Chem. 253 C
Homework #1, Due Thursday, 04/21/2016
Electronic Structure

1. What is the relation between n (electron density) and kF (Fermi wavevector) in two dimensions? What is the relation between kF and rs (non-interacting radius for each electron) in two dimensions?

2. Derive the density of states D(E) and Fermi wavevector kF for d=1 and d=2 dimensions.
For d=1 quantum wire, cross-section dimension Lx x Ly:
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For d=2 quantum well, thickness Lx:
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3. 
GaAs has a zinc-blende crystal with a=0.56 nm, (=12.8, me*=0.067m0, and mh0=0.2 m0.

(a). Find out exciton binding energy and radius.

(b). Find out the number of unit cells contained within the orbital of n=1.

(c ). What is the highest temperature at which state excitons are still observable?

4.      The wave function of an atomic state with principle quantum number n, orbital 

quantum number l and magnetic quantum number m may be written in the form:
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where 
[image: image4.wmf])

(

r

R

nl

 is the radial part, and 
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 is the spherical harmonic functions, and 
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are the usual spherical polar coordinates. The spherical harmonic function itself may be written as:
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where 
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 is a polynomial function in 
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, the parity of the spherical harmonic functions is equal to (-1)l.
(a). By considering the parity of the wave function, prove that the matrix element for an electric dipole transition defined by:
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must be zero unless l changes by an odd number during the transition.

(b). By writing the components of r in spherical polar coordinates, prove that (m=0 if the light is polarized along the z direction, and (m=(1 for light polarized in the x or y direction.

5.
The matrix element for an intersubband transition between the nth and n’th subbands of a quantum well with infinite barrier is given by:
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for z-polarized light, by considering the parity of the states, prove that 
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 must be an odd number.

6.      Consider the electron-hole overlap integral 
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 for quantum well with infinite 

barrier given by:
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show that 
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 is unity if n=n’ and zero otherwise.
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