The stationary Schrodinger equation
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Conclusion: whenever K W needs to be computed, one can use —| % S 4
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A wave function changes significantly over a wavelength.
Whenever the potential does not change much over a wavelength,
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The correspondence principle has to hold in the classical limit where the
potential always changes little over the very small wavelength.

W(xt) =d(x)e’ o |-LL2p(x)+V(X)P(X) = ED(X)
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The time dependent Schrodinger equation 02/16/2005

Linearity for equal energies: 2
If ¥, and ¥, are solutions of ~ oo P D)V (X)WP(x,t) = W (x,t)
for a common energy E, then also ¥ = ¥,+¥, is a solution.

Linearity for different ene_rgies:
W xt) =, (x)e’ o W (xt)=hoW,(xt)

If lel and ¥, are solutions for different energies E, and E,,

- 2m 6x X LIJ (X t) +V(X)LIJ (X t) ha)lLP (X t) Ih%wwl (X’t)
—gmmox Vo, (X VYW, (X,t) =hw,WP,, (X 1) =iagW, (X1)

then also¥ =¥ _,+¥_, a solution of

— 220 3 W(x,t)+V(X)W(x 1) =ind W(xt)

This holds for an arbitrary superposition of waves:

LIJ(x,t):n;dbwn(x)e"“’nt R I(D(a) x)e " “"dw
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Particle in a one dimensional box 02/16/2005

Y (X),, i
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Stationary state:

W, (x1) = D()e ™ = d(x)e
—220 0 p(x)+V (X)P(X) = EP(X)

2mox 0X

Inside: &2 P(X) = _%EQD(X)

d(x) =Ce**+C,e™*, k=% T_O
(D(Xoutside) = O

Boundary condition:
®(0,)=d(0.) =0 ~ C,=-C,, P(x)=Bsin(kx)
d(L)=d(L,)=0 - kL=nm

Quantized energies: e

& ] —j—nt
k,=nZ. E,=58=n’2Z . W(xt)=y B snnEx)e ’
=1

CORNELL Requiring boundary conditions around particles
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Ground state and classical limit 02/16/2005

Y (X) y0

The state with the lowest possible energy
is called the ground state. To start with n=0,

®_(x) =Bsin([n+1]£x)

There is no wave function for n=-1, so the
lowest possible energy is

— W2 _
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There is no wave function that corresponds to a particle at rest (E=0) in the box.

Correspondence principle: \/(X) ,00

A classical particle in a box is found equally
often at any place.

For any given measurement precision Dx, there O

is a large state number n for which the particle is
found equally likely at any place in the box.
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Wave function and probability amplitude 02/16/2005

After a wall has been inserted in the center
of the box, the particle can only be detected
either in the right or the left half.

The wall cannot split the particle in two and ¥(x,t)
therefore cannot be a particle density.

To allow interference of particle waves, ¥(x,t)
also cannot be a probability distribution.

¥(x,t) is a probability amplitude with
| ¥(x,t) |2 being the probability to find
a particle in the interval [x,x+dx] at time t.

The probability for stationary states:

| W, (x.1) = (x)e™ =] D(x) [

e vzt Normalization: J' |W(x,t)|F dx=1
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