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This is a piece of silicon. Which is true? 
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A material has energy levels as diagrammed.

What is true about the material? 

a) It will conduct electricity very well.
b) Red light will pass through it. 
c) Blue light will pass through it.

Filled bands

Empty bands

2.5 eV gap



Which is true for a piece of glass?
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Pokal, from Ikea



A material has a number of electrons such that 
in the ground state, all states below the line are 
occupied with electrons, and all above are 
unoccupied.

Is this material metallic (does it conduct 
electricity easily when an electric field is 
applied)?

a) Yes
b) No



Roughly what Fermi level energy would result in an 
insulator? 

a) 0 eV
b) 4 eV
c) 7 eV
d) 15 eV



What electron density corresponds to 
an insulator? 

a) 1 e/atom
b) 2 e/atom
c) 3 e/atom



Consider a completely free electron; approximate it as a classical particle. At t=0, it 
starts at rest in an electric field .  How fast will it be moving at time t? 





The bands cross in Mg, unlike our simple model!

So there is no gap.

If the bands didn’t cross, it would be an insulator.

Band structure from materialsproject.org – estimated band structures for almost all known crystalline materials



Electron levels + filling determine the properties of materials

Gap: energy it takes to get from the ground state to the first excited state
Metals: Zero gap
Insulators: Non-zero gap

Semi-classical model of electrons: ௗ௣

ௗ௧
; gaps block changes in 

momentum


