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Reading	
  Quiz	
  

1.  Write	
  the	
  6me	
  
dependence	
  of	
  a	
  general	
  
quantum	
  state	
  of	
  the	
  HO.	
  

2.  What	
  is	
  the	
  “selec6on”	
  
rule	
  for	
  dipole	
  transi6ons	
  
between	
  states	
  of	
  the	
  HO?	
  

3.  What	
  is	
  Ehrenfest’s	
  
theorem?	
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ψ t( ) = e− iωt /2 e− inωtcn n
n
∑

Δn = ±1

QM	
  expecta6on	
  values	
  
obey	
  classical	
  laws.	
  e.g.	
  	
  
	
  

d
dt

x =
p
m



Recap	
  -­‐	
  matrices	
  

1.  Matrix	
  element:	
  
	
  
	
  
2.  Hamiltonian:	
  

	
  

	
  
3.  General	
  quantum	
  state:	
  
	
  
4.  Ladder	
  operators:	
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Uncertainty	
  principle	
  

•  How	
  to	
  calculate?	
  
 
ΔxΔp ≥ 

2

Δx ≡ x − x( )2 = ?

Δp ≡ p − p( )2 = ?



Superposi6on	
  
•  Electric	
  dipole	
  interac6on:	
  

•  Calculate	
  6me	
  dependence	
  for	
  different	
  
eigenstates	
  -­‐>	
  

•  And	
  for	
  general	
  state	
  …	
  

nf qx ni



Coherent	
  state	
  
•  Gaussian	
  ground	
  state	
  of	
  HO	
  doesn't	
  propagate	
  
(eigenstate)	
  

•  Displaced	
  Gaussian	
  changes	
  shape	
  as	
  it	
  propagates	
  
in	
  free	
  space,	
  but	
  not	
  in	
  HO	
  (coherent	
  state)	
  

•  Coherent	
  state	
  models	
  classical	
  par6cle	
  
•  State	
  of	
  minimum	
  uncertainty	
  (Dx=Dp=1/root2)	
  
•  See	
  anima6ons	
  on	
  book	
  web	
  page	
  &	
  class	
  page	
  


