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1=
2
d_g :—Eq =—0°0, o= JE D—RAEEIL.
dt m m

q(t)= Acosawt + Bsin at

d(0)=q,, dg/dt] =v(0)=0&T D&,
A=q,, B=0 &Y.

q(t)=q,cosmt, r=q,cosawt+r,
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E(r+Ar)-E(r)=E(x+Ax,y+Ay, 2+ Az)-E(x, Y, 2)

= E(X+AX, Yy +Ay, 2+ Az)— E(X, y + Ay, 7 + Az)
+E(X,y+Ay,z+Az)-E(X,y,2+Az)

+E(x,y,z+Az)-E(x,Y,2)
ZﬁAX+EAy+§AZ =VE - Ar
OX oy 0z
—AEHEIY.
E(r+Ar)-E(r)=—F-Ar
THHAN L, MEZLRLTUTEZRS

F=-VE | RFL v LIRLE—B#NEZLN ;
NIENEHETES




IRIILF—EREFR(1)

e MR MNREIRILE—DOYEYHZLLY)
TlIEARTUOURILIRILE—ELEEITRIL
F—KDFHAREFET D UEAZEIELZLY)
« EEITRILF—

1
K_—mM
. 1%T$E|J®Ttﬁﬂ
dH dK dE dV dX OE

=mv
dt  dt dt dt dt X
=mv-a-v-F=v-(ma-F)=0




I~)LF—RTFE

1 (2)

L BT (20)

P EHICHESST
S =AY
E 1 $ %j-%) Z:_%th_i_h:O
h
W =~ (-mg)dz
I[ t= 2_h1 V=- zgh
: =mgh g
ORFUUL SV SRS
P IRLF—E PRy mm
PoAtEX P E_0
? v=0 E =W =mgh ‘
RToovILIRILF—
&5 F=-mg NEDL. TDMEEIT

RILF—KAIEKRT % 10



IRIILF—RTFAI(3)

EThOEHSEX DR m

r(t)=q, cosamt +r, M
v(t)=dr(t)/dt =—qgoesin ot ¢ >

r r
E(r):—j'—k(r’—ro)dr’=E(r—r0)2

o 2

m k
= P OOF +Sfr)-
_ Mg’ kap

sin? ot + <% ¢os? ot = ko
2 2

11



STFHNEE

o HFE) S (molecular dynamics, MD) ;& Tl 7R
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HUERE % (velocity Verlet%)

O BEDEEMN HZEE

N 595
@ el @ ZQHERVTAV2E
it A 00 REEEHT S
@l @l :@EE’E LNTAL#E
DEEXETS
T @ coE@nLhEHE
|_¢ i_, 55
= FAULYTA
v(t) ? V(t+At/2) ? v(t+At) @ E%j%%&:l- ﬁ[:d——% “ﬁo)
vt+% =v(t)+@At v(t+At)=v t+% +Mm @ @ :EO—C E E’Jd)ﬂ#FEﬂ
3 i S I2E T HFETHREYIRT

13



IR F D ZaL— 3> (1)

o [FRIZ DN ST-EDEE]

E%:m m
IROES:T
EHQ@—Z@?E i
FHafREh k < p >
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- EENAHIEX DT
MHAGIEZqy. FELEEZ0ET HE.
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 $qg=%$_L[01; ($e,$f)=calc_force($q);
my $f=-%$k*$q; $v+=0.5*$f/Sm*$dt;
my $e=0.5*$k*$qg**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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0.1.0.2. 0.5, 1&FLSEHI=EENDEIRIL
F—($H) DHHAE (H, = 0.5) EDZE D #Exd
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o« FFfRIZIAZ EEH, <|H-H |>ZHtansL T

k& (oscxlsxz{EFHLTHRELY)

s BFRAZIAMNKELGSDE, <|H-H |>IXED LK
SZETHINEEE L
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Time step
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ZRFH2DIIaL— 3y

(1)

« Van der WaalstH E{EAA9T 4% AFRDI =

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=150525;

=

B~ S~ S G S S S

=

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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At H#ERIZUCSF ChimeraTRIRIE TE S

Chimera 1.10.1D7 A& 3 T I)ILY) vy et

A=a—®DITools]—IMD/Ensemble Analysis.
—[MD Movie |Z:#EiRL . Trajectory formatZ
PDB]. PDB frames contained inZ[ Single
fileJEL. Z7AILIZER SN T=Ivdw.pdb %5
E L TIOK]

BERIVZD )L TT7 —A—230% A
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EERT—REDLLER (2)
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EERT—RED L (3)

+ KRBT —FX. ERZEAIDIERBUNVELEE
D EHDIREE) DRBIZE > TRFAHED FHE (K
ROHIRERTODEHDEF)

<A>:Api, Zpizl Jox IRREID HIRfE SR

» BREOHIRERITH/=ZHILSTTITHS
pi=7" eXp(_ei/kBT) e REEID TR )L —
Z :Zexp(—ei/kBT) Z: T ECRAEK

SN/ ZAILT IS LIITREBZERT NIEIRL
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S MIREIFDIZE (1)

« FAFIRENFDIREE(q, p) DA/ =HIL 7T
2 exp{_ H (a. p)}

L

KgT

H(g, p)=——+-0a* p(q,p)=

2m 2

jexp{_kT

H (g p)}dqdp

B

AIZHEDKDITIRRE(, p)Z& &

ERLT D

- EIRINF—OFEHEZAVTHEEZTMI S

(H)=[H(q, p)o(a. p)dadp = ksT
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2095 L4

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

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

$val1=0.0;

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

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

printf(OUT "%d,%f¥n" ,$i,%val1/%$1);
>

by
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0 2000 4000 6000 8000 10000
Number of samples

» HERIE<H> = 1ITRBRERTHIEADLHD
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Markov:EFH DB (1)
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Markovs f'* Dl (2)
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Metropolis® A% (1)

s FHMEERNIOHICERITIZRDT =L
« FFHIRIYESLDRYILTIEp = peAEYILD
PiTty = PT; = Zpi”ij :ij i :szi:”ji = P
« Metropolisb [XEFMEIY S UL V\rimf=9 BT
SIELTUTZEIRE
Ty = @ if p, > p andi= |
{nij —a,(p,/p) if p;<pandiz ]

Qij = i Z“ij =1 7 :1_27%'
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Metropolisd A% (2)

EBLTVWBETFE, TOEFEFDEL.
120D K hOBENTIVS Licgs | O @Q
. - — E
% =N Efg e M AAD ® ‘g,
a; =0 BERENIHAEON Q... )

BRREODIRILT— e,j7b\ LEDRREBDIRIILF—e LY/
Fhid. 2OEBBEFRL. K=FhIE. LT ORETER

Pil P :exp[—(e. —e.)/k o |=exp(- Aej; [k oT)
FRIRESNGHI =158 E. BEDREZTHLIVIKEET S

7Ti; —1_Z7Tij :Z(aij _”ij)— Zaij(l_pj/pi)

J#i J#i j=iand
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Metropolis®D FEZZRFIREN FD RICTERT 4

EHRDOR—U M ibmetropolis.plx4 o O—k
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— BT IVEEEEIC, <H>ZHEEIZT Ay AL <H>
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metropolis.pl

$nstep=10000;
($q,%p)=(0.0,0.0);
$delta=1.0;
$kT=1.0;%$m=1.0,%k=1.0;
$delta_g=%delta/sqrt($k);
$delta_p=%delta*sqrt($m);

open(OUT,">metropolis$delta.csv");

$ave=0.0;

$H=&calc_H($q,%$p);

for($i=1;%$1<=%nstep;$it++) {
$g_new=3$qgt+2.0*$delta_q*(rand() -0.5);
$p_new=3%$pt+2.0*$delta_p*(rand()-0.5);
$H_new=&calc_H($g_new,$p_new) ;
$probability=exp(($H-$H_new) /$kT) ;

if($probability >= 1.0 11 $probability >= rand() {

$9=%g_new,;$p=%p_new,;$H=%H_new;
X
$ave+=%H;
printf(OUT "%d,%Zf¥n" ,$i,%ave/$i) if($i
X
close(OUT) ;

sub calc_H {

my ($q,%p)=a_;

return 0.5*$p*3$p/Im+0.5*$k*$q*$q;
X

HRT T
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HERL DR KIE
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HENDO714IL
HPHI TR IL X —
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% 100 == 0);

AT )LEX—EA%K
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Langevin dynamics

2ADRERFNRFICERLTTIRILF—
XIS
— [RFMTE JFFIE, BB RILE—DNEkIT, 5

UM, VAL IRILTF—5185
12 B 72

ma = F(x)—yv+R(t)
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« Van der WaalstEE{ERHT 4 ZRIFRDU=
aL—<3> (vdw_langevin.pl)

$natom=4; # Number of particles M 3 A 332 R B 4\

$width=10.0; # Width of initial EE’JI?“/# O)EE E]J*ﬁ
particle distribution | 01

$fcap=1.0; # Force constant for 0.09 M o Lamoui
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=150525; # Random seed 0 _J{

$gamma=10.0; # friction coefficient ©Omminomomannn R n

$kT=1.0; -y " =32 & 3

EEIARILEY—
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