Lecture 10

Free particle: summary

The free particle: V(x) = 0 everywhere.
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The "stationary states" of the free particle are propagating waves with
wavelength
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General solution (wave packet):
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If the initial wave function “t (x, 0) attime t=0 is known, the function }/&) may be
found using: ‘
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A. John Mallinckrodt
http://www.csupomona.edu/~ajm/materials/animations/packets.html
The following movies show wave packets with various combinations of phase

and group velocity. Each waveform is the sum of five sinusoids with the
general format
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which yields
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Movie 1:

Phase Velocity = Group Velocity [179K]
A=0.7, wo = ko = 1, Dw = Dk = 0.05
The entire waveform—the component waves and
their envelope—moves as one. Kind'a boring.

Movie 2:

Group Velocity = 0 [18K]
A=0.7, wo = ko = 1, Dw = 0, Dk = 0.05
The envelope is stationary while the component waves move
underneath.

Movie 3:

Phase Velocity = 0 [178K]
A=0.7, wo =0, ko = 1, Dw = Dk = 0.05
Now only the envelope moves over stationary component
waves.

Movie 4:

Phase Velocity = -Group Velocity [179K]
A=0.7, Wo = ko = 1, Dw = -0.05, Dk = 0.05
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Bound and scattering states
We have now two types of solutions to Schrodinger equation:
(1) normalizable and labeled by discrete index n (infinite well, harmonic oscillator)

(2) non-normalizable and labeled by continuous index k ( free particle).

Classical mechanics
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Bound state Scattering state

Simulations:

Classical: Energy Skate Park
http://phet.colorado.edu/new/simulations/sims.php?sim=Energy Skate Park

Quantum: Quantum Tunneling and Wave Packets
http://phet.colorado.edu/new/simulations/sims.php?
sim=Quantum_Tunneling and Wave Packets
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A classical bound state, but a quantum scattering state.

The two kinds of solutions to the Schrddinger equation correspond to bound and
scattering states. Since in quantum mechanics "tunneling" allows particle to "leak"
through any finite potential barrier, only potential at infinity matters.

E< [V(-00) and V(+ 0031 = bound state
E > ([ V(- oo) or V(+ 00\} =) Sca‘"l{ffn; 571‘47[(/
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The delta-function potential

§ () The Dirac delta-function
< It is infinitely high, infinitesimally narrow
spike whose area is 1.
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Property of the delta-function:
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This is the most important property of the delta-function:

"
S Lx) §(x-a)dx = 1)
—

Lecture 10 Page 6



L10. P7
We consider a potential:
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First, we look at the bound states
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E is negative by assumption and k is real and positive.
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Now we need to stitch two solutions. The boundary conditions at x=0 are:

1. Y Is alwa% continuou s
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We still need to find E ... to be continued.

Lecture 10 Page 8



