
Infinite Potential Wall

The energy eigenfunctions and eigenvalues of the infinite potetial wall:
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$Assumptions = n Î Integers && l Î Integers && n > 0 && m > 0 && L > 0 && Ñ > 0 && l > 0

n Î Integers && l Î Integers && n > 0 && m > 0 && L > 0 && Ñ > 0 && l > 0

Problem 2:

Consider  the particle  in the initial  state  ΦHx, 0L = A sin3I Π
L
xM.  Compute the state  ΦHx, tL  and the corresponding average

values of position , momentum etc.

Solution:

Consider  the  expression  of  the  wave  function  interms  of  the  energy  eigenfunc−

tions:
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We compute the normalization factor A and define the wave function at t=0
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All coefficients are zero except when the denominator is 0:
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Abs@8Φ@x, 0D, Φ@x, 0.3D, Φ@x, 0.5D<D �. 8x ® 0.4, L ® 1, m ® 1, Ñ ® 1<

81.53884, 1.48333, 1.45589<
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AbsΦ@x_, t_D = Abs@Φ@x, tDD �. 8L ® 1, m ® 1, Ñ ® 1<;
Plot@8AbsΦ@x, 0D, AbsΦ@x, 0.3D, AbsΦ@x, 0.5D, AbsΦ@x, 0.7D, AbsΦ@x, 1.D<,
8x, 0, 1<, PlotStyle ® 8Red, Green, Blue, Yellow, Magenta<D
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Here you can see an animation of the time evolution of ΦHx, tL 2

Manipulate@Plot@AbsΦ@x, tD, 8x, 0, 1<, PlotRange ® 880, 1<, 80, 2<<D, 8t, 0, 4, 0.0001<D
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as well as the real and imaginary parts of the wave function ReHΦHx, tLL, ImHΦHx, tLL:
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ReΦ@x_, t_D = Re@Φ@x, tDD �. 8L ® 1, m ® 1, Ñ ® 1<;
ImΦ@x_, t_D = Im@Φ@x, tDD �. 8L ® 1, m ® 1, Ñ ® 1<;
Manipulate@Plot@8ReΦ@x, tD, ImΦ@x, tD<, 8x, 0, 1<,

PlotRange ® 880, 1<, 8-2, 2<<, PlotStyle ® 8Red, Blue<D, 8t, 0, 4, 0.0001<D
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Average energy < E >, < E2 >:
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D E = avE2 - avE2
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The n =m case must be treated differently:
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Momenta now:
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Compare with the exact formula for < p2 > H0L:
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