SP425 Homework

SP324-HW04





Due Date: Mon 25 Feb 2008
QUANTUM DISTRIBUTION FUNCTIONS

1.  Harris 8-25 Fermi Energy for copper  F .
2.  Harris 8-28 Demonstrate Cu conduction electrons should be treated as quantum gas.

3.  Harris 8-29 Temperature at which quantum behaviors become apparent in helium.

4.  Harris 8-38  Max emission  of sun. 

5.  Harris 8-39  Max emission  of sun. 

6.  Harris 8-37  Reproduce expression 8-42, p374 for the ave energy in a quantum gas.

7.  Eisberg & Resnick, Prob 11.15ab, page 413


Normal thermometers both (liquid and thermocouples) do not work at very low temperatures.   One method that does work is to place a 60Co radioactive nucleus in the container and measure the angular distribution of gamma rays that are emitted.  The angular distribution is sensitive to the population of the spin substates.


Suppose the orientations of the magnetic moment are z = ±1.4E26 Jm2/Wb in a magnetic field of Bz = 1 Tesla.  Use the Boltzmann distribution.  The ‘density of states’ factor is the same for each level.
a) Calculate the either the ‘ratio of populations’ or ‘fractional difference’ between the two 
magnetic moment orientations at room temperature.

b) Calculate the either the ‘ratio of populations’ or ‘fractional difference’ between the 
two magnetic moment orientations at 4 K.

8.  Using Excel (or other convenient numerical software), make a plot of the Boltzmann distribution function over the range of energies  = 0 to 3 eV for the three temperatures T = 1000, 5000, and 10000 K.

9.  Using Excel (or other convenient numerical software), make a plot of the Bose distribution function for a non-interacting photon gas over the range of energies 
 = 0 to 3 eV for the three temperatures T = 1000, 5000, and 10000 K.

10.  Using Excel (or other convenient numerical software), make a plot of the Fermi distribution function for f = 2 eV over the range of energies  = 0 to 3 eV for the three temperatures T = 1000, 5000, and 10000 K.
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Boltzmann Distribution




Bose Distribution
Normalization Interpretation  e = 1/kT 
Chemical Potential Interpretation;  

e = 1/kT 




Non-interacting objects ( =0
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Fermi Distribution

Half-Value Interpretation;  = F/kT
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