
I n [ ] : = ;

I n [ ] : = ;

In[3]:= ClearAll["Global`*"]

In[4]:= U = -((b d - e q) / (2 b))^2 / (e + b k^2) - (q^2 + 8 b c m^2) / (4 b) k^2 + c k^4;
D[U, k] /. k  u[i][t]

Out[4]= -

8 b c m2 + q2 u[i][t]

2 b
+ 4 c u[i][t]3 +

(b d - e q)2 u[i][t]

2 b e + b u[i][t]22
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In[45]:= a = Pi / 2
j = 2;
L = 200;
b = -0.000222159366;
c = 1.088046084;
d = 0.001308858509;
e = 0.000394423507;
q = -0.00064844084;
m = 1.518466566;
delta = 0.7;
h = 2;
grid = Range[-L / 2, L / 2, h]
k = Length[grid]
deltaHat = h * delta
var = Table[u[i][t], {i, k}];

eqs = Tableu[i]''[t] - (u[i + 1][t] + u[i - 1][t] - 2 * u[i][t]) + deltaHat * u[i]'[t] -

8 b c m2 + q2 u[i][t]

2 b
+ 4 c u[i][t]3 +

(b d - e q)2 u[i][t]

2 b e + b u[i][t]22
 0, {i, 2, k - 1};

bc = {u[1][t]  0, u[k][t]  0};
ic = Join[Thread[var  a * Sin[j * Pi * h * grid / L]] /. t  0,

Table[u[i]'[0]  0, {i, 2, k - 1}]];

Out[45]=

π

2
Out[56]=

{-100, -98, -96, -94, -92, -90, -88, -86, -84, -82, -80, -78, -76, -74, -72,
-70, -68, -66, -64, -62, -60, -58, -56, -54, -52, -50, -48, -46, -44,
-42, -40, -38, -36, -34, -32, -30, -28, -26, -24, -22, -20, -18, -16,
-14, -12, -10, -8, -6, -4, -2, 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100}

Out[57]=

101

Out[58]=

1.4

In[63]:= tmax = 3000;
sol = NDSolve[Join[eqs, {u[1]'[t]  0, u[k]'[t]  0}, ic], var, {t, 0, tmax},

Method  {"LinearlyImplicitEuler"}, StartingStepSize  0.01];
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In[64]:= {ListPlot[Transpose[{grid, var /. sol〚1〛 /. t  0}],
FrameLabel  {"\!\(\*SubscriptBox[\(X\), \(n\)]\)",

"\!\(\*SubscriptBox[\(U\), \(n\)]\)"},
PlotLabel  "Initial Positions at t = 0", PlotTheme  "Scientific",
PlotStyle  {Red, PointSize[Medium]}],

Show[ListPlot[Transpose[{grid, var /. sol〚1〛 /. t  tmax}],
FrameLabel  {"\!\(\*SubscriptBox[\(X\), \(n\)]\)",

"\!\(\*SubscriptBox[\(U\), \(n\)]\)"}, PlotLabel  "",
PlotTheme  "Scientific", PlotStyle  {Blue, PointSize[Medium]}],

ListLinePlot[Transpose[{grid, var /. sol〚1〛 /. t  tmax}],
{PlotStyle  {Blue, Dashed}}]]}

Out[64]=
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In[65]:= (*Plotting U[67](t) from t=0 to t=100*)
Plot[Evaluate[u[67][t] /. sol], {t, 0, 100},
PlotStyle  Green, Frame  True, FrameLabel  {"t", "U[67](t)"},
PlotLabel  "Plot of U[67](t) from t = 0 to 100"]

Out[65]=
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In[66]:= (*Extract the interpolation function and evaluate at t=3.0 for U[100]*)
u100Value = With[{uFunc = u[100][t] /. sol〚1〛}, uFunc /. t  3.0]

Out[66]=

-1.52993
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