk 5k 3k 3k ok sk 3k 3k 5k 3k 3k ok sk sk sk ok sk sk sk 3k ok ok sk ok sk sk 3k sk ok 3k ok ok sk ok ok ok 3k ok ok sk ok sk ok ok ok sk ok ok sk sk ok sk sk ok ok
C>>>>>UNIVERSAL CONSTANT
DATA PAI/3.14/
C>>>>>INITIAL VALUE FOR RANDOM NUMBER GENERATOR
DATA IX/100/
C>>>>>PARAMETERS FOR Levi’s Flight

C -PROBABILITY
DIMENSION P(100)
C -INITIAL POSITION
DATA X0/0./,Y0/0./,Z0/0./
C -Unit Step
DATA U_Step/2.0/
C -Unit Probability
DATA U_Lamb/2.83/
C -Maximum Steps
DATA M_Step/100/
C -NUMBER OF TRIAL
DATA NCOLL/2000/,NPART/ 1/,NINTR/ 1/
C -NUMBER OF TRIAL(WITH SKIP)
C DATA NCOLL/100/,NPART/ 2/,NINTR/ 5/

C>>>>>PARAMETERS FOR GRAPHIC WINDOW

DATA V_Xo0/- 60./,V_Y0/-36./,V_X1/ 60./,V_Y1/ 36./
C>>>>>INITIALIZATION

CALL GRINIT
C>>>>>DEFINE VIRTUAL GRAPHIC WINDOW

CALL V_WIND(V_XO0,V_YO,V_X1,V_Y1)
C>>>>>WRITE TITLE

CALL SETCRS(120.,30.)

CALL PRTCHR(’- 3-Dim Levys Flight -’,23)
C>>>>>MONTE CARLO SIMULATION
C -Initialization for Random Number Generator

sum = 1.

DO 1 1I=1,M_Step

13
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sum =
p(i)=
1 CONTINUE
DO 2 I=1,M
p(i)=
2 CONTINUE
DO 20 I=1,N
C -INITI
X=X0
Y=Y0
Z=Z0
C -INITI

sum+U_Lamb**(-(i-1))

sum

_Step
p(i)/sum

PART
AL POSITION

AL DIRECTION COSINE

CALL RAND_U(IX,RN)

COSTH
SINTH
CALL
PHATI
DX
DY
DZ

C -INITI
XS=X0
YS=Y0
DO 10

=1.-2.%RN
=SQRT(1.-COSTH**2)

RAND_U(IX,RN)

=2 . *PAI*RN

=SINTH*COS (PHAI)

=SINTH*#SIN(PHAI)

=COSTH

AL POSITION FOR GRAPHICS(X-Y PROJECTION)

J=1,NCOLL
-FLIGHT LENGTH
CALL RAND_U(IX,RN)
if1g=0
do 5 k=1,M_Step
if(iflg.eq.0.and.RN.le.p(k)) then

istp=k-1
iflg=1
endif

continue
FLIGHT=U_Step**istp
X =X+FLIGHT*DX
Y =Y+FLIGHT*DY
Z =Z+FLIGHT*DZ

IF(MOD(J,NINTR) .EQ.0) THEN
CALL V_LINE(XS,YS,X,Y,1)
XS=X
YS=Y

ENDIF

-CHANGE DIRECTION

CALL RAND_U(IX,RN)

COSTH=1.-2.*RN

TI1E YooV Tarssh



1.3. BIERRE: Lévy 774 b -5 kot -

SINTH=SQRT(1.-COSTH**2)
CALL RAND_U(IX,RN)
PHAI =2.*PAI*RN
DX  =SINTH*COS(PHAI)
DY =SINTH*SIN(PHAI)
DZ =COSTH
10 CONTINUE
CALL V_LINE(-3., 0., 3., 0.,2)
CALL V_LINE( 0.,-3., 0., 3.,2)
CALL PAINTF(1)
CALL V_CIRC(XS,YS,2.,2,0.,0.)
CALL PAINTF(0)
20 CONTINUE
C>>>>>END GRAPH
CALL GREND
STOP
END
SUBROUTINE RAND_U(IX,RN)
C++++++++++++++++++++++++++++++H+H+ AR

C+ UNIFORM RANDOM NUMBER GENERATOR +
C+ IX = (A*IX+B) MOD N +
C+ RN = IX/N +
C+ IX : PRECEDING/FOLLOWING RANDOM NUMBER +
C+ RN : NORMALIZED RANDOM NUMBER +

C+++++++++++++++++++++++++++++++++++H++ AR
DATA MODULO/1000000/,I4A/111/,IB/9/
IX = MOD(IA*IX+IB,MODULO)
RN = FLOAT(IX)/FLOAT(MODULO)
RETURN
END
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C 3k 2k sk sk sk ok ok ok ok ke sk sk sk sk ok ok ok ok ok sk e ok sk sk sk skesk sk ok ok ok ok ok ke sk sk sk sk ok sk ok ok ok ok ok ke sk sk sk sk skok ok ok ok ok ok sk ke

C* -Logistic Map- *
Cx* <Equation> *
C* *
C* x(n+1) = a*x(n)*(1-x(n)) *
Cx 0<a<=4 *

C ek ok ok ok ke e o sk ok ok ok ok s o ok o ok ok Kok K K o s ok o o ok sk ok ok K K ok ok o s sk ok ok ok K ok ok K ok e ok ok o ok ko sk ok kK ok ok
C>>>>>PARAMETERS FOR GRAPHICS
DIMENSION SCALE(3,2)
CHARACTER#8 NAME(2)/’ r ’,? x_n '/
DATA XBASE/ 3.4/,DXSTP/0.03/,XDISP/25./
DATA YBASE/ 0./,DYSTP/0.05/,YDISP/15./
C>>>>>Initial Value
DATA A0/3.400/
DATA DA/0.001/
DATA X0/0.7/
C>>>>>Data
DIMENSION y(500)
C>>>>>Trials
DATA nskp/500/
DATA ntry/200/
DATA na /600/
C>>>>>Initialization
CALL GRINIT
C>>>>>Write Title
CALL SETCRS(300.,10.)
CALL PRTCHR(’#***Chaos in Logistic Map *#**’,29)
NPNT=1
C -Simulation
C>>>>>DRAW GRAPH OF UNIFORM RANDOM NUMBER
SCALE(1,1)=XBASE
SCALE(2,1)=DXSTP
SCALE(3,1)=XDISP
SCALE(1,2)=YBASE
SCALE(2,2)=DYSTP
SCALE(3,2)=YDISP
CALL DRWAXS(SCALE,NAME,1)
DO 400 ia=1,na
a = a0+dax(ia-1)
x$skp= X0
DO 100 LOOP=1,NSKP
x$skp = a*x$skp*(1.-x$skp)
100 CONTINUE
y(1) = a*xx$skp*(1.-x$skp)
x$skp = y(1)
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DO 200 LOOP=2,NTRY
x$skp = a*x$skp*(1.-x$skp)
y(loop) = x$skp
200 CONTINUE
NPNT = NTRY
DO 300 L=1,NPNT
CALL DRWGRA(a,y(1),1,SCALE,4)
300 CONTINUE
400 CONTINUE
C>>>>>END GRAPGH
STOP
END
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