Homework set-7  due 10/10/06

7.1. The isotropic harmonic oscillator in 3D has the potential of the form 
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  (a) Using Cartesian coordinates, what is the energy of the second lowest states? What is the degeneracy? What are the eigenfunctions? Start with the   1D harmonic oscillator wavefunction in the book.
  (b) Using  spherical coordinates, write down the differential equation for the radial wavefunction.  The total wavefunction should be given by 
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. Based on the results from Part (a), what is the 
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 in this case and deduce the radial wavefunction for the second lowest state.
(c) Show that the radial wavefunction you get from (b) indeed satisfies the the radial wave equation and you do get the correct energy.

7.2. In the book the binding energy of atomic hydrogen is calculated assuming that the mass of proton is infinite. If you account for the finite mass of the nucleus , then the mass of the electron should be replaced by the reduced mass. Based on this, what is the difference in the binding energy between deuterium and hydrogen, express your answer in eV's. 
7.3. (a) What is the  wavelength for the following transitions in atomic hydrogen, express the results in nanometers or angstroms, and identify if they are in the UV, visible or infrared regions:

 (1) n=2 to n=1; (2) n=3 to n=2; (3) n=4 to n=3. 
   How about the transition between n=101 and 100? What will be the wavelength? Note that such transition has been reported in radio astronomy.

(b)  muonic hydrogen:  a muonic hydrogen is obtained by replacing the electron by a negatively charged muon. Calculate the binding energy of the n=1, 2, and 3 states of this system. (Note: scale from atomic hydrogen results.) Look up the mass of muon youself.
(c) A positronium consists of one electron and one positron, calculate the binding energy of the ground state. Express the answer in eV's.

7.4. A proton has a radius of about 1.2 fermi (look up what a fermi is if you do not know). 

(a) What is the total probability of finding the electron to be inside the nucleus if it is in the ground state? Do the same calculations for 2s and 2p states. [ The integral can be done easily if you recognize that the exponential term in the wavefunction is essentially 1.0. ]

(b) Do part (a) again for the muonic hydrogen.

7.5. Problem 4. 18. Note that the f here can be the spherical harmonics.
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