
Physics 653                                                                                          Spring 2023 

 

Homework #2 

(due Wednesday, April 19, 2023) 

 

 

1. (15 pts) Consider a 1D harmonic oscillator of mass m, angular frequency ω0 and 

charge q. Let |n> be eigenstates of the Hamiltonian H0. For t < 0, the oscillator is 

in the ground state |0>. At t = 0, it is subjected to an electric field pulse of 

amplitude E and duration τ. Let P0-→n be the probability of finding the oscillator 

in the state |n> after the pulse. 

 

(a) Write down the time-dependent perturbation to H0 

(b) Calculate P0-→1 by using first-order time-dependent perturbation theory. How 

does P0-→1 vary with τ, for fixed ω0 ? 

(c) Show that, to obtain P0-→2 , the calculation must be done at least to the second 

order. Calculate P0-→2  to this order.   

 

2. (10 pts) A hydrogen atom is in the ground state at t = −∞. An electric field 
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( ) tt e τ−=E kE (where k is a unit vector along z-axis) is applied until t = +∞. 

What is the probability that the atom ends up in any of the n=2 states to the first 

order? 

Does the answer depend on whether or not we incorporate spin in the picture? 

 

3. (10 pts) 1D harmonic oscillator is in the state n=0 at t = -∞. The perturbation is 

applied from t = -∞ to t = +∞. Show that if ( )2( ) / 1V t e x t τ = − + E , then, to the 

first order, 
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4. (20 pts) Consider a system containing two spin-1/2 particles. At t=0, the system is 

in the state 1 2, ,s sm m = + − , i.e. ms1 = +1/2, ms2 = -1/2.   

The unperturbed Hamiltonian H0 is spin-independent and can be taken as zero. At 

t=0, a time-independent perturbation is applied 2
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, where S1, S2 are 

spin operators (of the particles 1 and 2, respectively), and ∆ is a constant. 

 

(a) Find the state of the system at an arbitrary time t>0 

 

Note: This part of the problem does not deal with perturbation theory; find exact 

solution.  

 

(b) Using the result of part (a), find the probabilities that after time t the system 

will end up in 1 2, ,s sm m = + + , ,− − , ,+ −  and ,− +  states. 

 

(c) Now treat V as a perturbation (applied at t=0) and calculate the probabilities 

of the transitions described in part (b) using first-order perturbation theory. 

 

(d) Compare the exact solution found in part (b) with the approximate one found 

in part (c) and comment. 

 

5.  Reading assignment: Sakurai 5.5, 5.7. 


