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Midterm: Condensed Matter Physics

1. (a) Find the total energy U of free electrons (at 0 K) in a metal of volume V ?

(b) What pressure does this degenerate electron gas exert?

(c) In a nuclear bomb comprising 239Pu (plutonium) metal, a 2 kg sphere of the metal is

imploded (compressed) to about twice its normal density. This compression increases

its internal energy U . Is a conventional explosive with a yield of 4 MJ kg−1 feasible

for initiating the nuclear reaction? (9 marks)

2. Show that for a 1D nanowire of length L, the density of states for the spin 1/2 electrons

is

g(E) =
L

π~

(
m

2

)1/2

E−1/2,

where m is the mass of electron. (6 marks)

3. The common building blocks for most high temperature (high Tc) superconductors

are copper oxide layers, as depicted in Fig (a). Assume the distance between copper

atoms is a. For simplicity let us also assume that in the third dimension these CuO2

layers are simply stacked with spacing c, and there are no other atoms in the crys-

tal. In the first approximation the layers have a four-fold symmetry; the crystal is

tetragonal. (12 marks)
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(a)Fig : CuO2 lattice

(a) Sketch the Bravais lattice and indicate a possible set of primitive vectors for this

crystal. What is the unit cell, and what is the basis?

(b) In an antiferromagnetic insulator LaCuO4, one discovers at closet inspection, that
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the CuO2 lattice is actually not flat, but that the oxygen atoms are moved a small

amount out of plane (“up” or “down”) in an alternating fashion (in Fig (b), + means

up and − means down). What is the primitive cell and lattice spacing for this crystal?

What is the reciprocal lattice? Describe (qualitatively) what the diffraction pattern

will look like. What is the crystal system for this distorted lattice?
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(b)Fig : CuO2 lattice
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4. Topaz is an orthorhombic crystal. The ratio of the lattice constants a : b : c = 0.529

: 1 : 0.477. Find the Miller indices of the faces whose intercepts are 0.264 : 1 :

0.238. (4 marks)

5. Consider a metal at uniform temperature in a static uniform electric field E. An

electron experiences a collision, and then, after a time t, a second collision. In the

Drude model, energy is not conserved in collisions. Find the average energy lost to the

ions in the second of two collisions separated by a time t. (the average is over all the

directions in which the electron emerged from the first collision). (5 marks)

6. When the copper atoms form a crystal lattice with the density of atoms of

8.5× 1028 m−3, each atom donates 1 electron in the conduction band.

(a) Calculate the Fermi energy. Express your answer in eV. (3 marks)

(b) At T = 300 K, calculate the energy interval ∆E that is occupied by the electrons

that participate in the current flow, assuming that for these electrons the occupancy

varies between 0.1 and 0.9. (4 marks)

(c) Using the assumption of part (b), calculate the ratio of density of current-carrying

electrons to total density of electrons in the conduction band. Hint: Only those
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electrons contribute to the current which are within a band of energy ∆E about

EF . (5 marks)
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