   Homework set-5 (due 2/27/07)

5.1. Estimate the lifetime or width of various unstable states.

 (a) The width of Z0 boson from your book is quoted as 2.4952
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0.023 GeV, calculate its lifetime (with the correpsonding error bars).

(b)  The lifetime of the first excited state of Rb is 27 ns, calculate its width in eV. It emits a photon with wavelength of 0.78
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, calculate the energy of the photon in eV. Also calculate the frequency and its width (in Hz) of the emitted photon.

(c) Two cold Rb atoms can form a molecule efficiently in a magnetic optical trap (MOT) through the so-called Feshbach resonance. The width of such a resonance has been measured to be about 10 gauss. Assume that the magnetic dipole moment of Rb is given by that of an electron (
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 on page 77 of Bellac), calculate the lifetime of such a Feshbach resonance.
              [Express all the lifetimes in seconds.]
5.2.  Exercises 4.4.8 of Bellac, pp122-4. 

   This exercise also allows you to go thru some physics about elementary particles.

-------------------------------------------------------------------------------------------------

The next three problems are for students who want more practice. I will look at your answers if you turn them in. it should not take you more than 30 minutes to do them if you have mastered the material by now.
 1. Consider a particle of mass m in an infinite square well, 
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    otherwise          

   (a)  Write down the energy and wavefunction of the ground state. (10pts) (no derivation is needed)

   (b)  If the walls at x=
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a are suddenly moved to x=
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2a, what is the average energy of the particle?    (10pts)

   (c) What is the probability of finding the particle in the ground state in the new potential? (10pts)

   (d) If instead that only the x=a wall is moved suddenly to x=3a and the x=-a wall is fixed,  what is the average energy of the particle? Would the probability of finding the particle in the new ground state the same as in part (c) above? Do not do the calculations. Give your reasoning as clearly as you can.   (40 pts)

2. (a) The spin 
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 of a state 
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 is pointing in a direction with spherical angles 
[image: image11.wmf]90

,

60

0

=

=

f

q

. Write down the state vector  
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 using the standard representation.  Consider the spin ½ system here.

 (b)  If you measure the spin of the state in (a) along the x-direction, what value(s) will you get? What is the probability of finding  each of them?  

     (20 pts)

3.  Calculate the following commutation relations

(a) [x,p]; (b) [x,p2]; (c) [x,p3];              (20pts)

(d) 
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