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1.  Time	
  dependence	
  of	
  <x>:	
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Recap	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1.  Time	
  dependence	
  of	
  <x>:	
  

2.  Radia(on	
  at	
  freq	
  omega!	
  

3.  Selec(on	
  rule:	
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Reading	
  Quiz	
  

1.  Write	
  the	
  Hamiltonian	
  H	
  of	
  spin	
  ½	
  electron	
  in	
  
a	
  magne(c	
  field	
  in	
  the	
  z	
  direc(on	
  (in	
  the	
  Sz	
  
basis):	
  
	
  

2.  Write	
  the	
  Hamiltonian	
  H	
  of	
  spin	
  ½	
  electron	
  in	
  
a	
  magne(c	
  field	
  that	
  has	
  components	
  in	
  the	
  z	
  
direc(on	
  and	
  the	
  x-­‐direc(on	
  	
  (in	
  the	
  Sz	
  basis):	
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Exact	
  solu(ons	
  –	
  spin	
  1/2	
  
1.  Hamiltonian	
  H:	
  
2.  Large	
  B	
  in	
  z	
  direc(on	
  (0th	
  order	
  Hamiltonian	
  H0):	
  

	
  
	
  
3.  Add	
  small	
  B	
  in	
  z	
  (perturba(on	
  Hamiltonian	
  H'):	
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Exact	
  solu(ons	
  –	
  spin	
  1/2	
  
4.  Add	
  small	
  B	
  in	
  z	
  and	
  x	
  (perturba(on	
  Hamiltonian	
  

H'):	
  (McI	
  2.1.2)	
  

5.  Eigenvalues?	
  (do	
  for	
  homework)	
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Approx	
  solu(ons	
  –	
  spin	
  1/2	
  
1.  IF	
  we	
  assume	
  perturba(on	
  is	
  small,	
  then	
  ….	
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Eigenstates	
  –	
  exact	
  &	
  approx	
  
1.  Exact	
  eigenstates	
  (McI	
  2.2):	
  

	
  
	
  
2.  IF	
  we	
  assume	
  perturba(on	
  is	
  small,	
  then	
  …	
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spin	
  ½	
  in	
  Bz	
  +	
  lible	
  Bz	
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  ½	
  in	
  Bz	
  +	
  lible	
  Bx	
  

 

H0 =
!
2

ω 0 0
0 −ω 0

⎛

⎝
⎜

⎞

⎠
⎟

 

H ' = !
2

0 ω 2

ω 2 0

⎛

⎝
⎜

⎞

⎠
⎟



spin	
  ½	
  in	
  Bz	
  +	
  lible	
  Bx	
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Harmonic	
  Oscillator	
  +	
  perturba(on	
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Harmonic	
  Oscillator	
  +	
  perturba(on	
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Harmonic	
  Oscillator	
  +	
  perturba(on	
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Harmonic	
  Oscillator	
  +	
  perturba(on	
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Harmonic	
  Oscillator	
  +	
  perturba(on	
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Harmonic	
  Oscillator	
  +	
  perturba(on	
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Harmonic	
  Oscillator	
  +	
  	
  
different	
  perturba(on	
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This	
  one	
  proved	
  
confusing	
  –	
  
perturba(on	
  has	
  the	
  
same	
  shape	
  as	
  the	
  
ground-­‐state	
  wave	
  
func(on	
  and	
  that	
  is	
  a	
  
total	
  red	
  herring!	
  Didn’t	
  
mean	
  it.	
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