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FEEREBTRIELGD 7 4 7 AV FBD L TNIARETHES L, X (3.6) OLMITEEIRED FFH DU
NOEZER L7 DT, AHIZNGOREIZNEENLEZDOTH L, ZORKIIBWT, HHD
747 AV PRI RIZETNRETHEAL TE O, BRI TRIEEHR Y o5 mEichs L
Tu)%o
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KX 3.6: fiiv>7 4 7 X v b OEHERIRIEICE T 2045, C ORERIREZ RS 720086 IKFEHT NS BT 5, i ORIX
W2 WHEFER Lo T, RiFmMmuiinzg, FidsHviihzng,

332 FHHNLBEZDT « XY NOZEFRRREICE T2 HNDE

RN RBEE Tk, 220D7 754774 7 XY b D07BIC - BIFHEZ R L 72, X (3.7) ©
N Z OO RFEORNOEZ KR L72bDTH D, HAHIZZDOMNGORE I ZRNBIRALILbDT
Hb, SO REELEZRE LN, ML S ICHETZ Lz, 22074 7 AV FBHEELTWS
L2 ATIREAZICHEITEN, %74 7 2 b OSOHIOIGCIRFADA R E IS T» 3,

7 AN
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SN

X 3.7: RIS D7 4 7 X v b O BEREBICK T 20N, AOMEHRG 2 NBFRR LS 0T, RILR
Wiz, HiRR¥EVifinz Ry,
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333 ZENBEOLREMDEMN

RN BRI DT 7574 774 7 AV MICBWT, ZEMNL BEDPEK S NnES T2 2 L 2%D
ote, ZORBEOLEEEZE—XITEH S HOBE» ORI L 72, X (3.8) D& 9 % “RIFICEWT,
REDT7 4 FRAV I 27 4T AV A HOZ 747XV FBELT, ZNENDT7 4 7 AV PE=X
ZZNZN1 ~4THESTOT L, FARBEINETT 2 5% 8T/, 2 U TEE 2 5 M % FEE 51
EEFL 7,

745XV FA
a3a.4
a1a:. i
® =}
®e 5
&Tsm % A

4'-- b3 b

747X7FB

3.8: "ERHEICBITIA 20D 74 7 AV FE2DODSFADERE

COREICECTHE—RIB . FEHAMEA, JRERIIR, RV T4 v IR T7v e v, N2R
Ty X VICHRET 2 %2 ZNETN2 HACHRLIZEZATOER (3.1) LHickoT,
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& 3.1: “EFHEDOLENED T

SRy Wk | |mESA | ETHAE | E-X LR | mES | ETAT
al IRES -0.21 0.61 || bl IINES 0.30 0.70
L-J 0.00 0.00 L-J 0.00 0.00
bend 0.00 0.00 bend 0.00 0.00
N2 0.00 0.00 NI 0.00 0.00
el -0.21 0.61 Al 0.31 0.70
a2 HES 0.02 0.19 || b2 iNES -0.06 0.18
L-J 0.00 0.00 L-J 0.00 0.00
bend 0.00 0.00 bend 0.00 0.00
N2 0.00 0.00 INF 0.00 0.00
Haf 0.02 0.19 fraf -0.06 0.18
ad NG 0.09 0.10 || b3 HIHES -0.12 0.07
L-J 0.00 0.00 L-J 0.00 0.00
bend 0.00 0.00 bend 0.00 0.00
N2 0.00 0.00 INF 0.00 0.00
el 0.02 0.19 Hrat -0.12 0.07
a4 IHES 0.10 0.08 || b4 DiINES -0.11 0.05
L-J 0.00 0.00 L-J 0.00 0.00
bend 0.00 0.00 bend 0.00 0.00
N2 0.00 0.00 INF 0.00 0.00
aal 0.10 0.07 faf 0.10 0.05
747X A At -0.01 098 || 747X~k B | &t 0.13 1.00

HROGNFZ 02, FRIERAEHEER %, L-J 3HEREREIE %, bend ZRVY T4 Y I RT vy v
W NEPFNZFRT Y Y LEHODOT, 74742 F BIEETHAO%Z 1 & LTHKBML %,
WAET, $RXRTOE—RZE W TRAHAEHB XN TH 2 2 L3bh 5, £1ETRT FLicon
T, BEOEIZD 20538 TOE—AWET A ZZ T T 5 2 EbhroT,

FRBEERT PVIZOOTIEFAIL 74 7A Y FOHFTHE=RIC > THE - KEIVERL S DT
(3.9) TEL %,
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EDLIE7 4 A MREEEDS FRIICKELRNZFZITT0wE, LT, D749 X b7 47X
v NEEDEEN S RN EZT ., O S BROBESHRO» SN = RZERERNEZIT TS,

3.4 #IHRECH & ERTTEME DBIFR

Hifiii (3.2) OFMHEIE, FTIRBEI N/ 2D0DT7 774774 7 XY FMZOWTTo 7, fit\> T, FU
32 X 2 DOFOFICT VFLICIEINZ2DOD7 4 7 AV MZOWTEHHRZ L7 & 25, FATRIED T
HOR N &) BELYE - BITEEREH S Nk, 22T, 747X FOWIHIREICE T 3
Bl - B2 EE AL 52 CO L HEENE L 6N, Ko TRD LI RitHEE{To7%, BiDY 22
L—ya v ERU &9, 32[a] x 32[a] DFFDOHIICHIIE ba 2B THATIC2DDT 7747747 4
VEEBELZ, 2205, RHEDT7 75477472 DA% 0 25 90° £T10° $OMHT 7%,
EOVERTHI T 2 72 O ICIRFIRGEICN § 2 O R 2R L, 2hEnrs 7 717 ay + L, HO
ARECT DV L BEA T, BT 4 7 X0 RGBS D7 4 F X MITRHLTIDY T2 L —
varveEirolk,
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342 HEOEESDT7IT14T 747XV K

FIOBE D7 754 774 7 XY MCBEFHHRIZN (3.12) Dk Hicko7, 0° , DF h5EekT
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41 &K - REERDERES

SRIOMET, FEDBHIZFFOT 7574 774 7 Ay MIBEIREZE-> CREEL 72 ) . RiFHE
ZEOTHIBEBIL 72D 32 2 L%bh ok, 2o OBIRIEH X DM mxf 2OD7 47 AL
DNECITHLEL . B DHIRIEATTH 5 L) i L WEL RS 272§ WKEWTOARERT S Z
ERbhrot, 7V MHHARIE L 72 5% szkob)“ctipd)xffiibi?&b)tcﬁ"{fﬁf:éfﬂtwo Lo THAEM 2
EDEBEDT 7547747 A MIBWT, BRICZOREDRZ 2 2 L13E 212w, SHoif%ET
X, 74 7 X FEOWREHAER ZERCTIRE» oD% Z T 2w EREL, L L, SEoHko
SRR DN EDBFET UL Z ORI TRREED H 2 L FEZ 6N Dd, Zo DS 7 4 T 2
YEZRFEICHAICHIZ 213726 227U, —BECERERZERTSEEZONS,

42 “ESHRBEOREEICEITZIEER

AETRZENHEICB T 28— AR 2 JOWRER, £/Z2D/OREI LAEITOVTHEE
5,

RSB T IRERBIERO7 4 TA VY PCEBWTOABENLDT, RvT4 v
RT VT2 VKD NTOWENRREVWEEZNS, L2 LR RICK 2L, FE—ABRZIT 2
NDH) BHRAEHEENICE 2D DNLWNT, XV T4 VIR Ty v VICTHET 2 HIE2ED O
1074 ~ 1075 BE L /NI Vv, Ledio T, ZREDHI S VL E LT 2 REICE W CEITARMHE IEH
DX E L TE6WTW»E I Ebrolk, LAL—HT, t=158[r] ICTDOELPWVT 4 T X
Y F TR REBEDEN, ZOBBEL TV, 2226, TEREORERETIEIRV T4 v
TRT e VOEFEGIZNSOHOD, BHGBRICE W CFEEARE 2 R 7T LiEETE 5,

Fro, MEFANCKE—APRZF 2 HZ2MLICHEZ LHTBEINTuR V), REBEIHNLTL
FwzHcEbnd, L2rLE74 7 AV FEEKELTHRSZ E 0IGEWEICESTED, 747XV e
BETREBIDESTREI RS, FLZNETNDT7 4 7 AV FTal & bl EAMT, BEHTD
E— R hD 30D E =X E KGR EFANT W, ZHUET7 4 7 AV FDHD35 9 & T2 10T
L2 EWbhD, KFETERY T4 VX DN 0IEL 7D, 74 7 AV FBHMRAH) £33
RY T4 TONRINEZIWHTEEEZ NS,
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43 SEOYZIa2L—Ya Y TEZTWRLWER

SN I alb—varyTlEd, 74 7 XY FEEBECOFRMBHENHZ BT o 0 1% —Y)5z 1
BWEEZ, LarL, UMEE 797 VEFIZEICLTVRADTZ74 7 XY FORZIICIGLTCINE
ZIRT 2LENH B, — WIS, DNSOPERIZE TS5 VEBIOWENKE D, MEDIE 1075[m] @
A== T, 77 vE#E HRRNCHAANZBERH 27255, —HTEFT7 2UF 1073 [m] &
BDOA—5— O TREL THRMELR VS 9,
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747 AV PEDBROLDITHRTESP SR, KDREORVY T4 VIR T vy v VT BERES
BERER oS LEZ NS,
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AHAETIE, SETEEINTORLSLT 7 T4 728 —OFMMEICEH L TERICE T 2861 -
B 7 T —F L, R ERT2-0ICBlfiz o7 2754 7749 A Y FEEKL, 30
DP V54 TE—RCERINIABELZLERICHE >Ry T v I RF vy L2 lvik, Xy Fa v 7R
TYTXYNDREO, BT 7T 47747 R 2T & ARRICHTICOIRGE L 72 £ 25,
LIRE 3 2 B ER S e, L LR 7 «+ 7 A v PRILBKFE LN TL £57%2, RICEKLD
W74 IAYFTHEHBEDY T2 —vavE Ll s, BHECBWT74 7 AV FPEFELTLE W
ZNPU RS ol T, W7 47XV R ERLEDPWVT 4 T AV POHFDORSLIDT 4 7
AvbMwicElh, FEA VFEO RBEZR Lo 2 2 L illEsEi§ 2 2 Eibho T,
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BHAICB VT, TXRTOE— AR RBEOMET I 2RI T, BELTEICEVWTIET 4 7
AV IFATE—RTLICRIT A TIDIME « RESIVRLZ ST, L2LAEDPS 747 A MakThis Lk
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DELDT VT4 728 —DRTaHEEZIT) LB TFoNns,
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AWFFECIERR « I L 722 — F2 UM ICE#Ed %,

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

#include <math.h>

[IPOT4T 74240 - FADRE

#define Box_size 32 //F1HEI %% (EAK) O—il
#define Polymer_N 2 //RUN—0D#

#define Beads N 4 //1DDRUN—DE—XDH
#define Spring_length 1.0 //E—XED/N\XDRE

/FTERE

#define dt 5.0%pow(10,2) //FtEZIHIE

#define Timestep_N 5000000 //FtE[E#K

#define Observe_step 20000 //E/DTHRIEBEEICE T DHRERFE DL AIE

#define PI 3.141592

[IRTY v IILDINTGA—5 —18E

#define Force_magnitude pow(10,-8) //Active particle DHDEE
#define gzai pow(10,-3) //#ilE{R¥K

#define INVgzai 1.0%pow(10,3) //#hIEFREIDFEK

#define K1 1.0%pow(10,-7) ///\R{REK

#define Max_length 1.3 ///\XDH\EARS

#define Epsiron 1.0%pow(10,-21) //L-JIRT V¥ v )LDIRILF—{RE
#define sigma 1.0

// 11— —TFE&BEHK

29
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double
double
double
double
double
double

dtc(double ox,double oy,double bx,double by);

yflow(double ox,double oy,double bx,double by,double yogen,double seigen);
xflow(double ox,double oy,double bx,double by,double yogen,double seigen);
Brownmotion(double mu,double bunsan);

BendingForce_X(double x1,double y1,double x2,double y2,double x3,double y3);
BendingForce_Y(double x1,double y1,double x2,double y2,double x3,double y3);

//***************************************************************************

int main(){

//77AIDEBIZERET
FILE *£p0;

int filenumber;

char Absolutelypath[128]="/nfs/maxhome00/shimada/201827/Data_" ;

char extensionname[12] = ".txt";
char timename[64]= "20180113_JJ_";
char fnamel[128],fname2[128],fname3[128] ,fname4[128];

filenumber=0;

sprintf (fname0, "%s%s%d%s" ,Absolutelypath2,timename,filenumber,extensionname) ;

filenumber=1;

sprintf (fnamel, "%s%s%d%s" ,Absolutelypath,timename,filenumber,extensionname) ;

filenumber=2;

sprintf (fname?2, "¥%s%s%d%s" ,Absolutelypath,timename,filenumber,extensionname) ;

filenumber=3;

sprintf (fname3, "%s%s%d%s" ,Absolutelypath,timename,filenumber,extensionname) ;

filenumber=4;

sprintf (fname4, "¥%s%s%d%s" ,Absolutelypath,timename,filenumber, extensionname) ;

//**************************************************************************

int m,n,p,q;

srand ((unsigned int)time(NULL)); //EEHKESIES

//FFEDERZ 7 7 AILICEEAND
fpO=fopen(fnamel,"w+");

fprintf (fpl," AT v 7#=%d\n" , Timestep_N) ;
fprintf (fp1,"dt=%f\n",dt);

fclose(fpl);

double x[Polymer_N] [Beads_N],y[Polymer_N] [Beads_N];
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int scheme=0;

while(scheme<N){ //N[E|EE%ZT 3

//Z D scheme TOBHRZ 7 7 A ILICEZTET

double Bending K= scheme * pow(10,-10); //NVT 4 VIV HRBDEZZEZBRNSEHE
fpO=fopen(fnamel,"a+");

fprintf (fpl, "scheme=%d\n",scheme) ;

fprintf (fpl,"N> 7 1 > % K=%e\n",Bending_K) ;

fclose(fpl);

//EAEE D TE, TEICIHU THTERE - HIT20RE - TV Y LRBERED 3 DEFEVRITS
//TFTICECET 255
for (m=0;m<Polymer_N;m++){

x[m] [0] = 13.5 + 5.0*m; y[m][0] = 17.5;

//2 DBDE—XDEEE

double radl = (double)rand() * PI /180.0;

x[m] [1] = 13.5 + 5.0*m; y[m][1] = 16.5;
//3D2EDE—XDEE
x[m] [2] = 13.5 + 5.0*m; y[m][2] = 15.5;
//4DEDE—XDEZ
x[m] [3] = 13.5 + 5.0%m; y[m] [3] = 14.5;

//BETZEERYVHEEB, 1 207147 XAV NDH 10° T DMEIF %,
x[0][0] = 13.5; y[0][0] = 17.5;

x[0][1] = 13.5; y[0][1] = 16.5;
x[0]1[2] = 13.5; y[0][2] = 15.5;
x[0][3] = 13.5; y[0]1[3] = 14.5;

x[1]1 [0] = 18.5+2xsin(PI*scheme/18.0); y[1][0]
x[1][1] = 18.5+sin(PI*scheme/18.0);  y[1][1]
x[1]1[2] = 18.5-sin(PI*scheme/18.0);  yl[1][2]
x[1]1[3] = 18.5-2*sin(PI*scheme/18.0); y[1][3]

16.0+2%cos (PI*scheme/18.0);
16.0+cos (PI*scheme/18.0);
16.0-cos(PI*scheme/18.0);
16.0-2*cos(PI*scheme/18.0);

/174 A N EZ VY LMCHIERET

for (m=0;m<Polymer_N;m++){

x[m] [0] rand()% Box_size + (double)rand()/(RAND_MAX+1.0);
y[m] [0] = rand()% Box_size + (double)rand()/(RAND_MAX+1.0);
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//22B0DE—XDEEE

double radl = (double)rand() * PI /180.0;
x [m] [1]
y [m] [1]
//3D2BDE—XDEEE

double rad2 = (double)rand() * PI /180.0;
x[m] [2]
y [m] [2]
//4DEDE—XDEE

double rad3 = (double)rand() * PI /180.0;
x[m] [3] = x[m] [2] + Spring_length *cos(radl);

x[m] [0] + Spring_length *cos(radl);

y[m] [0] + Spring length *sin(radl);

x[m] [1] + Spring_length *cos(radl);

y[m] [1] + Spring_length *sin(radl);

y[m] [3] = y[m] [2] + Spring_length *sin(radl);
}

//*****************************************************************

//BERICEITDRNDOEE

/I FNEFETES BRDER

double xclc[Polymer_N] [Beads_N],yclc[Polymer_N] [Beads_N];

double Nobi_x[Polymer_N] [Beads_N], Nobi_y[Polymer_N] [Beads_N];

double Dist_bead[Polymer_N] [Beads_N];

double cosainl[Polymer_N] [Beads_N],cosain2[Polymer_N] [Beads_N];
double sinel[Polymer_N] [Beads_N],sine2[Polymer_N] [Beads_N];

double nobil[Polymer_N] [Beads_N] ,nobi2[Polymer_N] [Beads_N];

double Bending_Fx[Polymer_N] [Beads_N],Bending_Fy[Polymer_N] [Beads_N];
double vctx[Polymer_N] [Beads_N],vcty[Polymer_N] [Beads_N];

double CentreDistance[Timestep_N/Observe_step];

int step=0;
while(step<Timestep_N){ //FFE#EFEDRE

//BEHORFR EICH DT 4 T XY NDEEDILIEZT 3
//xclc,yclc (FETERDEE, x,y IFERICEHTET 2 EE
if (step==0){
for (m=0;m<Polymer_N;m++){
for(n=0;n<Beads_N;n++){
xclc[m] [n]=x[m] [n];
yclc[m] [n]=y[m] [n];
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}
else{
for (m=0;m<Polymer_N;m++){
xclc[m] [0]=x[m] [0];
yclc[m] [0]=y[m] [0];
for(n=0;n<(Beads_N-1) ;n++){
if (x[m] [n+1]-xclc[m] [n]<-1*(Box_size/2.0)){
xclc[m] [n+1]=x[m] [n+1]+Box_size;
}
else if (x[m] [n+1]-xclc[m] [n]>(Box_size/2.0)){
xclc[m] [n+1]=x[m] [n+1]-Box_size;
}
else{
xclc[m] [n+1]=x[m] [n+1];

if (y[m] [n+1]-yclc[m] [n]<-1*(Box_size/2.0)){
yclc[m] [n+1]=y[m] [n+1]+Box_size;

}

else if (y[m] [n+1]-yclc[m] [n]>(Box_size/2.0)){
yclc[m] [n+1]=y[m] [n+1]-Box_size;

}

else{
yclc[m] [n+1]=y[m] [n+1];

/174 XY NDELERZETET S
double xcO, xcl,ycO,ycl;
if (step%0Observe_step==0){

xc0 = (xclc[0] [0]+xclc[0] [1]+xclc[0] [2]+xclc[0][3])/4.0;
yc0 = (yclc[0] [0]+yclc[0] [1]1+yclc[0] [2]+yclc[0][3]1)/4.0;
xcl = (xclc[1]1[0]+xclc[1][1]+xclc[1][2]+xclc[1]1[3])/4.0;
ycl = (yclc[1] [0]+yclc[1] [1]+yclc[1] [2]+yclc[1][31)/4.0;

CentreDistance [step/Observe_step]=pow(xc0-xcl,2)+pow(ycO-ycl,2);



iE. 34

//E—XDADEEZEZS
double seigen[Polymer_N] [Beads_N], yogen[Polymer_N] [Beads_N];
for (m=0;m<Polymer_N;m++){
for(n=0;n<(Beads_N-1) ;n++){
seigen[m] [n]=(yclc[m] [n]-yclc[m] [n+1])
/dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n+1],yclc[m] [n+1]);
yogen [m] [n]=(xclc[m] [n]-xclc[m] [n+1])
/dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n+1],yclc[m] [n+1]);
}
seigen[m] [Beads_N-1]=seigen[m] [Beads_N-2]; //—BEREBEDHNFDHDMAE
F—2RDbDZERU EE R T
yogen [m] [Beads_N-1]=yogen [m] [Beads_N-2] ;

//BEETOT7O—DFHE
for (m=0;m<Polymer_N;m++){
for (n=0;n<Beads_N;n++){
vetx[m] [n]=0.0;
vety [m] [n]=0.0;
for(p=0;p<Polymer_N;p++){
for(q=0;q<Beads_N;qg++){
if (m==p){
continue;//E—XIZBBICKDMNOEEZEZ (TR
}
else{
vetx [m] [n]=vctx [m] [n]+xflow(xclc[m] [n],yclc[m] [n]
,xclclp] [q] ,yclc[p]l [q],yogenlp] [q],seigen(pl [ql);
vety [m] [n]=vety [m] [n]+yflow(xclc [m] [n],yclc[m] [n]
,xclc[p]l [q],yclclpl [q] ,yogenlp] [q],seigen(p] [q]);

[/ F Kk ko ok ok ko sk ok ok sk ok sk ok ko sk ok ok ko ok ko sk ok sk ok ok ok Kok ko ok Kok okok Kok ok ok / /
/174 AV RDERRT Y vILEFET S
for (m=0;m<Polymer_N;m++){

/1714 ZAY RO T DEDOE—IHREL ZHO

cosainl[m] [0]=(xclc[m] [0]-xclc[m] [1])
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/dtc(xclc[m] [0],yclc[m] [0],xclc[m] [1],yclc[m] [1]1);
sinel[m] [0]=(yclc[m] [0]-yclc[m] [1])
/dtc(xclc[m] [0],yclc[m] [0],xclc[m] [1],yclc[m] [1]);
nobil[m] [0]=dtc(xclc[m] [0],yclc[m] [0],xclc[m] [1],yclc[m][1])
-Spring_length;
Nobi_x[m] [0]=nobil[m] [0]*cosainil[m] [0]; //BU'®D x K7D
Nobi_y [m] [0]=nobil [m] [0]*sinel[m] [0]; //{RTU'D y mLH

[17AZAXAYRHAD2, 3DEDE—XHRL 2HV
for (n=1;n<=2;n++){
cosainl[m] [n]=(xclc[m] [n]-xclc[m] [n-1])
/dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n-1],yclcm] [n-1]);
sinel [m] [n]=(yclc[m] [n]-yclc[m] [n-1])
/dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n-1],yclc[m] [n-1]);
nobil[m] [n]=dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n-1],yclc[m] [n-11)
-Spring_length;

cosain2[m] [n]=(xclc[m] [n]-xclc[m] [n+1])

/dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n+1],yclc[m] [n+1]);
sine2[m] [n]=(yclc[m] [n]-yclc[m] [n+1])

/dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n+1],yclc[m] [n+1]);
nobi2[m] [n]=dtc(xclc[m] [n],yclc[m] [n],xclc[m] [n+1],yclc[m] [n+1])

-Spring_length;

Nobi_x[m] [n]=nobil [m] [n]*cosainl[m] [n]+nobi2[m] [n]*cosain2[m] [n];

Nobi_y[m] [n]=nobil[m] [n]*sinel[m] [n] + nobi2[m] [n]*sine2[m] [n];

/174 A NFDA4DEDE—XDEY
cosainl[m] [3]=(xclc[m] [3]-xclc[m] [2])
/dtc(xclc[m] [3],ycle[m] [3],xclc[m] [2],yclc[m] [2]);
sinel[m] [3]=(yclc[m] [3]-yclc[m] [2])
/dtc(xclc[m] [3],yclcm] [3],xclc[m] [2],yclc[m] [2]);
nobil [m] [3]=dtc(xclc[m] [3],yclc[m] [3],xclc[m] [2],yclc[m] [2])
-Spring_length;
Nobi_x[m] [3]=nobil[m] [3]*cosainl [m] [3];
Nobi_y[m] [3]=nobil[m] [3]*sinel[m] [3];

//RDIARVODS FENE RTV Vv ILEETET S

for (m=0;m<Polymer_N;m++){
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for (n=0;n<Beads_N;n++){
FENE_X[m] [n] = K1 * (Nobi_x[m] [n]*pow(Max_length,2))
/ (pow(Max_length,2)-pow(Nobi_x[m] [n],2));
FENE_Y[m] [n] = K1 * (Nobi_y[m] [n]*pow(Max_length,2))
/ (pow(Max_length,2)-pow(Nobi_y[m] [n],2));

[/ F Rk ko ok sk ok sk sk ok ko sk ok ok ok sk sk ok ko sk ok sk ok ok ko sk ok sk sk ok sk ok sk ok sk ok ok ok ok
/LI RTY v LEEtET %
double Fljx[Polymer_N] [Beads_N], Fljy[Polymer_N] [Beads_N],Flj;
for (m=0;m<Polymer_N;m++){
for (n=0;n<Beads_N;n++){
Fljx[m] [n]1=0.0; Fljy[m] [n]=0.0;
for(p=0;p<Polymer_N;p++){
for(q=0;q<Beads_N;qg++){
if (m==p&&n==q){
continue; //BRBEREHEITSILZEITS
}
double beadsdtc = dtc(xclc[m] [n],yclc[m] [n]
,xclclpl [q],yclclpl[ql);
if (beadsdtc-pow(2,1/6)*sigma > 2.0){
//51NIFER. RERLDIEVWFADHZEZD
continue;
+
double cosain = (xclc[m] [n]-xclc[n2] [n3]) / beadsdtc;
double sain = (yclc[m] [n]-yclc[n2][n3]) / beadsdtc;
F1j = 4.0 * Epsiron * (12.0 * pow(sigma,12)
/pow (beadsdtc,13)-6.0*pow(sigma,6)/pow(beadsdtc,7));
Fljx[m] [n]= Fljx[m] [n] + cosain * F1j;
Fljy[m] [n]= Fljy[m] [n] + sain * F1j;

//*******************************************************************
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[IRYT AV TRT 2w LOGFE

for (m=0;m<Polymer_N;m++){
double ulx=xclc[m] [1]-xclc[m] [0];
double uly=yclc[m][1]-yclc[m] [0];
double uls=sqrt(pow(ulx,2)+pow(uly,2));
double u2x=xclc[m] [2]-xclc[m] [1];
double u2y=yclc[m] [2]-yclc[m] [1];
double u2s=sqrt(pow(u2x,2)+pow(u2y,2));
double u3x=xclc[m] [3]-xclc[m] [2];
double u3y=yclc[m] [3]-yclc[m] [2];
double u3s=sqrt (pow(u3x,2)+pow(uly,2));

double cosainl=(ulx*u2x+uly*uly)/(uls*uls);

double cosain2=(u2x*uldx+u2y*uly)/(u2s*u3s);

double Fix = 2*Bending_K*(cosainl-1.0)

/ (uls*u2s) * (u2x- (ulx*u2x+uly*u2y) /pow(uls, 2) *ulx) ;
double Fly = 2#Bending_K*(cosaini-1.0)

/ (uls*u2s) * (u2y- (ulx*u2x+uly*u2y) /pow(uls, 2) *uly) ;

double F2x = -2#Bending_K*(cosainl-1.0)

/ (uls*u2s) * (ulx- (ulx*u2x+uly*u2y) /pow(u2s,2) *u2x) ;
double F2y = -2#Bending_K*(cosainl-1.0)

/ (uls*u2s) * (uly- (ulx*u2x+uly*u2y) /pow (us, 2) *uy) ;

double F3x = 2*Bending_K*(cosain2-1.0)

/ (u2s*u3s) * (u3x- (u2x*u3dx+u2y+*u3y) /pow(u2s, 2) *u2x) ;
double F3y = 2*Bending K*(cosain2-1.0)

/ (u2s*u3s) * (u3y- (u2x*uldx+u2y*uly) /pow (u2s,2) *u2y) ;

double F4x = -2*Bending_K*(cosain2-1.0)

/ (u2s*u3s) * (u2x- (u2x*u3x+u2y*uly) /pow (u3s, 2) *u3x) ;
double F4y = -2*Bending_K*(cosain2-1.0)

/ (u2s*u3s) * (u2y- (u2x*u3dx+u2y*uly) /pow (u3s, 2) *u3y) ;

Bending_Fx[m] [0]=F1x;
Bending_Fy[m] [0]=F1y;
Bending_Fx[m] [1]=F3x-F1x-F2x;
Bending_Fy[m] [1]=F3y-F1y-F2y;
Bending_Fx[m] [2]=F2x-F3x-F4x;
Bending_Fy [m] [2]=F2y-F3y-F4y;
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Bending_Fx[m] [3]=F4x;
Bending_Fy [m] [3]=F4y;

[ [ Kok ok sk ok ok ok ok sk ok ok ok o ok ok ook ok K ok ook ok oK oK o sk ok o sk ok K ok o sk ok o oK o K ok sk ok K ok o oK ok o oK ok Kok oK ok oK oK ok oK
double Fbmotion[Polymer_N] [Beads_N],Fxbmotion[Polymer_N] [Beads_N]
double Fybmotion[Polymer_N] [Beads_N],rad[Polymer_N] [Beads_N];
double FENE_X[Polymer_N] [Beads_N],FENE_Y[Polymer_N] [Beads_N]

double dx[Polymer_N] [Beads_N],dy[Polymer_N] [Beads_N];

/1720 VBEICE BT VY LN, SEIFFE> TLRL
for (m=0;m<Polymer_N;m++){
for (n=0;n<Beads_N;n++){
rad[m] [n] = (double)rand() * PI / 180.0;
Fbmotion[m] [n] = Brownmotion(0,2.153*pow(10,-16));

Fxbmotion[m] [n] Fbmotion[m] [n] * cos(rad[m] [n]);

Fybmotion[m] [n] = Fbmotion[m] [n] * sin(rad[m][n]);

/ /3=
for (m=0;m<Polymer_N;m++){
for (n=0;n<Beads_N;n++){
dx[m] [n] = dt =*( vctx[m] [n] + INVgzai*(Fljx[m] [n]
/*+ Fxbmotion[m] [n]*/ + Bending Fx[m] [n] - FENE_X[m] [n]));
x[m] [n] = dx[m] [n] + x[m] [n];
dy[m] [n] = dt *( vectylm] [n] + INVgzai*(F1ljy[m] [n]
/*+ Fybmotion[m] [n]*/ + Bending Fy[m] [n] - FENE_Y[m] [n]));
y[m]l [n] = dy[m] [n] + y[m] [n];

//BEDKRICEWTE—IANRF2HEHNTET 71
if (step==""FB UcWAT v 7#"){
fpl=fopen(fnamel,"w+");
fprintf (fp1," A7 v 7=d\n",step);
for (m=0;m<Polymer_N;m++){

for(n=0;n<Beads_N;n++){
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fprintf (fp1,"%d%d\n" ,m,n) ;

fprintf (fpl,"Fluid %f\t%f\n",vctx[m] [n],vcty[m] [n]);

fprintf (fp1,"L-J %f\t%f\n",Fljx[m] [n],F1ljy[m] [n]);

fprintf (fpl,"Bend %f\t%f\n",Bending_Fx[u] [n],,Bending_Fy[m] [n]);
fprintf (fp1,"FENE %£\t%f\n",FENE_X[m] [n],FENE_Y [m] [n]);

}
fclose(fpl);

for (m=0;m<Polymer_N;m++){
for(n=0;n<Beads_N;n++){

/TR DOBERABDNMTHT VSR FZELE
if (x[m] [n]>Box_size){

x [m] [n]=x[m] [n] -Box_size;
}
if (x[m] [n]<0.0){

x[m] [n]=x[m] [n]+Box_size;
}
if (y[m] [n]>Box_size){

y [m] [n]=y [m] [n]-Box_size;
}
if (y[m] [n]1<0.0){

y[m] [n]=y [m] [n]+Box_size;

/17 7AIVICERZEEHT

if (step==Timestep_N/20){ //RIWHERMBICKE T2 EE—XDEEZHEH
fp3=fopen(fname3, "w+") ;
for (m=0;m<Polymer_N;m++){
for(n=0;n<Beads_N;n++){

fprintf (£p3,"%£f\t%£\t0.0\n" ,x[m] [n],y[m] [n]);

}
fclose(fp3);
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step++; //BEZHED S

//EDED T 7 A ILADEEAH
if (scheme==N){ //scheme DMEICL > TRV T 1 V7 K DIEHIRE S
fp4=fopen(fnamed, "w+");
for(n=0;n<(Timestep_N/Observe_step) ;n++){
//Observe_step DfEM & ICED_EEHMEEZTHT
fprintf (fp4,"%d\t%f\n" ,n*0Observe_step,CentreDistance[n]);

}
fclose(fp4d);
}
scheme++;
}
return O;

//******************************************************************************************

/11— —EEXBEDOR

//2 DDEZEDERZHET S
double dtc(double ox,double oy,double bx,double by){
double r=sqrt(pow(ox-bx,2)+pow(oy-by,2));

return r;

//(bx,by) IC (yogen,seigen) ZMHWTWBE—INH D8, STEEIZE (ox,oy) IKHIF S x -y AAD
nzst892%
double yflow(double ox,double oy,double bx,double by,double yogen,double seigen){
//ox,oy IFETEEEIZE, bx = 0.5,by £ 0.5 Ic force h'$H 3
double fxd= Force_magnitude*yogen, fyd= Force_magnitude*seigen;
double fxu= -1.0*Force_magnitudex*yogen, fyu=-1.0*Force_magnitude*seigen;
double Flow,Flow_up,Flow_down,Dis_up,Dis_down;
Dis_up=sqrt (pow (ox-(bx+0.5*yogen) ,2) +pow (oy- (by+0.5*seigen) ,2));
Dis_down=sqrt (pow(ox-(bx-0.5%yogen) ,2) +pow(oy-(by-0.5*seigen) ,2));
Flow_up=(fyu/Dis_up)+(oy-(by+0.5*seigen)) * (fxu* (ox- (bx+0.5%yogen))
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+fyu* (oy-(by+0.5*yogen))) /pow(Dis_up,3);
Flow_down=(fyd/Dis_down)+(oy-(by-0.5%seigen))* (fxd* (ox- (bx-0.5%yogen) )
+fyd* (oy-(by-0.5*seigen)))/pow(Dis_down,3) ;

return Flow=Flow_up+Flow_down;

double xflow(double ox,double oy,double bx,double by,double yogen,double seigen)q{

double fxu= Force_magnitude*yogen, fyu= Force_magnitude*seigen;
double fxd= -1.0*Force_magnitudex*yogen, fyd=-1.0*Force_magnitude*seigen;
double Flow,Flow_up,Flow_down,Dis_up,Dis_down;
Dis_up=sqrt (pow(ox-(bx+0.5%yogen) ,2)+pow(oy-(by+0.5*seigen) ,2));
Dis_down=sqrt (pow(ox-(bx-0.5%*yogen) ,2) +pow (oy-(by-0.5*seigen) ,2)) ;
Flow_up=(fxu/Dis_up)+(ox-(bx+0.5*yogen) ) * (fxux (ox- (bx+0.5*yogen) )

+fyux (oy-(by+0.5*seigen)) ) /pow(Dis_up,3);
Flow_down=(fxd/Dis_down)+(ox- (bx-0.5%*yogen) ) * (fxd* (ox-(bx-0.5*yogen) )

+fyd* (oy-(by-0.5*seigen))) /pow(Dis_down,3) ;

return Flow=Flow_up+Flow_down;

/1720 BEDT VYT LN EHET S

double Brownmotion(double mu,double bunsan){
double x,y,z;

rand() / (RAND_MAX+1.0);

rand() / (RAND_MAX+1.0);

sqrt (-2.0%log(x))*cos (2.0*PIxy);

X

return bunsan*z+mu;
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