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Punching the Table. Time Evolution.
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Punching the Table. Time Evolution.

€qs = 9,2y X[, J1[t] + @ x[1, JI[t] + xSum[x[i, j][t] -x[T+1, JI[t], (1, -1, 1}]
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Punching the Table. Time Evolution.

eqs = 8.4, X[, J1[t] +w? x [, J1[t] +xSum{x[i, J1(t] -x[i+1, FI[t] +x[i, 10t] -x[i, J + UI[t], {1, -1, 1}]

200% »
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Punching the Table. Time Evolution.

|

x[7_, J_1[t1/537>LVYis0Vji>LVJj<0=x[Mod[i, L, 1], Mod[]j, L, 1]]

eqs =

Table[o{t,z}x[": J10t] +@? x[i, J1[t] +xSum{x[i, JI[t] -x[i+1, jI[(t] +x[i, J1(t] -x[i, j+1][t], {1, -1, 1}] =0,
{i, L}, {3, L}]
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Punching the Table. Time Evolution.

L=60; x=5; w=2j
X[7_, J_1[t.1/57>LVisOVj>LVJj<0=x[Mod[i, L, 1], Mod[j, L, 1]]

eqs =
Table [8(c,2y X[, J1[t] +w® x[i, JI[t] +xSum[x[i, JI[t] -x[i+ 1, JI[t] +x[i, J1t] -x[i, j+11[t], {1, -1, 1}] =9,
{i, L}, {3, L}]

200% »
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Punching the Table. Time Evolution.

L=60; x=5; w=2;
x[7 , 7 1[t1/;37>LVYT1s0VYji>LVY7s0:=x[Mod[7, L, 1], Mod[J, L, 1]]

x[25, 85] [t]
x[25, 25] [t]

eqs =
Table[d¢,2yx[1, j]1[t] +w’ X[, JI[t] +xSum[x[i, JI[t] -x[i+1, JI[t] +x[i, J1[t] -x[i, j+1]1[t], {1, -1, 1}] =@,

{i, L}, {3, L}]

200% »
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Punching the Table. Time Evolution.

L=60; x=5; w=2;
x[7 , 7 1[t]1/57>LV 7150V i>LVJis0:=x[Mod[7,L, 1], Mod[J, L, 1]]

x[-25, 85] [t]
x[35, 25] [t]

eqs =
Table [8(c,2y X[, J1[t] +@® x[i, JI[t] +xSum[x[i, JI[t] -x[i+ 1, JI[t] +x[i, JI[t] -x[i, j+11[t], {1, -1, 1}] =9,
{i, L}, {i, L}]
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Punching the Table. Time Evolution.

L=60; x=5; w=2;
x[7_, 7 1[t1/57>LVis0VJIi>LV7s0:=x[Mod[7, L, 1], Mod[J, L, 1]]

eqs =

Table [d(c,2y X [7, J1[t] +w’ x[1, JI[t] +xSum[x[i, JI[t] -x[i+ 1, JI[t] +x[i, JI[t] -x[i, J+1I[t], {1, -1, 1}] =@,
{i, L}, {i, L}]

{{4x[1, 1][t] +5 (4x[1, 1][t] -x[1, 2][t] -x[1, 6@] [t] -x[2, 1][t] - x[6@, 1][t]) +x[1, 1]"[t] =@,
=0, , =0, 4x[1,60][t] +5 ( ) +x[1, 60]"[t] =0}, y | 3

large output show less show more show all set size limit...
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Punching the Table. Time Evolution.

L=60; x=5; w=2;

X[7_ , 7 1[t1/57>LV715s0VJi>LV 750 :=x[Mod[7, L, 1], Mod[Jj, L, 1]]

eqs =

Table[d(t,2yx[7, J1[t] + @ X[, JI[t] +xSum[x[i, JI[t] - x[i+ 1, JI[t] +x[i, JI[t] -x[i, J+11[t], {1, -1, 1}] =8,

{i, L}, {3, L}];

bc = Table[{x[1, ]]1[0®] =0, x[1, j]1'[0] =If[i>3L/4A]>3L/4, RandomReal[{4, 6}], ©]}, {1, L}, {J, L}] // Flatten

{¢,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,0,0,0,60,0,0,0,0,0,60,0,06,0,0,0,0,60,60,0,0,0,0,0,606,0,0,0,0,0,0,

@, 0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

o, 9,0,0,60,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,60,0,0,0,0,0,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

0,0,09,09,60,0,0,0,0,0,0,60,0,0,0,0,0,60,0,0,0,09,0,0,60,606,0,0,0,0,60,60,0,0,0,0,0,0,

e, 9, 0,0,0,0,,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

0,0,09,09,60,0,0,0,0,0,09,60,0,0,0,0,0,60,0,0,0,0,0,0,60,606,0,0,0,0,0,0,0,0,0,0,0,0,

9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

©,0,0,0,0,0,0,0,0,0,0,90,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,80,

©,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,60,0,0,0,0,0,0,0,0,0,0,0,0,0,

0,09,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,0,0,
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L=60; x=5;w=2;
x[7 , 7 1[t1/37i>LVi<s0Vi>LV /=<0 :=x[Mod[7, L, 1], Mod[/, L, 1]]

eqs =
Table[a{t,z}xﬁs J10t] v+ x[1, J10t] +xSum{x[i, j1[t] -x[i+ 1, jI[t] +x[i, j1[t] -x[1, j+1]1[t], {1, -1, 1}] =0,

{i, L}, {3, L}];
bc = Table[{x[i, ]][0] == 0, x[1, 7] "'[@] == If[1>3L/4A]>3L/4, RandomReal[{4, 6}], ©1}, {7, L}, {7, L}] //

Flatten

{x{l, 1][0] =0, True, x[1, 2] (0] =0, True, x[1, 3](0] =0, True, x[1, 4][0] =0, True, ,
x[(60, 571 (0] =0, False, x[60, 58] [@] == 0, False, x[60, 59][0] =0, False, x[60, 60] [0] =0, False}

arge output show less show more show all set size limit...
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Punching the Table. Time Evolution.

- ClearAll[x]
L=60; x=5; w=2;
x[7 4,7 ][t 1/37>LY 7120V ji>LY =<0 :=x[Mod[7, L, 1], Mod[/, L, 1]]

i= eqs =
Table[8.e,2y X[, J1[t] +w® x[i, JI[t] +xSum[x[i, J1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i, ]+ 11[t], {1, -1, 1}] =0,
{i, L}, {3, L}];

bc = Table[{x[i, j]1[®] ==0, x[1, J]"'[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], ©]}, {7, L}, {j, L}] //
Flatten|

{X{l, l} [0} ::0: X[l, l]J[e] ::0: X[l, 2] {0] :0: X{l, 2]'[0] ::01 X{l, 3] {0} ::01
, X[60, 59] (0] =0, x[60, 59]'[0] =5.53107, x[60, 60] [0] =0, x[60, 60]'[0] = 4.08415}

arge output show less show more show all set size limit...
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Punching the Table. Time Evolution.

- ClearAll[x]
L=60; x=5; w=2;
x[7 5,7 1[t1/37>LY 710V ji>LY =<0 :=x[Mod[7, L, 1], Mod[/, L, 1]]

- eqs =
Table 8,2y X[, J1[t] +w® x[i, jI[t] +xSum[x[i, j1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i,]+11[t], {1, -1, 1}] =0,
{i, L}, {3, L}];

bc = Table[{x[1, j]1[®] == 0, x[1, 7] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {3, L}] //
Flatten;

- var = Table[x[i, jI1[t], {1, L}, {J, L}] // Flatten

{x[1, 1][t], x[1, 2] [t], x[1, 3] (t], x[1, 4] [t], x[1, 5][t], x[1, 6][t], x[1, 7][t], )
x(60, 54] [t], x[60, 55] [t], x[60, 56] [t], x[60, 57](t], x[60, 58] [t], x[6@, 59] (t], x[60, 60] [t]}

large output show less show more show all set size limit...
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; w=2;
x[7 4,7 ][t 1/37>LY 7120V ji>LY 750 :=x[Mod[7, L, 1], Mod[/, L, 1]]

- eqs =
Table 8,2y X[, J1[t] +w? x[i, jI[t] +xSum[x[i, j1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i,]+11[t], {1, -1, 1}] =0,
{i, L}, {3, L}];

bc = Table[{x[i1, j][0] ==0, x[i, ] '[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], 01}, {i, L}, {7, L}] //
Flatten;

var = Table[x[i, j1[t]l, {7, L}, {J, L}] // Flatten;

var // Length
- 3600

200% »
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5;w=2; tmax = 500;
x[7 ,7 1[t1/37>LVis0OVji>LV s0:=x[Mod[7, L, 1], Mod[], L, 1]]

- eqs =
Table[8.e,2yx[1, J1[t] +w? x[i, jI[t] +xSum[x[i, j1[t] -x[i+1, JI[t]+x[i, J1[t]-x[i,]+11[t], {1, -1, 1}] =0,
{i, L}, {3, L}];

bc = Table[{x[i, j]1[0] == 0, x[i, J]"'[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {7, L}] //
Flatten;

var-'Table[gji, i1[t], {1, L}, {J, L}] // Flatten;
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; w=2; tmax = 500;
x[7 5,7 ][t 1/37>LY 7120V ji>LY =<0 :=x[Mod[7, L, 1], Mod[/, L, 1]]

eqs =
Table 8,2y X[, J1[t] +w? x[i, jI[t] +xSum[x[i, j1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i, ]+ 11[t], {l, -1, 1}] =0,
{i, L}, {3, L}];

bc = Table[{x[1, j]1[0] == 0, x[1, 7] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {7, L}] //
Flatten;

var = Table[x[i, j1[t], {7, L}, {J, L}] // Flatten;

solution = NDSolve[eqgs, bc, var, {t, 0, tmax}][1];

-« NDSolve: x[1, 1][0] == 0 cannot be used as a function.

200% »
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5;w=2; tmax = 500;
x[7 4,7 ][t 1/37>LY 71520V ji>LY =<0 :=x[Mod[7, L, 1], Mod[/, L, 1]]

- eqs =
Table[de,2y X[, 1 [t] +w® x[i, j1[t] +xSum[x[i, JI1[t] -x[i+1, JI[t] +x[i, JI[t] -x[i, j+11[t], {1, -1, 1}] =@,
{i, L}, {J, L}] // Flatten;

bc = Table[{x[i, j1[0] == 0, x[i, J]"'[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {7, L}] //
Flatten;

var = Table[x[i, j1[t], {7, L}, {J, L}] // Flatten;

solution = NDSolve[egs, bc, var, {t, 0, tmax}][1];

-« NDSolve: x[1, 1][0] == 0 cannot be used as a function.

200% »
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; w=2; tmax = 500;
X[7_ , 7 1[t1/37>LYi<0OVYji>LY <0 :=x[Mod[7, L, 1], Mod[J, L, 1]]

eqs =
Table[de,2yx[1, J1[t] +w® x[i, jI[t] +xSum[x[i, JI1[t] -x[i+1, JI[t] +x[i, JI[t] -x[i, j+11[t], (L, -1, 1}] =@,
{i, L}, {J, L}] // Flatten;

bc = Table[{x[1, j]1[0] == 0, x[1, ] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {i, L}, {3, L}] //
Flatten;

- var = Table[x[i, j1[t], {7, L}, {J, L}] // Flatten;

solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

200% »
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; w=2; tmax = 500;
x[7 5,7 ][t 1/37>LY 7120V ji>LY <0 :=x[Mod[7, L, 1], Mod[J, L, 1]][%]

eqs =
Table[de,2y X[, 1 [t] +w® x[i, jI[t] +xSum[x[i, JI1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i, j+11[t], {1, -1, 1}] =@,
{i, L}, {J, L}] // Flatten;

bc = Table[{x[i, j]1[0] == 0, x[i, J]"'[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {7, L}] //
Flatten;

- var = Table[x[i, j1[t], {71, L}, {J, L}] // Flatten;

solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

200% »
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Punching the Table. Time Evolution.

1- ClearAll[x]
L=60; x=5; =2; tmax = 500;
x[7 , 7 1[t1/37>LYi<s0Vi>LV /=<0 :=x[Mod[7, L, 1], Mod[j, L, 1]1][]

eqs =
Table[é{t,21>t[“i’ J1It] +@? x[i, J1[t] +xSum[x[i, J1[t] -x[i+ 1, j1[t] +x[i, J1[t] -x[i, 3+ 11[t], {1, -1, 1}] =0,
{i, L}, {j, L}] // Flatten;

bc = Table[{x[1, 7]1[0] == 0, x[1, 7] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {3, L}] //
Flatten;

var = Table[x[i1, j]1[t], {1, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

- var

{x(1, 11 (), x[1, 2] [t], x([1, 3] (t], x[1, 4] [t], x[1, 5] [t], x[1, 6] [t], x[1, 7] [t], .
x(60, 54] [t], x[60, 55] [t], x[60, 56] [t], x[60, 57](t], x[60, 58] [t], x[6@, 59] [t], x[60, 60] [t]}

large output show less show more show all set size limit...
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; =2; tmax = 500;
x[7 , 7 1[t1/37>LVYi<0Vi>LV /=<0 :=x[Mod[7, L, 1], Mod[j, L, 1]1][]

eqs =
Table[de,o)x [T, J1[t] «+@’ x[i, JI[t] +xSum{x[i, J1[t] - x[i+1, FI[t] +x[, JI[t] -x[i, J+11[t], {1, -1, 1}] =0,
{i, L}, {j, L}] // Flatten;

bc = Table[{x[i1, j]1[0] == 0, x[71, J]"'[0@] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {7, L}] 7/
Flatten;

var = Table[x[i1, j]1[t], {1, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

-var /. x[7_, J_1[t] = {7, 7, x[7, J, t]}

{{1! llx|l, l, tJ}! {ll 2’ xlli 2! tJ}l {1! 3! lel 3, tJ}’ {ll 4lxll, 4’ tJ}!
(1,5, x[1, 5, t]}, , (60, 56, x[60, 56, t]}, {60, 57, x[60, 57, t]},
(60, 58, x[60, 58, t]}, (60, 59, x[60, 59, t]}, (60, 60, x[60, 60, t]}}

large output show less show more show all set size limit...
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T AT TTTTY 16 ¥ T T UL T . T IiITT TS VY TG TWIT.

ClearAll[x]
L=60;x=5;w=2; tmax = 500;
X[7 , 7 ][t 1/57>LYi120VYJi>LY =<0 :t=x[Mod[7, L, 1], Mod[7J, L, 1]][1]

eqs =
Table [,y x[1, j1[t] +w’ x[i, j1[t] +xSum[x[i, j1(t] -x[i+1, JI(t] +x[i, 1t -x[i, j+11[t], {1, -1, 1}] =0,
{i, L}, {i, L}] 7/ Flatten;

bc = Table[{x[i, j][0] ==0, x[1, J]"'[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], 0]}, {7, L}, {j, L}] //
Flatten;

var = Table[x[i, j1[t], {i, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

var /. x[71 , 7 1[t]1 = {7, 7, x[7, 7, t1} /. solution;

200% »

Pirsa: 18100023 Page 45/191



T AT TSTTTY 16 T T LER = 1= 4 A~ T OITTT S VW TAaAGTWA T T

ClearAll[x]
L=60; x=5; w=2; tmax = 500;
X[7_ , 7 ][t 1/57>LY7120VYj>LY =<0 :t=x[Mod[7, L, 1], Mod[7/, L, 1]][1]

eqs =
Table[8x,2;x[1, J1[t] +w® x[i, JI(t] +xSum{x[i, JI[t] -x[i+1, J1(t] +x[i, J1(t] -x[i, j+11(t], {1, -1, 1}] =0,
{i, L}, {J, L}] // Flatten;

bc = Table[{x[i, j][0] ==0, x[i, ] '[0] ==If[i>3L/4A]j>»3L/4, RandomReal[{4, 6}], O]}, (i, L}, {7, L}] //
Flatten;

var = Table[x[i, j1[t], {i, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

ToPlot[t ] =var /. x[7 , 7 1[t]l = {7, 7, x[7, 7, t]1} /. solution;

200% »
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var = Table[x[i, j1[t], {7, L}, {7, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
ToPlot[t ] =var /. x[7 , 7 1[t] = {7, 7, x[7, 7, £]} /. solutionj|

Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 500, 1}]
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{i, L}, {i, L}] // Flatten;

bc = Table[{x[1, ]][0] ==0, x[1, j]'[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], ©1}, {i, L}, {i, L}] //
Flatten;

var = Table[x[i, j]1[t], {1, L}, {i, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
ToPlot[t ] =var /. x[7_, 7. 1[t] ->I{i, J, x[1, J, t]} /. solution;

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]
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var = Table[x[i, j]1[t], {7, L}, {i, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, J, x[i, J1[t]} /. solution;

Manipulate[ListPointPlot3D[ToPlot[t]], {t, @, 500, 1}]
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oo var = Table[x[1, j1[t], {1, L}, {J, L}] // Flatten;
nz2 - solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
neor- ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[1, J1[t]} /. solution;

nso - Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 500, 1}]

Out[30]=

40
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oo var = Table[x[1, j1[t], {i, L}, {J, L}] // Flatten;
nz2 - solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
e ToPlot[t ] =var /. x[7_, 7. 1[t] ->{i, 3, x[1, J1[t]} /. solution;

nao - Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 500, 1}]

Out(30]=
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neor var = Table[x[1, J1[t], {7, L}, {i, L}] // Flatten;
nz2 - solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
o ToPlot[t ] =var /. x[7 , 7 1[t] -> {i, 3, x[1, J1[t]} /. solution;

nzo - Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 500, 1}]

Out(30]=

40
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oo var = Table[x[1, 71[t], {1, L}, {7, L}] // Flatten;
nz2 - solution = NDSolve[Join[eqs, bc], var, {t, 0, tmax}][1];
o ToPlot[t ] =var /. x[7_, 7. 1[t] ->{i, J, x[i1, J1[t]} /. solution;

na - Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 100, 1}]

Out[31]=
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oo var = Table[x[1, 71[t], {1, L}, {J, L}] // Flatten;
nz2 - solution = NDSolve[Join[eqs, bc], var, {t, 0, tmax}][1];
o ToPlot[t ] =var /. x[7 , 7 1[t] -> {i, 3, x[1, J]1[t]} /. solution;

na- Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 100, 1}]

Out[31]=

40

200% »

Pirsa: 18100023 Page 54/191



oo var = Table[x[1, j1[t], {1, L}, {7, L}] // Flatten;
nz2 - solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
o ToPlot[t ] =var /. x[7 , 7 1[t] -> {i, 3, x[1, J1[t]} /. solution;

na - Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 100, 1}]

Out[31]=
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5;w=2; tmax = 5003 y = 53
x[7 5,7 1[t1/37>LYi<0VYji>LY <0 :=x[Mod[7, L, 1], Mod[/, L, 1]][]

- eqs =
Table[d¢e,2x[1, J1[t] +w’ x[1, J1[t] +xSum[x[i, J1(t] -x[i+1, JI0t] +x[i, JI[t] -x[1, J+11[t], {1, -1, 1}] =0,
{i, L}, {J, L}] // Flatten; I

bc = Table[{x[1, j]1[0] == 0, x[1, 7] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {3, L}] //
Flatten;

- var = Table[x[i, j1[t], {1, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
- ToPlot[t J =var /. x[7 , 7 1[t] ->{i, j, x[1, J1[t]} /. solution;

Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 100, 1}]
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5;w=2; tmax = 5003 = 5;
x[7 4,7 ][t 1/37>LYi1<0VYji>LY <0 :=x[Mod[7, L, 1], Mod[/, L, 1]][]

eqs =
Table [,y x[1, J1[t] +w’ x[i, J1[t] +u® x[i, j1[t]%+
xSum[x[i, JI[t] -x[i+1, JI[t] +x[i, JI[t] -x[i, j+11[t], {1, -1, 1}] =@, {i, L}, {j, L}] // Flatten;

bc = Table[{x[1, j]1[0] == 0, x[1, ] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {i, L}, {7, L}] //
Flatten;

- var = Table[x[i, j1[t], {71, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
- ToPlot[t J =var /. x[7 , 7 1[t] ->{i, j, x[1, J1[t]} /. solution;

Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 100, 1}]
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Punching the Table. Time Evolution.

ClearAll[x]
L=60;x=5;w=2; tmax = 5003 = 5;
x[7 4,7 1[t1/37>LY 7120V ji>LY <0 :=x[Mod[7, L, 1], Mod[/, L, 1]][2]

eqs =
Table [,y x[1, J1[t] +w’ x[i, J1[t] +u® x[i, j1[t]°+
xSum[x[i, JI[t] -x[i+1, JI[t] +x[i, JI[t] -x[i, j+11[t], {1, -1, 1}] =@, {i, L}, {j, L}] // Flatten;

bc = Table[{x[i1, j]1[0] == 0, x[i, J]"'[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], ©]}, {7, L}, {7, L}] //
Flatten; _

var = Table[x[i, j1[t], {7, L}, {J, L}] // Flatten;

solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

- ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i1, j1[t]} /. solution;

Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 100, 1}]
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5;w=2; tmax = 5003 y = 5;
x[7 4,7 ][t 1/37i>LYi1<0VYji>LY <0 :=x[Mod[7, L, 1], Mod[/, L, 1]][]

noz- eqs =
Table 8,23 x[1, J1[t] +w’ x[i, J1[t] +u® x[i, J1[t]°+
xSum[x[i, J1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i, i+ 11[t], {1, -1, 1}] =8O, {i, L}, (i, L}] 7/ Flatten;

bc = Table[{x[i, j]1[0] == 0, x[i, J]"'[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {7, L}] //
Flatten;

- var = Table[x[i, j]1[t], {1, L}, {J, L}] // Flatten;

solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];

- NDSolve: The function value

A N n A N N N n n n
V) u., U

o 0 A N
e U, U0 U UL UL UL U 9

n A O 0O N0 0 N N A N 0O N N0 N
g Wy U o V., U, U v, U U, J

o) s . A
,0.,0,0,0,0, ,0.,0, «<3»,0,0,

C
o
e
o

71502} is not a list of numbers with dimensions {7200} at

M1~

{t, x[1, 70t x[1, 0L, %01, 200t x[1, 21°1tL =00, 310tL =01, 31t x[1, 410t] x[1, 4T'[t], <«<34=>, x[1, 22][t], x[1, 22]'t], x[1, 23]1t], x[1, 23['[t], x[1, 24](t], x[1, 24]'[t], x[1, 25]t],

«</191=} =
{0.000114591, 0., 0., 0., 0., 0., 0, 0,0, 0,0,0.,0,0,0.,0.,0,0,0,0., 0, «9»,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0, 0., 0., 0., «7151»
- ToPlot[t 1 =var /. x[7 , 7 1[t] ->{i, j, x[1, J1[t]} /. solution;
Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 100, 1}]
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; w=2; tmax = 500; u =5}
X[7 , 7 ][t 1/57>LY 720V Ji>LY =<0 :t=x[Mod[7, L, 1], Mod[7/, L, 1]][ 2]

eqs =
Table [,y x[1, J1[t] +w’ x[i, J1[t] +u® x[i, j1[t]°+
xSum[x[i, JI[t] -x[i+1, JI[t] +x[i, JI[t] -x[i, j+11[t], {1, -1, 1}] =0, {i, L}, {j, L}] // Flatten;

bc = Table[{x[1, j]1[0] == 0, x[1, ] '[0] ==If[i>3L/4A]>3L/4, RandomReal[{4, 6}], O]}, {7, L}, {3, L}] //
Flatten;

- var = Table[x[i, j1[t], {1, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
- ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[1, j1[t]l} /. solution;

Cylinder[{{L, 1, 0}, {L, 1, -8}}], Cylinder[{{L, L, O}, {L, L, -8}}]1];

Manipulate[Show[legs, ListPointPlot3D[ToPlot[t]]], {t, 0, 100, 1}]
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* Graphics3D
@, Searcn for all pages containing Graphice3D.

Wollram Language it apni guage

Tutonals ¥ See Also ¥ Related Guides v

Graphics3D

GraphicsdD [ primitives, opions
represents a three-dimensional graphical image.

» Detalls and Options
» Examplos
v Basic Exampias
Use lines, polygons, cylinders, sphares, otc. to bulld up a ID graphics scana

inf1]:~ Graphics3D[{Blue, CvLinth[]. Red, Sphere({0, 0, 2}], Dlack, Thick, Dashed, Line[{{-2, O, 2}, {2, O, 2}, {0, O, 4}, {-2, O, 2}}], Yollow, Polygen([{{-3, -3, -2}, (-3, 3, -2}, {3, 3, -2}, {3, -3, -2}}], Green, Opacity[.3], Cuboid([{-2, -2, -2}, {2, 2, -1}]1}H]

Usa plot functions to automatically create GraphicalD from differant types of data:

1)~ PletaD(Sin(xy], {x, 0, 3}, {v, 0, 3}, ColorFunction = "Rainbow", Nesh + Nene]

- ParamotricPlotlD({ (3 +Cos(v]) Com[u], (3 +Con[v]) Sin[u], Sin[v]}, {u, 0, 2P4}, {v, 0, 2P4}, Mesh = None]

100% »

Pirsa: 18100023 Page 61/191



legs = Graphics3D[{Cylinder[{{1, 1, ©®}, {1, 1, -8}}], Cylinder[{{1, L, O}, {1, L, -8}}],
Cylinder[{{L, 1, ©}, {L, 1, -8}}], Cylinder[{{L, L, O}, {L, L, -8}}1}1;

n44 - Manipulate[Show[legs, ListPointPlot3D[ToPlot[t]]], {t, @, 100, 1}]

Out[44)=
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legs = Graphics3D[{Cylinder[{{1, 1, ©®}, {1, 1, -8}}], Cylinder[{{1, L, O}, {1, L, -8}}],
Cylinder[{{L, 1, ©}, {L, 1, -8}}], Cylinder[{{L, L, O}, {L, L, -8}}1}];

44 - Manipulate[Show[legs, ListPointPlot3D[ToPlot[t]]], {t, ©, 100, 1}]

Outl44]=
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legs = Graphics3D[{Cylinder[{{1, 1, ©®}, {1, 1, -8}}], Cylinder[{{1, L, ©}, {1, L, -8}}],
Cylinder[{{L, 1, O}, {L, 1, -8}}], Cylinder[{{L, L, O}, {L, L, -8}}1}];

n44 - Manipulate[Show[legs, ListPointPlot3D[ToPlot[t]]], {t, ©, 100, 1}]

Out[44]=
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o be = Table[{x[1, 7]1[0] ==0, x[71, 7] '[0@] ==If[i>3L/4A]J>3L/4, RandomReal[{4, 6}], 01}, {7, L}, {7, L}] //
Flatten;

n4t - var = Table[x[1, j1[t], {1, L}, {i, L}] // Flatten;
421~ solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
o= ToPlot[t ] =var /. x[7_, 7. 1[t] -> {1, J, x[1, j1[t]} /. solution;

71 legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder([{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}]11}];

== Manipulate[ListPointPlot3D[ToPlot[t]], {t, ©, 100, 1}]

200% »

Pirsa: 18100023 Page 65/191



Punching the Table. Time Evolution.

s~ ClearAll[x]
L=60; x=5;w=2; tmax = 5003 u = 5;
x[7 4,7 ][t 1/37>LYi1<0VYji>LY <0 :=x[Mod[7, L, 1], Mod[/, L, 1]][1]

1 - Tanh [ —t‘f:e ]
dial[t ] = 5 :

Plot[dial[t], {t, O, 500} ]

08}
06!
0.4}

0.2}

100 200 300 400 500

3 eqs-
Table[8(t,2yx [, J1[t] +w® x[i, jI[t] +u’ x[i, j1[t]7+

xSum{x[i, JI[t] -x[i+1, J10t] +x[i, J10t] -x[i, +11[t], {1, -1, 1}] =0, {i, L}, {i, L}] // Flatten;

Pirsa: 18100023
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=5; w=2; tmax = 500; u =5}
X[7 , 7 ][t 1/37>LY 7120V ji>LVY =<0 :t=x[Mod[7, L, 1], Mod[7, L, 1]][ 1]

1-Tanh [ o8 ]
. 10
dial[t ] = > :

Plot[dial[t], {t, 8, 500}];

eqs =
Table[d 2y X[, 1[t] +w? x[i, J][t] +dial(t] u® x[i, jI[t]"+
xSum{x[i, J1[t] -x[i+1, JI[t] +x[i, J1[t] -x[, 3+ 11[t], {1, -1, 1}] = O, {i, L}, {i, L}] // Flatten;

bc = Table[{x[1, 1][0] ==0, x[i1, ]]1'[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], 01}, {1, L}, {i, L}] //
Flatten;

var = Table[x[i, j]1[t], {7, L}, {J, L}] // Flatten;
solution = NDSolve[Join[eqs, bc], var, {t, 8, tmax}][1];
ToPlot([t ] =var /. x[7_, 7 1[t] -> {7, 3, x[1, jJ1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, ©®}, {1, 1, -3}}], Cylinder[{{1, L, 0}, {1, L, -3}}],
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 100, 1}];

200% »
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nee - var = Table[x[1, j1[t], {7, L}, {i, L}] // Flatten;
o1 solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
neo - ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[1, J1[t]} /. solution;

e legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, ®}, {1, L, -3}}1,
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, =3}}1}];

ne1 - Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 100, 1}]

Out|b4|=

0.1 —
[ * 760
0.0%

.01.'.
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rse- var = Table[x[i, j1[t], {1, L}, {i, L}] // Flatten;
o solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
reo- ToPlot[t ] =var /. x[7 , 7 1[t] -> {i, 3, x[1, J1[t]l} /. solution;

o legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O®}, {1, L, -3}}1,
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, =3}}1}];

ns1 - Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 100, 1}]

Out|e4d|=

40
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nse- var = Table[x[1, j1[t], {7, L}, {i, L}] // Flatten;
=9~ solution = NDSolve[Join[eqs, bc], var, {t, 0, tmax}][1];
reo- ToPlot[t ] =var /. x[7 , 7 1[t] -> {i, 3, x[1, j1[t]l} /. solution;

e~ legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, 0}, {1, L, -3}}],
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, =3}}1}];

s - Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 500, 1}]

Out[65]=
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dial[t ] = > H
Plot[dial[t], {t, O, 500}];

eqs =
Table[d(x,2) X[, J1[t] +w® x[i, J][t] +dial[t] u? x[i, jI[t]°+
xSum{x[i, 31[t] -x[i+1, J10t] +x[i, J1[t] -x[i, 3+ 1]1[t], {1, -1, 1}] =@, (i, L}, (i, L}] // Flatten;

bc = Table[{x[i, j1[0] ==0, x[i, j]"'[0] ==If[i>3L/4Aj>3L/4, RandomReal[{4, 6}], ©]}, {7, L}, {j, L}1 //
Flatten;

var = Table[x[7, j1[t], {7, L}, {j, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, J, x[1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, 0}, {1, L, -3}}],
Cylinder([{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}1;

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]
Saving the evolution for easy manipulation

solution[[1]]

x[1, 1][t] » InterpolatingFunction W zrjums{i:'arsoo}} [t]
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var = Table[x[i, j1[t]l, {71, L}, {J, L}] // Flatten;
solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1];
ToPlot[t ] =var /. x[7 , 7 1[t] -> {1, 3, x[1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, ©®}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}1;

- Manipulate[ListPointPlot3D[ToPlot[t]], {t, @, 500, 1}]
Saving the evolution for easy manipulation
- solution[[1]]

x[(1,1][t] = Intorpnlatingﬂmation: w g::ﬂ”s{é;;feo}} :{t}

POSITIONS[t ] = Table[{a, b} » x[a, b][t], {2, L}, {b, L}]

{{{1, 1} > x[1, 1][t], {1, 2} > x[1, 2][t], {1, 3} »x[1, 3][t],

{1, 4} > x[1, 4][t], » {1, 57} » x[1, 57][t], {1, 58} »x[1, 58] [t],
{1, 59} »x[1, 59][t], {1, 60} »x[1, 60][t]}, > { b}
large output show less show more show all set size limit...
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ToPlot[t ] =var /. x[7 , 7. 1[t] ->{i, J, x[1, J1[t]} /. solution;

- legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]]

x(1l, 1] (t] » InterpolatingFunction W gi:‘?}i:'s{é:l’;foo'}} ' (t]

POSITIONS[t ] = Table[{a, b} -+ x[a, b][t], {2, L}, {b, L}] /. solutions|;

200% »
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ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]]

x[(1, 1] (t) » InterpolatingFunction w g::‘?}i:'s{égéfoo'}} (t]

POSITIONS[t ] = Table[{a, b} -+ x[a, b][t], {a, L}, {b, L}] /. solution;
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Pirsa: 18100023 Page 74/191



ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i1, J1[t]} /. solution;

- legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder([{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, @, 500, 1}]
Saving the evolution for easy manipulation
solution[[1]]

x(1, 1] (t) » InterpolatingFunction w EEITJT'S{‘E:";EOO'}} (t]

POSITIONS[t ] = Table[{a, b} =» x[a, b][t], {a, L}, {b, L}] /. solution;

ALLPOSITIONS = Table [POSITIONS[t], {t, 8, 506}]
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ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]
Saving the evolution for easy manipulation
solution[[1]]

x(1l, 1] (t] » InterpolatingFunction w g:i'?j?'s{é:";foo'}} [t]

POSITIONS[t ] = Table[{a, b} = x[a, b][t], {2, L}, {b, L}] /. solution;

ALLPOSITIONS = Table [POSITIONS[t], {t, 0, 500, 1}]
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ToPlot([t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, O}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, @, 500, 1}]
Saving the evolution for easy manipulation
solution[[1]]

x[(1, 1] (t) » InterpolatingFunction w g::‘?}i:'s{é:"ﬁoo'}} (t]

POSITIONS[t ] = Table[{a, b} =+ x[a, b][t], {2, L}, {b, L}] /. solution;

ALLPOSITIONS = Table [POSITIONS[t], {t, 0, tmax, 1}]|
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ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, O}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]]

x(1l, 1] (t] » InterpolatingFunction W .E::ﬂ:jlj's{é:i;rsoo'}} (t]

POSITIONS[t ] = Flatten@Table[{a, b} =» x[a, b][t], {2, L}, {b, L}] /. solution;
ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];

ALLPOSITIONS // Dimensions

{501, 3600}
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ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, ®}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]
Saving the evolution for easy manipulation
solution[[1]]

x[1, 1] [t] » InterpolatingFunction by E::‘?j?:ﬁ:&;?oo'}} 3

- POSITIONS[t ] = Flatten@Table[{a, b} =» x[a, b][t], {2, L}, {b, L}] /. solution;
ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];

ALLPOSITIONS // Dimensions
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ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i1, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, O}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, O, 500, 1}]
Saving the evolution for easy manipulation
solution[[1]]

x[1l, 1] (t] » InterpolatingFunction w E::’?j?’s{é:";rsoo'}} [t]

- POSITIONS[t ] = FlatteneTable[{a, b} » x[a, b][t], {a, L}, {b, L}] /. solution;
ALLPOSITIONS = Table [POSITIONS[t], {t, @, tmax, 1}];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

200% »
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7 TOFPLOT[ T [ =Vvar /. X[ 7_, J_ JITI => {7, J, X[7T, JJIX]} 7. Sowutiong

legs = Graphics3D[{Cylinder[{{1, 1, ©®}, {1, 1, -3}}], Cylinder[{{1, L, 0}, {1, L, -3}}],
Cylinder[{{L, 1, 0}, (L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, =3}}]1}];

5= Manipulate[ListPointPlot3D[ToPlot[t]], {t, @, 500, 1}]

Saving the evolution for easy manipulation

- solution[[1]]

Domain: {{0., 500.}}

Output: scalar | (t]

x[(1,1]1[t] » Iﬂtnrpnlatingﬂmr_ﬁnn.

POSITIONS[t ] = Flatten@Table[{a, b} - x[a, b][t], {2, L}, {b, L}] /. solution;
ALLPOSITIONS = Table[POSITIONS[t], {t, @, tmax, 1}];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

L = 603
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");

200% »
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Saving the evolution for easy manipulation

solution[[1]]

Domain: {{0., 500.}}

X[1l, 1] [t] » InterpolatingFunction Output: scalar

[t

- POSITIONS[t ] = FlatteneTable[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];

- ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

- L =603
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");

ALLPOSITIONS[[-1]]

[(1, 1) > -0.0364219, (1, 2} »0.248445, (1, 3} > 0.281665,
, (60, 58} - 0.0300734, (60, 59) » 0.252991, (60, 60} -+ 0.122429)

large output show less show more show all set size limit...
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Saving the evolution for easy manipulation

solution[[1]]

x[1, 1] [t] » InterpolatingFunction by L::P::: s{é:l'éfoo'}} | [t

POSITIONS[t ] = Flatten@eTable[{a, b} =» x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@Table[{a, b} - x[a, b][t], {2, L}, {b, L}] /. solution;
ENERGIES[t ] = #latteneTable[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;

- ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

L = 603
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies. txt")

- ALLPOSITIONS[[-1]]

[11.11 5 -0.0364219. (1.2} 5> 0.248445_. (1. 3} » A.281RK5K. —
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e L4 L]

solution[[1]]

x[1, 1] [t] » InterpolatingFunction iy ELM:'H s{é:i‘;rsoo'}} (t]

POSITIONS[t ] = FlatteneTable[{a, b} =» x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten®Table[{a, b} » x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[t ] =

Flattene@
2

2
2 X123, BITCI" | ooy 1t juTx[eu bltl+

2
;Sum[(x[a, bl't] -x[a+ 1, bl [t])?+ (x[a, bl [t] -x[a, b+1][t])?, (1, -1, 1}], {a, L}, (b, L}] /. solution;

Table[{a, b} - % x[a, b]'"[t]1?+w

ALLPOSITIONS = Table [POSITIONS[t], {t, 0, tmax, 1}];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

- ALLPOSITIONS[[-1]]

200% »
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FIrriris

CYCTITOTT [ T1Ey £§ 9§ =5 3§ FTTIy SYycrmmmacT [T1E3 =5 vy 1[=35 =3

;- Manipulate[ListPointPlot3D[ToPlot[t]], {t, ©, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

POSITIONS[t ] = Flatten@Table[{a, b} - x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = FlatteneTable[{a, b} - x[a, b] '[t], {2, L}, {b, L}] /. solution;

ENERGIES([t ] =

Flattene
b 2 2
Table[{a, b} » % x[a, b] '[t]? + &? u +dial[t] u; x[a, b][t]*+

= sum[(x[a, b][t] -x[a+ 1, b][t])?+ (x[a, b] [t] -x[a, b+ L1[t])?, {1, {-1, 1}}], {2, L}, {b, L}] /.

solution;

ALLPOSITIONS = Table [POSITIONS[t], {t, 0, tmax, 1}];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots
L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities. txt")

I T o sme ' e - "we
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EYETIEETIILEy =5 Y9Iy 1=y X5 FTTTy SyermmmasTrIIlEy =5y YvIry (=5 =5 FIrririls

Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@eTable[{a, b} =+ x[a, b] "[t], {a, L}, {b, L}] /. solution;
ENERGIES[t ] =

Flattene

, X[a, b1 [t]? u?

Table[{a,b}-»%x[a,b]'[t]2+w 2 +dial[t] :x[a,b][t]4+

ESum[(x[a, bl[t] -x[a+1, bl[t])*+ (x[a, b][t] -x[a, b+1]1[t])?, {1, {-1, 1}}], {2, L}, {b, L}] £

solution;
ALLPOSITIONS = Table[POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, O, tmax, 1}];
ALLENERGIES = Table [ENERGIES[t], {t, O, tmax, 1}];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

Pirsa: 18100023

200% »

Page 86/191




EYETIEETIIIEy 25 Y9Iy 1=y 5 FTTTy SyvermmmasTrIIlEy =5y YvIry (=5 =5 FIrririls

2e)- Manipulate[ListPointPlot3D[ToPlot[t]], {t, ©, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@eTable[{a, b} =+ x[a, b] "[t], {a, L}, {b, L}] /. solution;
ENERGIES[t ] =

Flattene
3 w +dial[t] “: x[a, b][t]*+

ESUM[(Xla. bl[t] -x[a+1, bl[t])*+ (x[a, b][t] -x[a, b+1]1[t])?, (1, {-1, 1}}], {2, L}, {b, L}] /.

Table[{a, b} -» % x[a, b] '[t]*+w

solution;
ALLPOSITIONS = Table[POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, @, tmax, 1}];
ALLENERGIES = Monitor | Table[ENERGIES[t], {t, @, tmax, 1}], ProgressIndicator[t, {0, tmax}]]

- ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

200% »
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EYETIEETIILEY 25 Y9Iy 1=y X5 FTTTy SyermmmasTrIIlEy =5 vIry (=5 =35 FIrririls

Manipulate[ListPointPlot3D[ToPlot[t]], {t, 0, 500, 1}]

Saving the evolution for easy manipulation

solution([[1]];

POSITIONS[t ] = Flatten@Table[{a, b} - x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@eTable[{a, b} =+ x[a, b] '"[t], {a, L}, {b, L}] /. solution;
ENERGIES[t ] =

Flattene
3 w +dial[t] u; x[a, b][t]*+

ESUM[(Xla. bl[t] -x[a+1, bl[t])*+ (x[a, b][t] -x[a, b+ 1]1[t])?, {1, {-1, 1}}], {2, L}, {b, L}] /.

Table[{a, b} » % x[a, b] '[t]*+w

solution;
ALLPOSITIONS = Table[POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, @, tmax, 1}];
ALLENERGIES = Monitor[Table[ENERGIES[t], {t, @, tmax, 1}], ProgressIndicator[t, {0, tmax}]];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

Plots

200% »
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Flattene

b] [t]? :
2 flfl_zllzl__+dial[t] %{ x[a, b][t]*+

;Surrl[(x{a. bl[t] -x[a+1, b][t])*+ (x[a, b][t] -x[a, b+1]1[t])?, {1, {-1, 1}}], {2, L}, {b, L}] /.

Table[{a, b} - % x[a, b] "[t]?+w

solution;
ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, 0, tmax, 1}];
ALLENERGIES = Monitor[Table [ENERGIES[t], (t, ©®, tmax, 1}], ProgressIndicator[t, {0, tmax}]];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES >> (NotebookDirectory[] <> "Data/velocities.txt");
ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");

Plots

L = 603
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLPOSITIONS[[-1]]

({1, 1) » -0.0364219, (1, 2} » 0.248445, (1, 3} - 0.281665,

o~ - L e e el i oo - e L W .~ -~ ~ e s |
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ALLENERGIES >> (NotebookDirectory[] <> "Data/energies. txt");

Plots

L = 603
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

200% »
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solution;
ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table [VELOCITIES([t], {(t, 0, tmax, 1}];
ALLENERGIES = Monitor[Table [ENERGIES[t], {t, @, tmax, 1}], ProgressIndicator[t, {0, tmax}]];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES >> (NotebookDirectory[] <> "Data/velocities.txt");
ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");

Plots

L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities. txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLENERGIES[[-1]]

{(1, 1} »0.712968 + ! x[1, 1][500]%, (1, 2} > 1.08788 + } =
, {60, 59} - + , {60, 60} > 0.21426 + } '[500]%}

arge output show less show more show all set size limit...

200% »

Pirsa: 18100023 Page 91/191



4 L
solution;

ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, 0, tmax, 1}];
ALLENERGIES = Monitor[Table[ENERGIES[t], {t, ®, tmax, 1}], ProgressIndicator[t, {0, tmax}]];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES >> (NotebookDirectory[] <> "Data/velocities.txt");
ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");

Plots

L = 60;

ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities. txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES[[-2]] /.!solution
{{ls 1} - x[1, 1]'[499], {1, 2} » x[1, 2]'[499], {1, 3} »x[1, 3]'[499], ’
(60, 58} - x[60, 58]'[499], (60, 59} - x[60, 59]'[499], (60, 60} - x [60, 60]' [499] }

arge output show less show more show all set size limit...
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1- legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

POSITIONS[t ] = FlatteneTable[{a, b} » x[a, b][t], {a, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@Table[{a, b} » x[a, b]'[t], {a, L}, {b, L}] /. solution;
ENERGIES([t ] =
Flattene
b t 2 2
: % +dial[t] MT x[a, b][t]*+

x
2 Sum[ (x(2, BI[E] - x[a+ 1, bILE])* + (x[3, BI[E] - X[, b+ LI[ED?, (1, (-1, 1}}], (3, L}, (b, Ly] 7.

1
Table[{a, b} » 2 x[a, b] "t12vw

solution;
ALLPOSITIONS = Table[POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, O, tmax, 1}];
ALLENERGIES = Monitor[Table[ENERGIES[t], {t, ®, tmax, 1}], ProgressIndicator[t, {0, tmax}]];

ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES >> (NotebookDirectory[] <> "Data/velocities.txt");
ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");
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legs = Graphics3D[{Cylinder[{{1, 1, ®}, {1, 1, -3}}], Cylinder[{{1, L, 0}, {1, L, -3}}],
Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

VELOCITIES[t][[1]]
{1, 1} > x[1, 1]"[t]

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@Table[{a, b} » x[a, b] '[t], {2, L}, {b, L}] /. solution;
ENERGIES[? ]| =

Flattene

2 x[a, by [t]? u?

Table[{a,b}-o%x[a,b]'[t]zq-w : +dial[t] :x[a,b][t]‘+

ESum[(x[a, bl[t] -x[a+1, b][t])*+ (x[a, b][t] -x[a, b+ 1]1[t])?, {1, {-1, 1}}], {a, L}, {b, L}] /.

solution;
- ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];

ALLVELOCITIES = Table [VELOCITIES[t], {t, O, tmax, 1}];

Al I EMEDATES - Mans+ar I TahlArcAMCDATES r+1 re A +mav 1117 Derameanee TrAscatnr i+ A 4+mavwl11 .
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1- legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

VELOCITIES[t][[1]] /. solution

{1, 1} »x[1, 1]'[t]
solution[[1]]

x[1l, 1][t] » Interpolati ngFuntﬁonl W Ei;rilfrs{égl’;foo’}} | (t]

POSITIONS[t ] = Flatten@Table[{a, b} - x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@Table[{a, b} -+ x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[f ] =

Flattene

, X[a, b][t]? u?

Table[{a,b}-r%x[a,b]'[t]zuu 5 +dial[t] :x[a, bl [t]®+

;Sum[(x[a! bl{t] -x[a+1, bl[t])®+ (x[a, bl[t] -x[a, b+11[t])?, (1, {-1, 1}}13 {a, L}, {b, L}] /e
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71~ legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

VELOCITIES[t][[1]] /. solution

{1, 1} »x[1, 1]'[t]
solution[[1]]

x[1, 1] [t] » InterpolatingFunction| gz Wy Domam {0, 5003 1 4

D[(x[1, 1][t], t] /. solution[[1]]
x[1, 1]'[t]

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@eTable[{a, b} -+ x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[t ] =
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71~ legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,

Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, ©}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

VELOCITIES[t][[1]] /. solution

{1, 1} »x[1, 1]'[t]

solution[[1]]

x[1,]

D[x[1, 1][t], t] /. solution[[1]]
x[1, 1]"[t]

POSITIONS[t ] = FlatteneTable[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten®Table[{a, b} - x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[t ] =

Flattene

1

th'lnrr- k. wla ki1trei1?,

.2 X[a, b1 [t]? u’

v ASalre LVl h1re14
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71~ legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder[{{L, 1, ®}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

VELOCITIES[t][[1]] /. solution

{1, 1} > x[1, 1]'[t]

solution[[1]]

x[1, 1][t] /. solution //|

D[x[1, 1][t], t] /. solution[[1]]
x[1, 1]7[t]

POSITIONS[t ] = FlatteneTable[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIESIt 1 = Flatten@Tablel{a. b} » xla. b1 'rt1. fa. LY. {b. L}1 /. solution:

200% »
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71~ legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O®}, {1, L, -3}}1,
Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];
VELOCITIES[t][[1]] /. solution
{1, 1} »x[1, 1]'[t]

solution[[1]]

x[1, 1][t] /. solution // D[#, t] &

Domain: {{0., 500.}}

InterpolatingFunction
P C Qutput: scalar

D[{x[1, 1][t], t] /. solution[[1]]
x[1, 1]°[t]

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;

200% »
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71~ legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O®}, {1, L, -3}}1,
Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, O, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];
VELOCITIES[t][[1]] /. solution
{1, 1} > x[1, 1]'[t]

solution[[1]]

x[1, 1] '[t] /. solution
x[1,1]'[t]

x[1, 1]([t] /. solution // D[#, t] &

Domain: {{0., 500.}}

InterpolatingFunction Outout: scalar

[t]

Nfylf1. 111+1. +1 /. ealutdianit111
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solution[[1]]

x[1, 1][t] /. solution

x[1, 1][t] /. solution //D[#, t] &

) " Domain: : .
InterpolatingFunction lmlpl nL:Z‘TS{iglﬁoo}} [t]

solution[[1]] /. g [t] = g

x[1, 1] » InterpolatingFunction W 1:];1”15{‘{:2';?00}} l
POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[¢ ] = FlatteneTable[{a, b} - x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[f ] =

Flattene

X b][t]? .
2 x[a, DI (R) 2][ ] +dial[t] “T x[a, b][t]%+

ESum[(x[a, bI[t] - x[a+1, bI[t])?+ (x[a, bI[t] - x[a, b+ 11[t])?, {1, {-1, 1}}], {2, L}, {b, L}] /.

Table[{a, b} -+ % x[a, b] "[t]*+w

solution;
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solution[[1]]

x[1, 1][t] /. solution

x[1, 1][t] /. solution //D[#, t] &

Domain: {{0., 500.}}

InterpolatingFunction
P g Qutput: scalar

Lt

solution[[1]] /. g [t] = g
X[1, 1]'[t] /.%

W Domain: {{0., 500.}}

x[1, 1] » InterpolatingFunction| Output: scalar

InterpolatingFunction I W Etlrﬁrs{igi;?oo'}} ‘ [t]

POSITIONS[f ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@Table[{a, b} - x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[f ] =
Flattene
' 1 ~ . xfa.birt1? u? i
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Z
Plot[dial[t], {t, @, 500}];

eqgs =
Table 8,2y x [, J1[t] + @’ x[i, j]1[t] +dial[t] p? x[i, 1 [t]°+
xSumx[i, J1[t] -x[i+1, JI[t] +x[i, J1[t] -x[i, 3 +11[t], {1, {-1, 1}}]1 =0, {i, L}, {j, L}] // Flatten;

- bc = Table[{x[i, J]1[0] ==0, x[i, j]"'[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], ©1}, {1, L}, {J, L}] //
Flatten;

var = Table[x[i, j]1[t]l, {7, L}, {i, L}] // Flatten;
solution = NDSolve[Join[eqs, bc], var, {t, 0, tmax}][1]!/. g [t] = &}
ToPlot([t ] =var /. x[7_, 7 1[t] -> {7, 3, x[1, jJ1[t]} /. solution;

1- legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}1,
Cylinder[{{L, 1, ©}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}1}];

Manipulate[ListPointPlot3D[ToPlot([t]], {t, 0, 500, 1}]

Saving the evolution for easy manipulation

solution[[1]];

solution[[1]]
x[1, 1][t] /. solution

200% »
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ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");

Plots
L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");

ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES([[-2]] /. solution

{{l, 1} »x[1, 1]7[(499], {1, 2} »x[1, 2]'[499], {1, 3} »x[1, 3]'[499],
{60, 58} - x[60, 58]'[499], {60, 59} » x[60, 59]'[499], {60, 60} - x[60, 69]'[499]}
show all set size limit...

arge output show less show more

ALLENERGIES[[-1]]

200% »
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ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");

Plots

L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");

ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES([[-2]] /. solution

{11, 1) P x[1, 1]7(499], {1, 2} »x[1, 2]"[499], {1, 3} »x[1, 3]'[499],
{60, 58} » x[60, 58]'[499], {60, 59} -» x[60, 59]'[499], ({60, 60} -» x[60, 60]'[499] }

arge output show less show more show all set size limit...

ALLENERGIES[[-1]]

ALLENERGIES[[-1]] // SparseArray|

200% »
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Plots

L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");

ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES([[-2]] /. solution

{{l, 1} »x[1, 1]°[(499], {1, 2} »x[1, 2]'[499], {1, 3} » x[1, 3]'[499],
{60, 58} - x[60, 58]'[499], {60, 59} - x[60, 59]'[499], {60, 60} » x[60, 6@]’[499]}

arge output show less show more show all set size limit...

ALLENERGIES[[-1]]
ALLENERGIES([[-1]] // SparseArray

SparseArray /@ ALLENERGIES|
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Plots

L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");

ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES[[-2]] /. solution

{{l, 1} - x[1, 1]°[(499], {1, 2} »x[1, 2]'[499], {1, 3} » x[1, 3]'[499],
{60, 58} - x[60, 58]'[499], {60, 59} - x[60, 59]'[499], {60, 60} » x[60, 60]’[499]}

arge output show less show more show all set size limit...

ALLENERGIES[[-1]]
ALLENERGIES[[-1]] // SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES
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Plots

L = 60;

ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES([[-2]] /. solution

{{1, 1) > x[1, 1]7(499], {1, 2} »x[1, 2]'[499], (1, 3} »x[1, 3]'[499], ;
{60, 58} > x[60, 58]'[499], {60, 59} > x[60, 59]'[499], {60, 60} - x[60, 60]'[499] }

arge output show less show more show all set size limit...

ALLENERGIES[[-1]]
ALLENERGIES[[-1]] // SparseArray
energiesMatrices = SparseArray /@ ALLENERGIES;

Table[Mean@Meane@ (energiesMatrices([[]]]), {J, 1, tmax]}]

tmax

200% »

Pirsa: 18100023 Page 108/191



Plots

L = 60;

ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities.txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

ALLVELOCITIES([[-2]] /.Isolution

{{l) 1} »x[1, 1]°[499], {1, 2} - x[1, 2]'[499], ({1, 3} —9)([1, 3]'[499], ’
{60, 58} - x[60, éﬁ]’[499] , {60, 59} - x[60, 59]'[(499], {60, 60} - x[60, 53]’[499]}

arge output show less show more show all set size limit...

ALLENERGIES[[-1]]
ALLENERGIES[[-1]] // SparseArray
energiesMatrices = SparseArray /@ ALLENERGIES;

Table[Mean@Mean@ (energiesMatrices[[]]]1), {1, 1, tmax}] (+ = 1/3 =)

200% »
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Plots

L = 603
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities,txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

$Aborted

$Aborted

Y
ALLVELOCITIES([[-2]] /. solution

({1, 1} »2.12164, (1, 2} » -0.557653, (1, 3} » -0.723602,
, (60, 58} > -0.702605, (60, 59} » -0.292339, (60, 60} » 1.64309}

arge output show less show more show all set size limit...

ALLENERGIES[[-1]]
ALLENERGIES[[-1]] // SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;
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L] T W

L = 60;
ALLPOSITIONS = << (NotebookDirectory[] <> "Data/positions.txt");
ALLVELOCITIES = << (NotebookDirectory[] <> "Data/velocities. txt")
ALLENERGIES = << (NotebookDirectory[] <> "Data/energies.txt")

SAborted

$Aborted

ALLENERGIES[[-4]]

{(1, 1) »1.148, (1, 2} »0.937023, (1, 3} > 0.0683552,
, {60, 58) > 0.162234, {60, 59} » 0.841085, (60, 60} » 1.53002]

arge output show less show more show all set size limit...

ALLENERGIES[[-1]] // SparseArray
energiesMatrices = SparseArray /@ ALLENERGIES;

Table [Mean@Mean@ (energiesMatrices([[]]]), {J, 1, tmax}] (« = 1/ =)

200% »
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, (60, 58] - 0.162234, (60, 59) > 0.841085, (60, 60) - 1.53002]

arge output show less show more show all set size limit...

ALLENERGIES[[-1]] // SparseArray

Specified elements: 3600
Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

Table[Mean@Meane@ (energiesMatrices[[]]]), {], 1, tmax}] (+ = 1/F =)

(0.809413, 0.809413, 0.809413, 0.809413, 0.809412, 0.809412, 0.809412, 0.809412, 0.809412, 0.809412, 0.809412,
0.809412, 0.809412, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413,
0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413,
0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413,
0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413,
0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413,
0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413,
0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809413, 0.809414, 0.809414,
0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414,
0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414,
0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414,
0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414, 0.809414,
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, (60, 58] - 0.162234, (60, 59) > 0.841085, (60, 60) - 1.53002]

large output show less show more show all set size limit...

ALLENERGIES[[-1]] // SparseArray

S seA [ Specified elements: 3600
Sparse rray. E Dimensions: {60, 60}

energiesMatrices = SparseArray /@ ALLENERGIES;

Table[Mean@Meane (energiesMatrices[[j]]), {J, 1, tmax}] (+ = 1/8 +) // ListPlot

0.81/ \
u.aoE :
0.795
0.78 |
0.775

0.76 |

(:] - -'1[-1[}- o -2(-]0- o -BE-JD - -41-10- o -Sli)D
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solution = NDSolve[Join[egs, bc], var, {t, 0, tmax}][1] /. 2 [t] = 2}
- ToPlot[t ] =var /. x[7_, 7 1[t] ->{i, 3, x[i1, j1[t]l} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder[{{L, 1, 0}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, ©, 500, 1}];

Saving the evolution for easy manipulation

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[t ] = Flatten@Table[{a, b} » x[a, b] '[t], {2, L}, {b, L}] /. solution;
ENERGIES[? ]| =

Flattene

, x[a, b] [t]? u?

Table[{a, b} - ; x[a, b] "[t]1?+w +dial[t] Tx[a, byrt]*+

ESum[(x[a, bI[t] -x[a+ 1, bI[t])?+ (x[a, b [t] -x[a, b+ 11[t]))?, (1, (-1, 1}}], (2, L}, (b, L}] /.

solution;

ALLPOSITIONS = Table [POSITIONS[t], {t, 0, tmax, 1}];

ALLVELOCITIES = Table [VELOCITIES[t], {t, ©, tmax, 1}];

A N RIS M.~ fa . _rT_ LY - rrEmEReTEs Ly - -~ A e - [ TR [ . -~ e % A
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arge output show less show more show all set size limit...

ALLENERGIES[[-1]] // SparseArray

i Specified elements: 3600

Spar’ﬂt‘.l—\r’ray . Dimensions {60, 60}

energiesMatrices = SparseArray /@ ALLENERGIES;

Table[Mean@Meane@ (energiesMatrices[[]]]), {J, 1, tmax}] (+ = 1/8 =) //

2 2
L'istPlot[{xr, 1 (1 v E) y # [1 B I]}’ PlotStyle -+ Black, Joined » True] &

0.84 |

0.82

0.80 |

078!

0.76 |

0.74

0 100 200 300 400 500
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ALLENERGIES[[-1]] // SparseArray

Specified elements: 3600
Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {j, 1, tmax}] (» = 1/8 =) //

2 2
ListPlot[{n, -4 [1 + :) y B [1 - :)}, PlotStyle » Black, Joined - True] &;

200% »
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ALLENERGIES[[-1]] // SparseArray

Specified elements: 3600
Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {j, 1, tmax}] (» = 1/8 =) //

2 2
ListPlot[{n, 1 [1 + :) y B [1 - E]}’ PlotStyle -+ Black, Joined -+ True] &;

energiesMatrices[[t, L (ji-1) +1;; L (i-1)+1]], (i, 1, L/}, {§j, 1, L/ 1}

200% »
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ALLENERGIES[[-1]] // SparseArray

| Specified elements: 3600
Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {j, 1, tmax}] (» = 1/8 =) //

2 2
ListPlot[{n, 1 [1 + :) y # [1 - E)}’ PlotStyle » Black, Joined -+ True] &;

—

energiesMatrices[[t, L (J-1)+133 13, L(i-1)+1]], {i,1,L/1}, {3, 1,L/ 1}
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ALLENERGIES[[-1]] // SparseArray

Specified elements: 3600
Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {j, 1, tmax}] (» = 1/8 =) //

2 2
ListPlot[{n, -4 [1 + :) y B [1 - I)}’ PlotStyle -+ Black, Joined -» True] &;

energiesMatrices[[t, L (J-1)+1;; 13, L(i-1)+1, Li1], {i,1, L/}, {j,1,L/1}
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ALLENERGIES[[-1]] // SparseArray

8 Specified elements: 3600
Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean®@ (energiesMatrices[[]]]), {j, 1, tmax}] (» = 1/8 =) //

2 2
ListPlot[{n, -4 [1 + E) y B [1 - E)}’ PlotStyle -+ Black, Joined -+ True] &;

energiesFourCorners =
Table[Table[Mean@Meane@ (energiesMatrices[[t, L (j-1) +1;; 1j, L (i-1)+1, 1411), {1, 1, L/ 1}, {j,1,L/1}],
{n, 1, 5600}]
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ALLENERGIES[[-1]] // SparseArray

Specified elements: 3600
| Dimensions: {60, 60}

SparseArray

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {j, 1, tmax}] (» = 1/8 =) //

2 2
ListPIot[{n, 1 [1 + E) y B [1 - I)}’ PlotStyle » Black, Joined -» True] &;

energiesFourCorners =
Table[Table[Mean@Meane (energiesMatrices[[t, L (j-1) +1;; 13, L(i-1)+1, 14911), {i, 1, L/ 1}, {i,1,L/1}],
{n, 1, 500}]

an
ou

I ] , :
- Table: Iterator {i, 1, — » does not have appropriate bounds.

[ 601
- Table: Iterator {i, 1, ;rcic;eﬁ not have appropriate bounds.

L ()

r. . 609y
- Table: Iterator (|, » does not have appropriate bounds.

L | J

- General: Further output of will be suppressed during this calculation.
601

:dCOSFCIP&JC’:EPQDHJtObCUFd&
J

- Table: Iterator i, 1
| | J

200% »
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< A [ Specified elements: 3600
sparsearray Dimensions: {60, 60}

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]1]), {j, 1, tmax}] (# = 1/8 =) //

2 2
ListPlot[{n,:r[1+ E]’ n[l-f]}, PlotStyle-oBIack,Joined-oTrue]&;

1=L/2;

energiesFourCorners =

Table[Table[Mean@Mean@ (energiesMatrices[[t, L (J-1) +13; 13, 1L (i-1)+1,14]11), {i,1,L/1}, {§,1,L/1}],
{n, 1, 500}]
Part: The expression t cannot be used as a part specification.

+ Part: The expression t cannot be used as a part specification.

- Part: The expression t cannot be used as a part specification.
- General: Further output of Part::pkspec1 will be suppressed during this calculation.
$Aborted| |

200% »
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SPTCTTET TIETTTET IS, SUUy

SparseArray Dimensions: {60, 60}

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean®@ (energiesMatrices[[]]]), {J, 1, tmax}] (« = 1/8 «) //

2 2
ListPlot[{n, n [1 + :) , 2 (1 - :)}’ PlotStyle » Black, Joined-»True] &;

1=L/2;

energiesFourCorners =

Table[Table[Mean@Meane@ (energiesMatrices[[t, L (1 -1) +1 33 13, L(i-1)+13;3;1411), {i,1,L/1}, {j,1,L/1}],
{t, 1, 500}]

{{{e, 8.17424x10**}, {1.12882x10*", 3.23765}}, {{0.000510291, 0.0532233}, {0.0536415, 3.13028}},

({0.00452592, 0.0871111}, {0.0864609, 3.05955}}, {{0.00931268, 0.152758}, {0.146991, 2.92859}},
({0.0176598, 0.221099}, (0.211958, 2.78693}}, {(0.0247266, 0.290279}, (0.284581, 2.63806)} },
({0.0323115, 0.223526}, {0.217742, 2.76407}}, {{0.0347856, 0.207599}, {0.189443, 2.80582}},
{{0.0413473, 0.267199}, {0.260929, 2.66817}}, {{0.0337515, 0.282457}, (0.288265, 2.63318}},
({0.0301335, 0.300389}, {0.301258, 2.60587}}, {{0.0376081, 0.35912}, {0.361653, 2.47927}},
{{0.0584431, 0.39465}, (0.417086, 2.36747}}, {{0.083077, 0.397541}, {0.452569, 2.30446)} },
{{0.104014, 0.393917}, {0.424829, 2.31489}}, {{0.114826, 0.385}, {0.397761, 2.34006}},
{{0.124252, 0.370103}, {0.389537, 2.35376}}, {{0.134591, 0.382354}, {0.374094, 2.34661}},
{{0.145081, 0.39757}, {0.359803, 2.3352}}, {{0.153643, 0.412836}, {0.367134, 2.30404}},
({0.138356, 0.454799}, (0.390894, 2.2536}}, {(0.126844, 0.488459}, {0.401327, 2.22102}},
({0.131048, 0.520616}, {0.414783, 2.1712}}, {{0.155491, 0.528052}, {0.444597, 2.10951}},

200% »
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SparseArray | Dimensions: {60, 60}

energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean® (energiesMatrices[[]]]), {i, 1, tmax}] (« = 1/8 «) //

2 2
ListPlot[{n, s [1 + E) - [1 - E)}’ PlotStyle - Black, Joined—»True] &;

1=L/2;
energiesFourCorners =
Table[Flatten@Table[Mean@Meane (energiesMatrices[[t, L (1 -1) +1;; 13, L(i-1)+133;1111),
{-i’ 1’ Lll}! {j’ 1’ Lll}]’ {t, 1’ 509}]

{{lo, 8.17424x10°*%, 1.12882x10 %7, 3.23765}, (0.000510291, 0.0532233, 0.0536415, 3.13028},

(0.00452592, 0.0871111, 0.0864609, 3.05955}, {0.00931268, 0.152758, 0.146991, 2.92859},
(0.0176598, 0.221099, 0.211958, 2.78693}, (0.0247266, 0.290279, 0.284581, 2.63806},
(0.0323115, 0.223526, 0.217742, 2.76407}, (0.0347856, 0.207599, 0.189443, 2.80582},
{0.0413473, 0.267199, 0.260929, 2.66817}, (0.0337515, 0.282457, 0.288265, 2.63318},
({0.0301335, 0.300389, 0.301258, 2.60587}, {0.0376081, 0.35912, 0.361653, 2.47927},
{0.0584431, 0.39465, 0.417086, 2.36747}, {0.083077, 0.397541, 0.452569, 2.30446},
{0.104014, 0.393917, 0.424829, 2.31489}, {0.114826, 0.385, 0.397761, 2.34006},
(0.124252, 0.370103, 0.389537, 2.35376}, (0.134591, 0.382354, 0.374094, 2.34661},
{0.145081, 0.39757, 0.359803, 2.3352}, {0.153643, 0.412836, 0.367134, 2.30404},
(0.138356, 0.454799, 0.390894, 2.2536}, {0.126844, 0.488459, 0.401327, 2.22102},
(0.131048, 0.520616, 0.414783, 2.1712}, {0.155491, 0.528052, 0.444597, 2.10951},

200% »

Pirsa: 18100023 Page 124/191



1=L/2;

energiesFourCorners =

Table[Flatten@Table[Mean@Meane (energiesMatrices[[t, L (1 -1) +1;; 13, L(i-1)+13;1111),
{i,1,L/1}, {3, 1, L/1}], {t, 1, 500}]

200% »
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energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {j, 1, tmax}] (« = 1/8 =) //

2 2
ListPlot[{n, 1 [1 + E] y B (1 - []}’ PlotStyle -» Black, Joined -» True] &;

1=L/2;
energiesFourCorners =
Table[Flatten@Table[Mean@Mean®@ (energiesMatrices[[t, 1 (J-1) +13; 13, L(i-1)+13;117]11),
(i,1,L/1}, {i,1,L/1}], {t, 1, 500}] // ListPlot;
n

Show[energiesFourCorners, energyConservation]

Fr ' @ 17 3 1 ¢
- Show: Could not combine the graphics objects in Show|{(0, 8.17424 x10" ", 1.12882x10""", 3.23765}, «<49>, «<450> }, 1
g J 76|

01008080800

show[{{e, 8.17424x10 *%, 1.12882x10 %7, 3.23765}, (0.000510291, 0.0532233, 0.0536415, 3.13028),

(0.00452592, 0.0871111, 0.0864609, 3.05955}, {0.00931268, 0.152758, 0.146991, 2.92859},
(0.0176598, 0.221099, 0.211958, 2.78693}, (0.0247266, 0.290279, 0.284581, 2.63806},
{0.0323115, 0.223526, 0.217742, 2.76407}, {0.0347856, 0.207599, 0.189443, 2.80582},
(0.0413473, 0.267199, 0.260929, 2.66817}, {0.0337515, 0.282457, 0.288265, 2.63318},
{0.0301335, 0.300389, 0.301258, 2.60587}, {0.0376081, 0.35912, 0.361653, 2.47927},
[0.0584431, 0.39465, 0.417086, 2.36747}, (0.083077, 0.397541, 0.452569, 2.30446},
[0.104014, 0.393917, 0.424829, 2.31489}, {0.114826, 0.385, 0.397761, 2.34006},
[0.124252, 0.370103, 0.389537, 2.35376}, (0.134591, 0.382354, 0.374094, 2.34661},
{0.145081, 0.39757, 0.359803, 2.3352}, {0.153643, 0.412836, 0.367134, 2.30404},
(0.138356, 0.454799, 0.390894, 2.2536}, (0.126844, 0.488459, 0.401327, 2.22102},
[0.131048, 0.520616, 0.414783, 2.1712}. {0.155491, 0.528052. 0.444597, 2.10951} ,

200% »
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energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {], 1, tmax}] (« = 1/8 =) //

2 2
ListPlot[{n, 1 [1 + E) y B [1 - []}’ PlotStyle -+ Black, Joined -» True] &;

1=L/2;
energiesFourCorners =
Table[Flatten@Table[Mean@Mean@ (energiesMatrices[[t, L (7 -1) +1 ;3 13, L(i-1)+13;1411),

fite,
0.

.138356, 0.126844, 0.131048, 0.155491, 0.170487, 0.174996, 0.193464, 0.213356, 0.233087, 0.261776, 0.2943,

.323565, 0.344327, 0.363035, 0.381296, 0.401461, 0.426978, 0.454972, 0.484933, 0.521359, 0.565183,

.594297, 0.62576, 0.647628, 0.679077, 0.714002, 0.736047, 0.747974, 0.767465, 0.789836, 0.816781, 0.83848,

.854331, 0.872294, 0.878009, 0.872108, 0.876, 0.890441, 0.898691, 0.904711, 0.905306, 0.897464, 0.898185,

.89493, 0.883591, 0.884083, 0.89177, 0.890249, 0.887698, 0.88518, 0.875782, 0.86703, 0.869273, 0.85804,

.847388, 0.844703, 0.84544, 0.847148, 0.840557, 0.834735, 0.842831, 0.848345, 0.834347, 0.821633, 0.818968,

.820964, 0.830265, 0.833658, 0.831439, 0.830181, 0.825906, 0.82286, 0.821737, 0.816199, 0.8117, 0.813909,

.814163, 0.813212, 0.815771, 0.817389, 0.80726, 0.7969, 0.78967, 0.79035, 0.786516, 0.770617, 0.761266,

.754115, 0.766417, 0.779823, 0.78375, 0.782449, 0.790528, 0.794505, 0.789543, 0.7813, 0.787674, 0.800933,

.80718, 0.812292, 0.824281, 0.830593, 0.830036, 0.824815, 0.817058, 0.813824, 0.818758, 0.827181,

.828489, 0.834383, 0.84265, 0.840203, 0.833537, 0.826868, 0.829228, 0.830723, 0.837707, 0.841715,

.844771, 0.844601, 0.837161, 0.834929, 0.834658, 0.827435, 0.816421, 0.808458, 0.798854, 0.795972,

.791197, 0,786954, 0.783379, 0.783185, 0.786774, 0.797092, 0.802984, 0.80402, 0.798894, 0.799096,

.807688, 0.810853, 0.807936, 0.80386, 0.814181, 0.821945, 0.81554, 0.805242, 0.803238, 0.80179, 0.80666,

.809233, 0.801977, 0.798529, 0.800809, 0.802632, 0.803106, 0.805944, 0.803992, 0.810268, 0.818756,

0 0 0 6 @@ & © & 0 & 0o 0 0o e o

Pirsa: 18100023

{i! 1! Lll}! {j! 1! Lll}]! {t! 1! 500}]T

0.000510291, 0.00452592, 0.00931268, 0.0176598, 0.0247266, 0.0323115, 0.0347856, 0.0413473, 0.0337515,
0301335, 0.0376081, 0.0584431, 0.083077, 0.104014, 0.114826, 0.124252, 0.134591, 0.145081, 0.153643,

200% »
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energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), (i, 1, tmax}] (« = 1/8 «) //

2 2
ListPIot[{n’, 1 [1 + E) y # [1 - I)}’ PlotStyle - Black, Joined -+ True] &;

1=L/2;

energiesFourCorners =

Table[Flatten@Table[Mean@Mean@ (energiesMatrices[[t, L (7 -1) +1 35313, L(i-1)+13;14]11),
{(i,1,L/1}, (i, 1, L/1}], {t, 1, 560}]" // ListPlot

1.0
- LT W
08! Y - z"‘—;”‘ ‘é:f‘.’i’ e Lo, . ™ M
PRI O S ety
2y A Ty e P .
06}
04
0.2}
[
100 200 300 400 500

Show[energiesFourCorners, energyConservation]

200% »
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energiesMatrices = SparseArray /@ ALLENERGIES;

energyConservation = Table[Mean@Mean@ (energiesMatrices[[]]]), {i, 1, tmax}] (« = 1/8 «) //

2 2
ListPlot[{n, 1 [1 + E) y # (1 - I]}’ PlotStyle -+ Black, Joined » True] &;

1=L/2;
energiesFourCorners =
Table[Flatten@Table[Mean@Mean® (energiesMatrices[[t, 1 (J-1) +133 13, L(i-1)+13;1L31]),
{(i,1,L/1}, (i, 1, L/1}], {(t, 1, 500}]" // ListPlot;

Show[energiesFourCorners, energyConservation]

1.0

0.8 - 30— . SN\ -

0.6 : x
0.4}

0.2

100 200 300 400 500

200% »
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T Z;
energiesFourCorners =
Table[Flatten@Table[Mean@Mean@ (energiesMatrices[[t, L (7 -1) +1;33 13, L(i-1)+13;1411),
{i,1, L/}, {i,1,L/1}], {t, 1, 500}]7 // ListPlot;

Show[energiesFourCorners, energyConservation, PlotRange » All]

30}
25|

2.0

0.5 Ny

100 200 300 400 500

200% »
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=4;w=1; tmax = 500; u = 0 x/5;
X[7 , 7 ][t 1/57>LY 7120V Jj>LY =<0 :t=x[Mod[7, L, 1], Mod[7/, L, 1]][ 2]

1- Tanh[—“f:"]
dial[t ] = 5 :

Plot[dial[t], {t, 8, 500}];

eqs =
Table[dce,2; X[, 1[t] +w? x[i, J][t] +dial(t] u® x[i, j][t]"+
xSum{x[i, J1[t] - x[i+1, JI[t] +x[i, J1[t] -x[i, 3 +11[t], {1, {-1, 1}}] =0, {i, L}, {j, L}] // Flatten;

bc = Table[{x[1, ]]1[0] ==0, x[1, ]]1'[0] ==If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], ©1}, {i, L}, {i, L}] //
Flatten;

var = Table[x[i, j]1[t], {7, L}, {J, L}] // Flatten;

solution = NDSolve[Join[eqgs, bc], var, {t, 0, tmax}][1] /. g2 [t] = 2}
ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, J, x[i, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, 0}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}}],
Cylinder([{{L, 1, @}, {L, 1, -3}}], Cylinder[{{L, L, O}, {L, L, -3}}11}];

Manipulate[ListPointPlot3D[ToPlot[t]], {t, 08, 500, 1}];
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Saving the evolution for easy manipulation

POSITIONS[t ] = Flatten@Table[{a, b} » x[a, b][t], {2, L}, {b, L}] /. solution;
VELOCITIES[¢ ] = FlatteneTable[{a, b} - x[a, b] '[t], {a, L}, {b, L}] /. solution;
ENERGIES[® ] =

Flattene

, x[a, bl [t]? g

Table[{a, b} » %x[a, b]'[t]®+w +dial[t] MT x[a, b][t]*+

x
2 Sum[(x[2, bI[t] -x[a+ 1, BI[ED)?+ (x[a, BI[] -x[2, b+ L1[EN?, (1, (-1, 1}}], (2, L}, (5, Ly] /.
solution;
&
ALLPOSITIONS = Table [POSITIONS[t], {t, O, tmax, 1}];
ALLVELOCITIES = Table[VELOCITIES[t], {t, 0, tmax, 1}];
ALLENERGIES = Monitor[Table [ENERGIES[t], {(t, ®, tmax, 1}], ProgressIndicator[t, {0, tmax}]];
ALLPOSITIONS >> (NotebookDirectory[] <> "Data/positions.txt");

ALLVELOCITIES >> (NotebookDirectory[] <> "Data/velocities.txt");
ALLENERGIES >> (NotebookDirectory[] <> "Data/energies.txt");

Plots
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energyConservation = Table[Mean@Meane@ (energiesMatrices[[]]]), {J, 1, tmax}] (+« = 1/B «) //

2 2
L-istPlot[{r:, 7 [1 + E) y B [1 - I]}’ PlotStyle » Black, Joined » True] &;

1=L/2;
energiesFourCorners =
Table[Flatten@Table [Mean@Mean® (enérgiesMatrices[[t, 1 (J-1) +13; 13, L(i-1)+13;11711),
(i, 1,L/1}, {i, 1, L/1}], {t, 1, 500}]7 // ListPlot;

Show[energiesFourCorners, energyConservation, PlotRange - All]

30/

100 200 300 400 500

200% »
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Punching the Table. Time Evolution.

ClearAll[x]
L=60; x=4; w=1; tmax = 500; u = 5;
X[7 , 7 ][t ]1/37>LY7120VYji>LY =<0 :t=x[Mod[7, L, 1], Mod[7/, L, 1]][Z]

1-Tanh[ﬂ]
" 10
dial[t ] = > H

Plot[dial[t], {t, 0, 500}];

eqs =
Table[d(c,2; X[, 1[t] +w? x[i, j][t] +dial(t] u® x[i, jI[t]"+
xSum{x[i, J1[t] -x[i+1, JI[t] +x[i, J1[t] -x[7, 3 +11[t], {1, {-1, 1}}] = O, {i, L}, {i, L}] // Flatten;

bec = Table[{x[i1, j][0] == 0, x[i1, ] "'[0] == If[i>3L/4A]j>3L/4, RandomReal[{4, 6}], O]}, {1, L}, {3, L}] 7/
Flatten;

var = Table[x[i, j]1[t], {7, L}, {i, L}] // Flatten;

solution = NDSolve[Join[egs, bc], var, {t, 0, tmax} ] [1] /. g [t] = 2}
ToPlot[t ] =var /. x[7 , 7 1[t] ->{i, 3, x[i, J1[t]} /. solution;

legs = Graphics3D[{Cylinder[{{1, 1, ©}, {1, 1, -3}}], Cylinder[{{1, L, O}, {1, L, -3}1}1,

- = . - - - = . - -_——  =e & meae=ome==

200% »
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Show[energiesFourCorners, energyConservation, PlotRange » All]

30}

251"

100 200 300 400 500

Propagator

ALLPOSITIONS[ [560]]

[(1, 1) » -0.0528715, (1, 2} »0.305811, (1, 3} » 0.332093,
, {60, 58} > -0.0778283, (60, 59} - -0.322094, (60, 60} - 0.149499}

arge output show less show more show all set size limit...

200% »
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30}

25
20
15|
1.0/ .
e
05
- 100 200 300 400 500
Propagator

{i, j} /.IALLPOSITIONS[ [500] ]

200% »
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304

25
2.0
15/
10/ .
e e——
0.5
- 100 200 300 400 500
Propagator

({i, j} /. ALLPOSITIONS[[500]]) ({i +nx, j + ny} /. ALLPOSITIONS[ [500]])

200% »
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® 7 4 T ORI T T TIT T E T T T T

Show[energiesFourCorners, energyConservation, PlotRange - All]

3.0

20

100 200 300 400 500

Mean@Mean@ (energiesMatrices[[-50]])

Propagator

({i, j} /. ALLPOSITIONS[[500]]) ({7 +nx, j+ny} /. ALLPOSITIONS[[500]])

200% »
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® 7 7 TR T T T TIT T E T T T T

Show[energiesFourCorners, energyConservation, PlotRange - All]

3.0}

20

100 200 300 400 500
Mean@Mean@ (energiesMatrices[[-1]])

0.72462

Propagator

({i, i} /. ALLPOSITIONS[[500]]) ({i +nx, j + ny} /. ALLPOSITIONS[[560]])

200% »
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® 7 7 TR T T T I T E T T T T

Show[energiesFourCorners, energyConservation, PlotRange - All]

3.0}

20

100 200 300 400 500

peff =1/ (Mean@Mean@ (energiesMatrices[[-1]]))

Propagator

({(i, j} /. ALLPOSITIONS[[500]]) ({i + nx, j + ny} /. ALLPOSITIONS[[500]])

200% »
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® 7 7 TR T T T TIT T E T T T T

Show[energiesFourCorners, energyConservation, PlotRange - All]

3.0}

20

100 200 300 400 500

Beff = 1/ (Mean@Mean@ (energiesMatrices[[-1]]))

1.38003

Propagator

({(i, i} /. ALLPOSITIONS[[500]]) ({i +nx, j + ny} /. ALLPOSITIONS[[500]])

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

Table|
({7, 3} /. ALLPOSITIONS[[500]]) ({Mod[7 +nx, L, 1], Mod[] +ny, L, 11} /. ALLPOSITIONS[[500]])
s {15 L}y {d, L}, {nx, =L /6, L/6}, (xyl
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

‘Table[
({7, 3} /. ALLPOSITIONS[[500]]) ({Mod[i +nx, L, 1], Mod[] +ny, L, 11} /. ALLPOSITIONS[[500]])
s {1y L}y {d, L}, {nx, -L/6,L/6}, {ny, -L/6, L/6}]

200% »
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

Monitor[Table[
({1, J} /. ALLPOSITIONS[[500]]) ({Mod[7 +nx, L, 1], Mod[] +ny, L, 11} /. ALLPOSITIONS[[500]])
s {15 L}, {Js L}, {nx, -L/6, L/6}, {ny, -L/6, L/6}], {i, j}]

200% »
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
({7, 3} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[] +ny, L, 1]} /. ALLPOSITIONS[[500]])
s {15 L}, {35 L}, {nx, -L/6,L/6}, {ny, -L/6, L/6}], {i, j}]

{1, 22)

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
({7, 1} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 11} /. ALLPOSITIONS[[500]])
s {15 L}, {Jy L}, {nx, -L/6,L/6}, {ny, =L/ 6, L/6}], {i, i}]

$Aborted

Mean@Mean@end

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, 3} /. ALLPOSITIONS[[-1]]) ({Mod[7 +nx, L, 1], Mod[] +ny, L, 1]} /. ALLPOSITIONS[[500]])}
s {1, L}, {3, L}, {nx, -L/6,L/6}, {ny, -L/6, L/6}], {i, j}]

{1, 28)

Mean@Mean@end

200% »
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor [Table[
{rixy, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {1, L}, {35 L}, {nx, -L/6,L/6}, {ny, -L/6, L/6}], {i, j}]

{5, 45)

Mean@Mean@end // Flatten[#, 1] &

200% »
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({i, 3} /. ALLPOSITIONS[[-1]]) ({Mod[7 +nx, L, 1], Mod[]j +ny, L, 1]} /. ALLPOSITIONS[[-1]1])}
s {15 L}, {J, L}, {nx, -L/6,L/6}, {ny, =L/ 6, L/6}], {i, 3}]

{11, 42)

Mean@Mean@end // Flatten([#, 1] & // ListPlot3D[#, PlotRange » All, PlotStyle » Blue] &

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices[[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, 3} /. ALLPOSITIONS[[-1]]) ({Mod[7 +nx, L, 1], Mod[]j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
y {1, L}, {3, L}, {nx, -L/6, L/ 6}, {ny, -L/6, L/6}], {i, J}]

{16, 30}

experiment = Mean@Mean@end // Flatten([#, 1] & // ListPlot3D[#, PlotRange » All, PlotStyle » Blue] &

1
theory = =
L

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {15 L}, {3, L}, {nx, -L/6, L/6}, {ny, -L/6, L/6}], {i, J}]

(25, 28)

experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange -» All, PlotStyle » Blue] &

Exp[-I (nx 2T" ix + ny ZT" iy) ]

m}

1 1
theory = —

Sum[
L? Beff

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {15 L}, {3, L}, {nx, -L/6, L/6}, {ny, -L/6, L/6}], {i, J}]

(35, 36)

experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange -» All, PlotStyle » Blue] &

1 1 [ EXP[-I (nxz—"‘i)(q-nyz" ‘iy)]

. n
theory = Table[{nx, ny, = — su Wl +ax (sin[22 2]?sin[ 22 2]7)

, {ix, -L/2,L/2}, {iy, -L/2, L/2}]},

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {15 L}, {3, L}, {nx, -L /6, L/6}, {ny, -L/6, L/6}], {i, J}]

(35, 48)

experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange -» All, PlotStyle » Blue] &

1 1 [ EXp[-I (nxz_"-ix+ny2rr "iy)]

1 : T
L? pBeff

theory-Table[{nx, ny, , {ix, -L/2, L/2}, {iy, -L/2, sz}]},

w?+4x (S‘in[zT" ";‘]%ﬁn[%" 121]2)

{nx, -L/6, L/6}, {ny, -L/6, L/G}”

200% »
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {15 L}, {35 L}, {nx, -L /6, L/6}, {ny, -L/6, L/6}], {i, J}]

{38, 44)

experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange » All, PlotStyle » Blue] &

theory =

1 1 y [ EXP['I (nxzfix+ny2T"1'y)]

Mom’tor‘[Table[{nx, ny, — o (Sin[zT" e +S1'n[2T" -;-]2) , {ix, -L/2, L/2}, {iy, -L/2, sz}]},

L? Beff

{nx, -L/6, L/6}, {ny, -L/6, L/s}], {nx, ny}] // Flatten[#, 1] & //
ListPlot3D[#, PlotRange - All, PlotStyle » Bllue] &

200% »
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peff = 1/ (Mean@Mean®@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({7, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {15 L}, {35 L}, {nx, -L/6, L/6}, {ny, -L/6, L/6}], {i, J}]

{41, 52)

experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange » All, PlotStyle » Blue] &

theory =

1 1 y [ EXP['I (nxzfix+ny2T"1'y)]

Monitor‘[Table[{nx, ny, — o (Sin[%ﬂ e +S1'n[2T" -:-]2) , {ix, -L/2, L/2}, {iy, -L/2, sz}]},

L? Beff

{nx, -L /6, L/6}, {ny, -L/6, L/e}], {nx, ny}] // Flatten[#, 1] & //
ListPlot3D[#, PlotRange - All, PlotStyle » Directive[Yellow, Specularity[White, 20], Opacity[0.5]]]] &

200% »
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peff =1/ (Mean@Mean@ (energiesMatrices([[-1]]))

1.38003

Propagator

end = Monitor[Table[
{nx, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {1, L}, {J, L}, {nx, -L/6,L/6}, {ny, -L/6, L/6}], {1, j}]

{45, 41)
experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange -» All, PlotStyle » Blue] &

theory =

11 Exp[-I (nsz"'ixq-nsz"iy)]
um[

Mon‘itor[Table[{nx, ny, — . (Sﬁn[zT" o +$1‘n[ZT" —2!]2) , {ix, -L/2, L/2}, {iy, -L/2, L/2}]},

L? peff

{nx, -L/6, L/6}, {ny, -L/6, L/G}], {nx, ny}] // Flatten[#, 1] & //
ListPlot3D[#, PlotRange -+ All, PlotStyle -+ Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;

Show[theory, experiment]|

200% »
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Propagator

end = Monitor[Table[
{nx, ny, ({1, 7} /.« ALLPOSITIONS[[-1]]) ({Mod[i +nx, L, 1], Mod[j +ny, L, 1]} /. ALLPOSITIONS[[-1]]1)}
s {1, L} {J5 L}, {nx, -L/6,L/6}, {ny, -L/6, L/6}], {1, j}]

{ s :

{{{{-10, -10, 0.0253081}, {-10, -9, -0.0664338}, , {-10, 10, -0.029583}}, y | b
| b}

arge output show less show more show all set size limit...

experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange - All, PlotStyle » Blue] &

theory =

Exp|-I nx & ix + ny i 4y
Mon‘itor[Table[{nx, ny, . [ R Sl z 1Y)]

{ix, -L/2, L/2}, {iy, -L/2,L/2}
L? Beff Uz+4K(51'ﬂ[3L—" ;_I]Z"'s'iﬂ[‘zl.—" izi]z)’ ’ ’ ’ ’ ’ ]},

(nx, -L/6, L/6}, {ny, -L/6, L/G}], {nx, ny}] // Flatten([#, 1] & //
ListPlot3D[#, PlotRange » All, PlotStyle » Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;

Show[theory, experiment]

200% »
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end = Monitor[Table[
{nx, ny, ({1, J} /. ALLPOSITIONS[[-1]]) ({Mod[7 +#nx, L, 1], Mod[] +ny, L, 1]} /. ALLPOSITIONS[[-1]])}
s {1, L}, {Js L}, {nx, -L/6,L/6}, {ny, -L/6,L/6}], {1, j}]

{{ }s ;

{{{{-10, -10, ©.0253081}, {-10, -9, -0.0664338}, , {-10, 10, -0.029583}}, » 1 b
» { }H}
show less show more show all set size limit...

experiment = Mean@Mean@end // Flatten([#, 1] & // ListPlot3D[#, PlotRange -» All, PlotStyle -» Blue] &
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experiment = Mean@Mean@end // Flatten[#, 1] & // ListPlot3D[#, PlotRange -+ All, PlotStyle -» Blue] &

theory =

I

Exp|-I nxz—"ix+ny2—“iy
Mon‘itor[Table[{nx, ny, —1— - um [ ( L_ L )] >
L? peff w2+4x(5‘in[2T" f]2+51'n[2T" —;] )

, (ix, -L/2, L/2}, {iy, -L/2, sz}]},

{nx, -L/6, L/6}, {ny, -L/6, L/G}], {nx, ny}] // Flatten[#, 1] & //
ListPlot3D[#, PlotRange » All, PlotStyle » Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;

{-10, -5)

Show[theory, experiment]

00% »
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theory =

Exp[-I (nx 2Z ix +ny 2Z iy
Mon'itor[Table[{nx, ny, i L Sum[ [ ( L L )]

ixy, =L/2,L/2 iy, -L/2,L/2
% e » (3%, y L/2}, (iy, y L/2}]},

w2+4x(5in[2T" ;—"]2+S1'n[2T" _'21]2)
{nx, -L/6, L/6}, {ny, -L/6, L/G}], {nx, ny}] // Flatten[#, 1] & //

ListPlot3D[#, PlotRange -» All, PlotStyle » Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;
{7, -9}

Show[theory, experiment]
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theory =

1 1 [ EXP[-I (nsz"‘in-nsz"-}y)]

Nonitor [Table[{nx, ny, - —= sum| —— (sin[22 2] v sin[22 2]7)

L2 Beff y {i%, -L/2, |-/2},{1'y,-L/2,L/2}]},

{nx, -L/6, L/6}, {ny, -L/6, L/e}], {nx, ny}] // Flatten[#, 1] & //
ListPlot3D[#, PlotRange - All, PlotStyle - Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;

Show[theory, experiment]

200% »
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10

theory =

1 1 [ EXP[-I (nle.—"'ixq-nsz”iy)]

L2 Beff

w+4x (Sin[sz 1V-]z +S‘ir‘l[2T’t %]2)

) {ix, 'L/2’ Lf2}, {‘iy’ 'L/z’ L/2}]}’
2

Monitor [Table [{nx sy NY,

{nx, -L/6, L/6}, {ny, -L/6, L/e}], {nx, ny}] // Flatten[#, 1] & //
ListPlot3D[#, PlotRange -» All, PlotStyle - Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;

Show[theory, experiment]

0.04
0.02

0.00

200% »
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theory =

Monitor[Table[{nx,ny,

{nx, -L/6, L/6}, {ny, -L/6, L/G}], {nx, ny}] // Flatten[#, 1] & //

Exp[-I (nx

L" ix+ny2T"1'y)]

— um[
L? Beff w2+4x(5‘in[2T"

s 2T

» Ui, -L/2, L/2}, iy, -L/2, L/2}]},

ListPlot3D[#, PlotRange » All, PlotStyle » Directive[Yellow, Specularity[White, 20], Opacity[0.5]]] &;

theory

Pirsa: 18100023

o
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lal/sa;
energiesMatricesBig = Table(Table[Mean® Flattene (energiesMatrices([n, L (f-21)« 1 33 1§, Lgi-1y«2 33 Lip00, (6, LsLy, (4, L/}, {n, Length[energiesMatrices]}];

(Flatten /@ energiesMatricesBig) ' // ListPlot;

Bins

dL = &;
tableBins = Monitor [Table [Flatten [Table[Sum[energiesMatrices[(t, Mod[i, L, 1], Med[j, L, L)1), {9, 1, #9edb -1}, {§, §1, §i«dL 23], {19, L}, {55, L31), {u, 1, S@1}], t];

intermediateAndFinal « (tableBins // Take(=~, (188, 250)) & // Flatten, tableBins // Drop(=, 3568) & // Flatten) // Wistogram[=, (1/4), "Probability", ChartStyle - (Orange, Blue)] &

Drop[tableBins, 358) // Flatten // Mean
d?

du?

energyMean =
Beff = 1/ energyMean
26. 5835

1.35422

Take[tableBins, (108, 258)] // Flatten // Mean
energyMean = " dLr2
dL

fintermediate = 1/ energyMean

28.6181

Manipulate(tableBina[[j]] // Histogram(s, {1/2}, "Probabilivy”, PlotRange - ({®, 36}, (0, 0.06}};] &, (i, 1, %08, 1}]
100% »
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(Flatten /@ energiesMatricesBig)’ // ListPlot;

Bins

dL = &;
tableBins = Moniter [Table[Flarven [Table [Sum(energiesMatrices[ (v, Mod[i, L, 1], Med([f, L, 1311, (i, i1, i1 edL -1}, (i, §, §iedL-237, (i1, L3, {31, L}1], (", 1, 5O1}], ¥]}

34

intermediateAndFinal « (tableBins // Take([=, (188, 258)] & // Flatten, tableBins // Drop([=, 3568) & // Flatten) // Wistogram[=, (1/4), "Probability", ChartStyle » (Orange, Blue)] &

Drop[tableBins, 35@) // Flatten // Mean
du®

di?

energyMean =
Beff = 1/ energyMean
26,5835
1.35422

Take[tableBins, (188, 258)] // Flatten // Mean
energyMean = dL*2

dl?

fintermediate = 1/ energyMean

28.6181

Manipulate [tableBina[[j]] // Histogram(u, {1/2}, "Probability”, PlotRange - ({8, %0}, (@, 0.86}}) &, {j, 1, %08, 1}]

100% »
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= 8 - Y PN T = ” ” 7 1

- Part: Part specification tableBins[500] is longer than depth of object.
- Histogram: tableBins[500] is not a valid dataset or list of datasets.
- Histogram: tableBins[500] is not a valid dataset or list of datasets,
- Histogram: tableBins[500] is not a valid dataset or list of datasets.

- General: Further output of Histogram::ldata will be suppressed during this calculation.

Partition function and predictions

Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

glo , L ] := w(y'z‘l) ;

Define Pieory[U] I

PelU , L ] 3= gl7, L] Exp[-B 7] :

;8‘lz Gamma [;z.z]
This is normalized:

Integrate[g[u, L] Exp[-B U], {U, 0, Infinity}, GenerateConditions » False]

8 Gamma [L?]
Integrate Pyeory[U] from average energy per particle from a to a + da (for future comparison with histogram)

IntP[a , da , L , A6 ] = Integrate[P.[U, L] /.3 =» BO, {U, a, a+da}, GenerateConditions -» False]

200% »
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gl _, L_ T =101 T3
Define Piheory[U]

glv, L] EXp[-B U]
]

Pe[U_, L] i= -
B - Gamma[zz.z]

This is normalized:

Integrate[g[u, L] Exp[-B U], {U, 0, Infinity}, GenerateConditions » False]

5" Gamma [L?]
Integrate Pyeory[U] from average energy per particle from a to a + da (for future comparison with histogram)

IntP[a 4, da , L , A6 ] = Integrate[P.[U, L] /. B » RO, {U, a, a+da}, GenerateConditions -» False]

pet’ (alz ExpIntegralE|1l-1L?, a o] - (da+ o) ExpIntegralk [1-1L?, (da+a) B0] )

Gamma |1L2}

Comparison

Plot[IntP[a, 1/4, 6, Bintermediate], {a, 1/10, 36 + 40}, PlotLegends » "I. = " <> ToString[6],
PlotStyle » {Thick, Black}, PlotRange -» All];

Plot[IntP[a, 1/4, 6, Beff], {a, 1 /10, 36 + 40}, PlotLegends » "L = " <> ToString[6],
PlotStyle » {Thick, Black}, PlotRange -+ All];

Show[%, %%, intermediateAndFinal]

1

Pirsa: 18100023
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Gamma |L? |

Comparison

Plot[IntP[a, 1/4, 6, Bintermediate], {a, 1/10, 36 + 40}, PlotLegends - "L. = " <> ToString[6],
PlotStyle » {Thick, Black}, PlotRange - All];

Plot[IntP[a, 1/ 4, 6, Beff], {a, 1/10, 36 + 40}, PlotLegends » "L = " <> ToString[6],
PlotStyle -» {Thick, Black}, PlotRange -+ All];
Show([%, %%, intermediateAndFinal]

0.020
0.015
0.010¢

0.005

Both work ?!

Propagator

Slze; 822 x 480

200% »
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26.5835

1.35422

Take[tableBins, {100, 250}] // Flatten // Mean
energyMean = dLA2

dL?

Bintermediate = 1/ energyMean

28.6181

1.25795

Manipulate[tableBins([[j]] // Histogram[#, {1/2}, "Probability", PlotRange » {{0, 50}, {0, 0.06}}] &,
{i, 1, 500, 1}]

Histogram[tableB‘ins[SB@]}, {%}, Probability, PlotRange -» { {0, 50}, {0, 0.06}}

- Part: Part specification tableBins[500] is longer than depth of object.
- Histogram: tableBins[500] is not a valid dataset or list of datasets,
- Histogram: tableBins[500] is not a valid dataset or list of datasets.
- Histogram: tableBins[500] is not a valid dataset or list of datasets.

- General: Further output of Histogram::|data will be suppressed during this calculation.

Partition function and predictions

200% »
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1=L/4;
energiesMatricesBig =
Table[Table[Mean@Flatten@ (energiesMatrices[[n, L (J-1) +1 3313, L(i-1)+213314]11), {1, L/}, {3J,L/1}],
{n, Length[energiesMatrices]}];

(Flatten /@ energiesMatricesBig)’ // ListPlot;

Bins

dL = 6;
tableBins =
Monitor [ !
Table[
Flatten[Table[Sum[energiesMatrices[[t, Mod[i, L, 1], Mod[j, L, 1]1]1, {7, i1, i1i+dL-1}, {i, 17, J1+dL-1}],
{ii, L}, {33, L}1]1, {t, 1, 501}], t];
10

intermediateAndFinal = {tableBins // Take[#, {100, 250}] & // Flatten, tableBins // Drop[#, 350] & // Flatten} //
Histogram([#, {1/ 4}, "Probability", ChartStyle -» {Orange, Blue}] &

0.025

200% »
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26.5835

1.35422

Take[tableBins, {100, 250}] // Flatten // Mean
energyMean = ] dL*2

dL?

Bintermediate = 1/ energyMean

28.6181

1.25795

Manipulate[tableBins([[j]] // Histogram[#, {1/2}, "Probability", PlotRange » ({0, 50}, {0, 0.06}}] &,
{i, 1, 500, 1}]

Partition function and predictions

[y
Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

gl , L ] := m(lz'l) :

Define Pineory[U]

PelU , L] i= glu, L] Exp[-B U’];

B"'z Gamma [E.z]
This is normalized:

Integrate[g[U, L] Exp[-B U], {U, @, Infinity}, GenerateConditions » False]

200% »
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1.25795

Manipulate[tableBins[[]j]] // Histogram[#, {1/2}, "Probability", PlotRange » {{0, 50}, {0, 0.06}}] &,
{1, 1, 500, 1}]

0.06 |
0.05 |
0 045
0.03
0.02
0.01

QOO = - -+ — o s m m— o oo

Partition function and predictions

Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

g7 L |:= w("z‘l) .

200% »
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1.25795

Manipulate[tableBins[[]j]] // Histogram[#, {1/2}, "Probability", PlotRange » {{0, 50}, {0, 0.06}}] &,
{1, 1, 500, 1}]
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Partition function and predictions

Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

gro L 1= w("z‘l) .
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1.25795

Manipulate[tableBins[[]j]] // Histogram[#, {1/2}, "Probability", PlotRange » {{0, 50}, {0, 0.06}}] &,
{J, 1, 500, 1}]
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Partition function and predictions

Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

g7 L |:= w("z‘l) .
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1.25795

Manipulate[tableBins[[]j]] // Histogram[#, {1/2}, "Probability", PlotRange » {{0, 50}, {0, 0.06}}] &,
{7, 1, 500, 1}]
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Partition function and predictions

Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

g7 L |:= w("z‘l) .
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1.25795

Manipulate[tableBins([[]j]] // Histogram[#, {1/2}, "Probability", PlotRange » {{0, 50}, {0, 0.06}}] &,
{J, 1, 500, 1}]
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Partition function and predictions

Define density of states (computed in tutorial 2) as a function of the systems energy U and size L

gro L 1= w("z‘l) .
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intermediateAndFinal = {tableBins // Take[#, {100, 250}] & // Flatten, tableBins // Drop[#, 350] & // Flatten} //
Histogram[#, {1/ 4}, "Probability", ChartStyle » {Orange, Blue}] &

0.025,

0.020 |

0.015}

0.010

0.005

0.000 ! —
45

200% »

Pirsa: 18100023 Page 191/191



