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goobooboo20bbbobbbuoooboboboobbbouoooooooon
goood

>restart;
>with(plots):
>with(plottools):

>nmax :=300:

>with(plots):

>Fmax:=100:

>speed:=proc() evalf(lxrand()/(10712-1)); >end proc;

>init:=[[1,[2,0], [speed(),speed()], [2,3]],[2,[3,0], [speed(),speed()],
0 [1,41]1,(3,[1,0]1]1,([4,[4,0]11]:
>init;

[[1, [2, 0], [0.3957188605, 0.1931398164], [2, 311, [2, [3, 0],
0 [0.02242417046, 0.8001874845], [1, 411, [3, [1, 011, [4, [4, 0]]]

>tmp:=[]:
>for i from 1 to 4 do
tmp:=[op(tmp), [init[i] [2] [1],init[i][2] [2]]1];
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x[i]:=init[i] [2] [1];
y[il:=init[i] [2] [2];
>od:
>for i from 1 to 2 do
vx[i]:=init[i] [3] [1];
vy[i]l:=init[i] [3][2];

ax[i] :=0;
ay[i] :=0;
>od:

>pointplot ({op(tmp) },symbol=circle,symbolsize=30,color=blue);

>force:=proc(dx,dy)
>global Fmax;

local x0,r2,rm2,rm6,KK,fxij,fyij;
>x0 := -1.122462048;
>r2:=dx*dx+dy*dy;
>rm2:=1/r2/ (x0*x0) ;

>rm6 : =rm2*rm2*rm?2 ;
>KK:=24*rm6* (2*%rm6-1) *rm2;
>fxij:=KK*dx;
>fyij:=KKxdy;
>[Fmax*fxij,Fmax*fyij];
>end:

>Force:=proc()

>local 1i,j,dx,dy,tmp,]jj;
>global x,y,ax,ay;

>for i from 1 to 2 do

ax[i] :=0;
ay[i] :=0;
>od;

>for 1 from 1 to 2 do
for j from 1 to 2 do
jj:=init[i] [4] [j];
dx:=x[11-x[jj];
dy:=y[il-y[jjl;
tmp:=force(dx,dy) ;
ax[i] :=ax[i]+tmp[1];
ay[i] :=ay[i]+tmp[2];
od;

16



>od;

>end:
>Verlet:=proc()
>local ke,i;
>global x,y,ax,ay,vx,vy,dt,dt2,yyl,yy2;
>for i from 1 to 2 do
x[i] :=x[i]+vx[i]*dt+0.5*ax[i]*dt2;
y[il:=y[i]+vy[i]*dt+0.5*ay [i]*dt2;
vx[i] :=vx[1]+0.5%ax [i] *dt;
vy[i] :=vy[i]+0.5%ay[i]*dt;
>od;
>yyl:=[op(yyl),y[111;
>yy2:=[op(yy2),y[2]1];
>Force();
>for i from 1 to 2 do
vx[i] :=vx[1]+0.5%ax [i]*dt;
vy[i] :=vy[i]+0.56*ay[i]*dt;
>od;
>end:
>show_conf :=proc(x,y)
>local tmp,i;
>tmp:=[];
>for i from 1 to 4 do
tmp:=[lop(tmp), [x[i],y[ill];
>od:
>pointplot ({op(tmp) },axes=BOXED, symbol=circle,symbolsize=30,color=blue);

>end proc:
>dt:=0.01;
>dt2:=evalf (dt~2);
>tmpl:=[];
>yyl:=[];
>yy2:=[1;

>for i from 1 to nmax do
>for j from 1 to 2 do
Verlet();
>end do;
>tmpl:=[op(tmpl) ,show_conf (x,y)];
>end do:
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gooooooooobobn
ma = —Cu (3.2)
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d*U,
m
dt?
gloogooogobbbobbodoooooobbobbbooooooon
gogbbbuooobbbooodgbbbuoooobbbouooobbbbooad

= O(Upy + Upsy — 2U) (3.3)

U, = Aexp'@t-hna) (3.4)

0D000000012000000 y=Asin{2r(ft—%)}000000000
000000000000000000000000000000000U41=
exp* U,0U,y = exp * U, 0000000 «000000000000000

0(33)0000 2% =2, 00000000000 (3.3)0000000

m(—w?U,) = C(exp~™** U, + exp** U, — 2U,) (3.5)

00000000000 e* =cosf+ising 00000000000 sin?§ = 1=

2
gobood
C

w =24/ —
m

gboobdbbdbewbbOOckODOODOODOODLOOODLODDOOD Wb
b0 s0D00000DODODOROODOODOOOOOOODODODODOD
gogbbobugoobbboooobooboooo 1igood

Cka

sin—
2

(3.6)

3.1.5 000

O0O0NOODOO (0 312)000000000000000 36)0000O0
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0000000 Up=U,,=000000000 NODODOOOOO000000000
00000000000000000 U,=cexp*"0000c0000000+¢
O-c000000U,=c¢ exp'® 4e,exp @) 00 0000000nr=00000
0000U,=a+c¢=0000000c=-00000000000000

gogbobbtdnO0ddbnbonbood

i(kna) —cy eXp—i(kna) (37)

U, = ciexp
godouoobooouoobouoobooogo
U, = 2ic, sin(kna) (3.8)
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000000000000 ,000000r+100000000000U, =00
Uni1 = 2icy sin(k(n+1)a)=000000,,,000000000000000000
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>restart;>wtih(plots):

>k:=j*Pi/2/((N+1)*a) ;

>pl:=w =2*sqrt (C/m)*abs (sin(k*a/2)) ;
>p2:=N->2*sqrt (C/m) *abs ((sin((j*Pi/2/((N+1)*a)*a)/2)));
>C:=1;m:=1;

>plot ([p2(2),p2(3),p2(8),p2(10),p2(100)1,3=0. .5%Pi,p2=0..3);}
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Mmw* —20(M + m)w? + 4C?sin® ka = 0 (3.20)
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>with(plots):
>with(plottools):

>num_x:=-Pi/2;
>cut:=Pi/10;
>x:=[];
>y1:=[1;
>for i from O to 10 by 1 do
num_y:=0;
x:=[op(x) ,num_x] ;
y1:=[op(y1),sqrt(3/2+sqrt (9/4-2%sin(num_x)~2))];
num_x:=num_x+cut;
>end do:
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>num_x:=-Pi/2;

>cut:=Pi/10;

>x:=[1;

>y2:=[1;

>for i from O to 10 by 1 do
num_y:=0;

x:=[op(x) ,num_x];
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y2:=[op(y2), (1/2) *sqrt (6-2*sqrt (9-8*sin(num_x) "2))];
num_x:=num_x+cut;
>end do:
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