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1) A 3-level laser system is pumped from the ground state (0) to the upper laser state (2) by a HeNe laser (632nm), which excites 1018 electrons/cm3-s to state 2 (R02).   Assume the separation between the ground state and this excited state is the energy of the HeNe.  Electrons can then transition down to state 0 or state 1 (the lower laser state).  The nonradiative scattering time between 2-1 is 100ps (tnr21) and between 2-0 is 250ps (tnr21), and the spontaneous emission time between 2-1 is 1ns (t21).  State 1 is 120meV above state 0, with a scattering time of t10=1ps.  Assume there the vast majority of electrons are in state 0, and even with the pumping to higher state, the total population of state 0 doesn’t change.  There is a thermal excitation from state 0 to state 1, at a rate of 1016 electrons/cm3-s.
a) In the absence of an external field (you still have the HeNe, but no other light, for argument’s sake), determine the steady state densities of the three states.  Hint: the rate of change for the population of a given state i, for a given process n is Ni/tn.  In steady state, the total population change of a state should be 0.
b) Do you have population inversion?  What is the minimum R02 required to achieve population inversion?

c) Now determine the total number of photons/s emitted by the spontaneous emission from 2-1 at population inversion, and compare the spontaneously emitted power to the incident pump power.
d) Now assume you have a population inversion N2-N1=1018 cm3.  What is the pump rate required to achieve this population inversion, in the absence of an external field.
e) Now imagine you include the effects of the external field at the frequency corresponding to the 2-1 transition, what is the density of the external field which will reduce your population inversion to half of its original (N2-N1=5E17)?  Remember, the induced transition rate B12*u(f)=B12*u(f)=c3u(f)/(8πhf3tspont).
2) Calculate the position and widths (in E) of the first 2 energy bands and band gaps in a 1D crystal modeled as 0.1nm quantum wells separated by 0.2nm barriers of potential height 1eV.
3) T&L
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