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V(x)

and given the dependence upon both position and time, we try a wavefunction of the 
form
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Presuming that the wavefunction represents a state of definite energy E, the equation can be separated 
by the requirement, 

Time independent Equation

ψ=Aeax

Treating the system as a particle where

Now using the De Broglie relationship and the 
wave relationship:
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a=iα
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Time dependent Equation

Treating the system as a wave packet, or photon-like entity where the Planck hypothesis gives

we can evaluate the constant b

This gives a plane wave solution:
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NTHU

Free Particle Waves

The general free-particle wavefunction is of the form

which as a complex function can be expanded in the form

Either the real or imaginary part of this function could be appropriate for a given application. In 
general, one is interested in particles which are free within some kind of boundary, but have 
boundary conditions set by some kind of potential. The particle in a box problem is the simplest 
example.

The free particle wavefunction is associated with a precisely known momentum:

but the requirement for normalization makes the wave amplitude approach zero as the wave extends to 
infinity (uncertainty principle).
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~ discrete energy level
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Discrete Energy Level

the lowest allowed energy
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Probability of Finding Electrons

Bohr radius
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ke=1/(4πεo)
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Vo>E

------->
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II I

damping envelope

penetrating wave
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NTHU

Φ schottky

Field emission

Thermionic

e

e

e

x

•Thermionic Source vs. Field Emission Source
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Quantum Tunneling

~
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Kroning-Penny Model Muffin-Tin Potential
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The derivation of band gap/ structure is out of 
scope in this lecture
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Band Gap Theory for Crystal

energy band for crystalline
only certain special energy is allowed for 

electron propagates inside the crystal

energy 
degenerated

energy 
degenerated
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