HW5
MTLE-6120: Spring 2018
Due: Feb 26, 2018
1. Effective mass
For the simplest tight-binding model in 1D, the band structure consists of a single band E(k) =
E0 − 2t cos ka, where E0 is the isolated energy and t is the coupling strength.
(a) Calculate the effective mass m∗ (k) at any point in the band structure.
(b) What are the effective masses near the bottom and top of the bands? Explain the dependence of
these masses on a and t.
(c) What is the average value of (m∗ (k))−1 over the band?
2. Sketching density of states of real metals
For a simple cubic lattice with only nearest neighbour coupling, the density of states of a tight-binding
model is E(~k) = E0 − 2t cos kx a − 2t cos ky a − 2t cos kz a, where ~k is in the Brillouin zone [−π/a, π/a]3 .
(a) What is band width and total number of states per unit cell for this band?
(b) It is not easy to calculate the DOS of this dispersion relation, so let us try to approximate it.
By Taylor expanding, show that E ≈ Ea + h̄2 (~k − ~ka )2 /(2ma ) for some Ea , ~ka and ma near the
bottom and top of the band. What is the effective mass ma at each of these band edges?
(c) Using the above,pconstruct an approximation for the density of states of the form g(E) =
A
(E − Emin )(Emax − E) for Emin ≤ E ≤ Emax and 0 otherwise. Select A
1+B((E−E0 )/(6t))2
and B to produce the correct density of states near the band edges. as well as the correct number
of states/cell, and plot the resulting DOS. (You will need to solve for A and B numerically.)
(d) Assume that the transition metals have tight-binding d electrons with a free-electron like s band.
Schematically sketch the density of states, and indicate the Fermi level position for each element
in the 3d transition series, Sc (3d1 4s2 ) to Zn (3d10 4s2 ).
3. Resistivity of the best conductors
Silver, copper, gold and aluminum are the four best conductors at room temperature among the
elemental metals, with resistivities of 16, 17, 23 and 27 nΩm respectively. They are all face-centered
cubic metals with lattice constants of 4.09, 3.61, 4.08 and 4.05 Å respectively.
(a) Assuming these are free electron metals, calculate the carrier density, Fermi energy, Fermi velocity
and density of states at the Fermi level for all four of them. If the relaxation time τ had been
equal for all four, which should have been the best conductor?
(b) Calculate the τ based on the experimental resistivity numbers given above. What other material
properties could one look at to explain this trend?
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