PHY330 Metals, Semiconductors and Insulators: First Problem Sheet (Hand-in date 16.00, 4 November 2011)

The marks for the homework will be scaled to constitute 5% of the total mark for the module.


	1. 
	Using periodic boundary conditions, show that the number of states in a band is 2N, where is the number of atoms.
	[2]

	2.
	Obtain a similar result to that in 2 using a tight binding model.
	[2]

	3.
	Using an argument based on propagating and standing waves, describe the physical reason for the formation of band gaps in a one dimensional periodic potential.
	[3]

	4.
	


In a one dimensional periodic lattice the crystal potential may be represented by . The standing wave wavefunctions  at the Brillouin zone boundary are proportional to  respectively. 
a) 
Normalise  such that the average value of the probability density is unity over one unit cell of length a.
b) Calculate the energy separation between the two standing waves by integration over one unit cell.
This question follows the discussion in Kittel, chapter 7, 7th edition.
	


[2]
[5]


	5.
	
The room temperature resistivity of potassium is . 

(a) Calculate the mean electron drift velocity in an electric field of . 
(b) Calculate the Fermi velocity of electrons in potassium, assuming it has body centred cubic structure and lattice constant 0.523 nm.
(c) What conclusions may be drawn from the ratio of the drift velocity in (a) to the Fermi velocity.
	
[2]
[2]
[2]
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