




Figure 1: Calculated DOS of Cu around the Fermi level. The filled states lie 
below EF while the empty states lie above EF . The broad peak below EF
corresponds to the filled 3d states.







Figure 2: Energy states in a solid with uniform potential. The portion of the
sphere corresponds to the constant energy surface. Only the first quadrant is 
to be considered since the quantum numbers are non-zero positive integers.

n1, n2, n3 are positive integers 
contained in a sphere of radius n

All possible combinations of the 
three integers (n1, n2, and n3) 
must satisfy this condition

Each state, or electron wavefunction (Ψ) in
the crystal, can be represented by a unit 
volume  at n1, n2, and n3.



DOS (g(E)); number of 
available energy 
states per unit volume 
per unit energy



Figure 3: Plot of DOS vs. E for a 3D solid using free electron mass. This is
a plot of equation 7 using MATLAB.



Figure 4: Energy states in a 2D solid 
with uniform potential. Instead of a
sphere states of constant energy 
form a circle and only the first 
quadrant is relevant

Each state, or electron wavefunction in
the crystal, can be represented by a box at 
n1, n2.











Figure 6: Boltzmann probability 
distribution vs. energy at 1000 K. 
The probability drops steeply as 
energy increases due to the 
exponential nature of the function. 





Figure 7: Fermi function f(E) vs. 
energy at three different 
temperatures. The probability 
drops steeply as energy is 
increased from the Fermi 
function. To increase the 
probability the temperature has 
to be increased. 

f(E) is the probability of occupied 
energy states by electrons. While 
[f(E)-1] is the probability of 
unoccupied (empty) energy 
states (if you draw [f(E)-1] you 
will have the inverse drawing)



When the energy difference (E - EF ) is much larger than kBT, the Fermi function 
behaves like Boltzmann function (similar to equation 14):



The figure shows
(a) Above 0 K, due to thermal excitation, some of the electrons are at energies above EF.
(b) The density of states, g[E) versus E in the band.
(c) The probability of occupancy of a state at an energy E is f(E).
(d) The product g(E)f(E) is the number of electrons per unit energy per unit volume, or 
the electron concentration per unit energy. The area under the curve on the energy axis 
is the concentration of electrons in the band.







Figure 8: Comparison of the Fermi and Boltzmann probability distribution vs. 
normalized energy at constant temperature. Energy is plotted with reference to EF
and normalized by temperature. At low (E-EF ) Fermi function is accurate while at 
higher values Boltzmann function is a good approximation.
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