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The Quantum World

• Four Important Solutions to the 
Schrödinger Equation
– Free Electrons
– Electron in a Well
– Tunneling
– The Kronig-Penny Model
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Case IV:  Electrons in a Periodic Potential 
(the Solid State)
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Back to the Muffin Tin

• Region I

• Region II
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Bloch Waves

• Bloch showed that the Schrödinger equation 
for a periodic potential must have solutions of 
the form:
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Using Bloch Waves
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Region I - V = 0
(0<x<a)
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Region II – V=V
(-b<x<0)
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Solving the Equations
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Solutions…
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Boundary Conditions
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Setting Boundaries
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Setting Boundaries
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Solving the Boundaries

• Using a bit of linear algebra, we can get the 
solution:
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Solving the Boundaries

• Applying the limits
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Forming Gaps
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Band Gaps

• C 5.4 eV indirect
• Si 1.17 eV (1.11) indirect
• Ga 0.74 eV (0.66) indirect
• GaAs 1.52 eV (1.43) direct
• SiC 3.0 eV indirect

To the Effective Mass

• The group velocity is given by:

• So the acceleration is…
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Finally...

Interatomic Spacing
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