PC 4201 Quantum Mechanics

Tutorial 4 (Time independent  perturbation method )

1. A hydrogen atom is placed in an electric field 
[image: image20.wmf] that is uniform and has the time dependence
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What is the probability that as  
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 , the hydrogen atom, if initially in the ground state, makes a transition to the 2p state?

2. Consider a harmonic oscillator described by

                               H = 
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and 
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Calculate the probability that a transition occurs from the ground state, as a function of time, given that the system is in the ground state at  t = 0. Use the fact,
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3. Nuclei sometimes decay from excited states to the ground state by internal conversion, a process in which one of the 1s electrons is emitted instead of a photon. Let the initial and final nuclear  wave functions be 
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where 
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describe the protons and xZ+1   …  xA   the neutrons. The perturbation giving rise to the transition is just the nucleus-electron interaction

                         
[image: image12.wmf]å

=

-

-

=

Z

i

i

e

V

1

2

x

x


where x is the electron coordinate. Thus the matrix element is given by
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(a) What is the magnitude of  p, the free electron momentum?

(b)Calculate the rate for the process for a dipole transition in terms of 
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       by making use of the expansion
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and  
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