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q(t)=q, cosat, V(t)=—g,msin at
« Velocity Verlet@perlZ’ 0% 5 L (osc.pl)

$9=1.0,%v=0.0; ($e,$f)=calc_force($q);
$m=1.0,;%k=1.0; for($i=1,%i<=%nstep;%i+t+) {
$dt=0.01,;%$nstep=100; $v+=0.5*$f/Sm*$dt;
sub calc_force { $qg+=3v*$dt;
my $g=%_L[01]1; ($e,$f)=calc_force($q);
my $f=-%$k*$q; $v+=0.5*$F/Im*$dt;
my $e=0.5*$k*$q**2; $H=0.5*$m*Pv**2+%e;
return ($e,$f); print OUT $i*%$dt,",",%$q,
b "/"/$V/"/"/$H/"¥n";
open(OUT,">o0sc$dt.csv™) ;| | } 15
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« Van der WaalstH E{EAA9T 4% AFRDIU=

aAlb—i3ay

e,
‘ﬂ

(vdw.pl)

$natom=3;

’ $fcap=1.0;

$mass=1.0;

$dt=0.001;

$width

$width=10.0;

$scale=1.0;

$sigma=1.0;
$epsilon=1.0;

$nstep=100000;
$nsave=100;

> $seed=180621;

=

T FHE T T

=

Number of particles
Width of initial
particle distribution
Scaling factor for
initial velocity
Force constant for
spherical boundary
Atom radius

Well depth

Atomic mass

Number of MD steps
Frequency of saving
trajectory

Time step

Random seed
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2095 L4

$pi=atan2(1.0,1.0)*4.0;
$npt=10000;

open(OUT,">normal.csv");

$val1=0.0;

for($i=1;%i<=%npt;$i+t+) {
$x1=rand;
$x2=rand;

H—RELBZF ER D MmICE
$9=sqrt(-2.0*$kT*Llog($x1))*cos(2.0*$pi*$x2) ;
$p=sqrt(-2.0*$kT*Llog($x1))*sin(2.0*$pi*$x2);
$H=0.5*$qg**2+0.5*$p**2;
$val1+=%H; HEARRIZBIT 52 IRILF—%F Y
if($i % 100 == 0) {

printf(OUT "%d,%f¥n" ,$i,%vall1/%$1);
b
>

27




SR MIREIF D5 S (3)

0 2000 4000 6000 8000 10000
Number of samples

» HERIE<H> = 1ITRBRNRTHIEA LN D

28



—HRELEK

BARRDELEEQA)

0.9¢

0.8

0.7¢
0.6
0.5¢
04r
0.3}
0.2¢
0.1r

RESMER |

~
7

~

A

0= )

Wp()

2 0

2

4

ERSMICHESELRICE R

g(xi):yi’

X =9"(y,)

29



BREOHEEEL(2)

b@?’:ﬁ'&li?ﬁﬁﬁj\ TR ETERIRELIGFE D H
374

_125“/\?’&5&%30)%’“ L B S S E1E] ¢3|5
LB RS HHEE .O)Fﬁl{gﬁ?ﬁ\?ﬁ%ﬁf&@f RIED
Fﬁaﬁﬂ’éﬁ’i*ﬁﬂq ZETE TELLY

. f(s NEEHENKELV=OHEMIZLETETSE
F 1)

fiﬁ%

| ﬁ-

MarkoviEEHZFIFHT %

30



Markovi&E §8

o« IREEIDVDINEE[TER

B HERT,

~— T .
P
K ///Z TTj
|

T BHEET TS
BIZRIDIRNEIDFE
MEZLETHE B
BIRDIRRE]DIFTLHE
KL, LTTRIND
p?=Z}fmj

. Et- BRERIZLT

Ziml=9
Z}ﬁzl

31



Markov:EFH DB (1)

ICEDHD

e JREEM2DERTE
« BREREZLTODES o

0.4
Ty = 0.6 M, = 0.4 i os

(j: Li &) 3|ﬁ AE 1 ' — & ) 7'; 0 2000 4000 6000 8000 10000

I AHEIRREEL, KEE2

DEEERTHR
o] fa A3

X

ATVTH

DFS

32



Markov; ‘f‘* DI (2)

e [ZLHHIVIKAE2
THHoTHREL
FEMERIZILEER

0.9
0.8

Bil-oe i?v_,..__
05
%04 #&&l

0.2
0.1
0

—

s Ll
—l{k AED
7N

0 2000 4000 6000 8000 10000

ATYTE

e IRERLF-EXFETIEZARERXp = prEiml=9
« FHEEZRpIX. ERITIHTORBEAANIRIL

—>%5F§ 5” 75\/;%—

th(i_ = E’J‘u/k-:é

33



Metropolis®D A% (1)

« FEMEENMNHEIZERITIZERDHT=L

« FHEIVEULARYILTIEp = prARKYILD
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Langevin dynamics

» BBORBHFARFICEHELTIRILF—
XI5
— [RFMTE FFIE, BB RILE—DNEkIT, [
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« BEJAHIE

ma = F(x)—yv+R(t)
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o SURLARIE UTZEMEIZT
(R(t))=0, (R(t)-R(t'))=6ksTys(t-t)

Rt
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« Van der WaalstE BE{EAHT 5 ZHIFHRD U=
aL—<32 (vdw_langevin.pl)

$natom=4; # Number of particles M 2 A 332 R B 4\

$width=10.0; # Width of initial EE’JI?}L# ODEE mrx_nﬁ
particle distribution | 01

$fcap=1.0; # Force constant for 0.09 M ————
spherical boundary 0.08 :‘ \ MoiteCarIo

$sigma=1.0; # Atom radius 0.07

$epsilon=1.0; # Well depth 0.06 /

$mass=1.0; # Atomic mass 0.05

$nstep=100000; # Number of MD steps 0.04

$nsave=100; # Frequency of saving 0.03
trajectory 0.02

$dt=0.001; # Time step o1 LA N

$seed=180621; # Random seed 0 _J{

$gamma=10.0; # friction coefficient ©Ommm©Omomannn® N d

$kT=1.0; -y " =33 & 3

EEIARILEY—
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