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Unit 7: Path Integrals for Harmonic Oscillators 



Overview 
n  In this short section, we apply our analysis of 

path integrals to harmonic oscillators, 
obtaining some useful formulas. 

n We’ll also encounter Green’s Functions for 
the first time.   



Ground State to Ground State Transition 
Amplitude 

n  The Hamiltonian is: 

n  So the vacuum-to-vacuum transition amplitude, with 
an external force, is (from last time): 

n  Now we do two things: 
¨ We note that:                             is equivalent to: 

¨ We rewrite in the Lagrangian Formalism 



Ground State to Ground State Transition 
Amplitude 

n  The result is: 

n  The rest of the section is just evaluating these 
integrals: 
¨ Take Fourier transforms 
¨  Integrate over t and E 
¨ Change integration variables 
¨ Observe that the path integral gives the transition 

amplitude in a vacuum, which is one. 
¨ Switch to time-variables and invoke a Green’s function 



Ground State to Ground State 
Transition Amplitude, Cntd. 

n None of that math should be new, except 
maybe Green’s functions, which we’ll talk 
about next.   

n The result is: 



Green’s Functions 
n The equation of motion for our situation is: 

n  It’s simpler to solve this with: 

n Then, the solution is given by: 


