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Reading	
  Quiz	
  

Numbers	
  for	
  
1.  Ground	
  state	
  energy	
  of	
  H	
  in	
  eV:	
  E1s(0)?	
  
2.  Mass	
  of	
  the	
  electron	
  in	
  eV:	
  me?	
  	
  
3.  Fine	
  structure	
  constant:	
  α?	
  



Reading	
  Quiz	
  

Numbers	
  for	
  
1.  Ground	
  state	
  energy	
  of	
  H	
  in	
  eV:	
  E1s(0)?	
  -­‐13.6	
  eV	
  
2.  Mass	
  of	
  the	
  electron	
  in	
  eV:	
  me?	
  0.511	
  MeV	
  
3.  Fine	
  structure	
  constant:	
  α?	
  	
  

 
α = e2

4πε0c
= 1
137



Recap:	
  The	
  hyperfine	
  interac[on	
  li\s	
  
the	
  degeneracy	
  of	
  the	
  H	
  ground	
  state	
  

1.  Hyperfine	
  interac[on:	
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Recap:	
  C-­‐G	
  coefficients	
  

1.  See	
  summary	
  sheet	
  for	
  am	
  rela[ons:	
  	
  
	
  

	
  
	
  

 
J± j,mj =  j( j +1)−mj (mj ±1)⎡⎣ ⎤⎦

1/2
j,mj ±1

 

J+ = Jx + iJy( )
J− = Jx − iJy( )
J+ , J−[ ] = 2JzJ+ j, j = 0; J− j,− j = 0 J+
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Fine	
  Structure	
  	
  
forget	
  about	
  proton	
  spin	
  now-­‐that’s	
  hyperfine!	
  

1.  Scale:	
  

2.  Fine	
  structure:	
  	
  
•	
  rela[vis[c	
  speed	
  of	
  electron	
  
•	
  spin-­‐orbit	
  coupling	
  	
  
•	
  (Lamb	
  shi\;	
  s-­‐states	
  only)	
  

	
  
	
  

n = 1

n = 2

1s 1
2

2s 1
2
, 2p 1

2

2p 3
2

1s 1
2

2p 1
2

2s 1
2

2p 3
2

F = 0
F = 1

F = 0
F = 1
F = 0
F = 1
F = 1
F = 2

Bohr Energies Fine Structure Lamb Shift Hyperfine Structure

       Table 12.1: Hydrogen energy scales

Term Scale
Bohr energy α 2mc2

Fine structure α 4mc2

Lamb shift α 5mc2

Hyperfine structure me mp( )α 4mc2



Rela[vis[c	
  correc[on	
  DOWNWARD	
  

1.  (Almost)	
  Straighdorward	
  applica[on	
  of	
  
perturba[on	
  theory	
  (PT)	
  

2.  Why	
  can	
  we	
  use	
  "non-­‐degenerate"	
  PT	
  for	
  this	
  
part?	
  

3.  Results	
  (do	
  for	
  HW):	
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Spin-­‐orbit	
  correc[on:	
  
Simple	
  applica[on	
  of	
  angular	
  momentum	
  addi[on	
  

	
  

1.  Electron	
  ORBITAL	
  magne[c	
  moment	
  and	
  SPIN	
  
magne[c	
  moment	
  interact!	
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Spin-­‐orbit	
  correc[on:	
  
Simple	
  applica[on	
  of	
  angular	
  momentum	
  addi[on	
  

	
  

1.  Electron	
  ORBITAL	
  magne[c	
  moment	
  and	
  SPIN	
  
magne[c	
  moment	
  interact.	
  

2.  Total	
  am	
  

3.  Coupled,	
  uncoupled	
  states?	
  

	
  
	
  

 

H 'SO = − − e
m
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J = L+ S
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L iS = 1
2 J
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Spin-­‐orbit	
  correc[on:	
  
Simple	
  applica[on	
  of	
  angular	
  momentum	
  addi[on	
  

	
  

1.  Coupled	
  states	
  give	
  diagonal	
  basis	
  for	
  H'SO	
  

	
  
2.  How	
  do	
  generate	
  coupled	
  states	
  from	
  uncoupled	
  

states	
  that	
  we	
  already	
  know?	
  	
  CG	
  coefficients!	
  
	
  

	
  
	
  

 

J 2 j,mjs = ?

L2 j,mjs = ?

S2 j,mjs = ?



Spin-­‐orbit	
  correc[on:	
  
Ground	
  state	
  n=1;	
  no	
  correc[on	
  L=0!	
  

	
  

1. n=1	
  uncoupled	
  
	
  
	
  
	
  
	
  
2. n=1	
  coupled	
  states:	
  

Both	
  stretched	
  states,	
  so	
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Spin-­‐orbit	
  correc[on:	
  general	
  

1.  ESO	
  ?	
  Diagonalize	
  the	
  S-­‐O	
  	
  perturba[onHamiltonian	
  
in	
  the	
  degenerate	
  subspace	
  ….	
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Spin-­‐orbit	
  correc[on:	
  n=1	
  

1.  ESO	
  (n	
  =	
  1):	
  	
  l	
  =	
  0	
  so	
  SOC	
  is	
  L•S	
  =	
  0!	
  	
  
	
  

2.  No[ce	
  0/0	
  ….?	
  The	
  l	
  =	
  0	
  problem	
  is	
  discussed	
  in	
  the	
  
book	
  –	
  it	
  is	
  the	
  so-­‐called	
  Darwin	
  term.	
  	
  Upshot	
  is	
  that	
  
it	
  is	
  taken	
  care	
  of	
  when	
  we	
  write	
  states	
  in	
  terms	
  of	
  J,	
  
not	
  l	
  and	
  s.	
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Spin-­‐orbit	
  correc[on:	
  (n=2,	
  l=0)	
  
	
  

1. n=2,	
  l=0	
  uncoupled	
  states	
  

2.  Coupled	
  states	
  are	
  the	
  same	
  

3. ESO	
  =	
  0	
  as	
  before	
  for	
  n=1,	
  l=0	
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Spin-­‐orbit	
  correc[on:	
  (n=2,	
  l=1)	
  
	
  

1. n=2,	
  l=1	
  (2p)	
  uncoupled	
  states	
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Spin-­‐orbit	
  correc[on:	
  (n=2,	
  l=1)	
  
	
  

1. n=2	
  ,	
  J=3/2	
  and	
  J=½	
  states)	
  coupled	
  states:	
  	
  

	
  
	
  
2.  TERM	
  SYMBOL	
  (just	
  more	
  nota[on	
  …)	
  
	
  

	
  

	
  
	
  

 
JmJs c

: 12 ,± 1
2 ,1, 12 c

; 2P1/2
2S+1LJ( )

 
JmJs c

: 3
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Spin-­‐orbit	
  correc[on	
  (states):	
  (n=2,	
  l=1)	
  
	
  

3.  Use	
  C-­‐G	
  coefficients	
  (HW)	
  to	
  write	
  
	
  (a)	
  Stretched	
  2P3/2	
  state	
  
	
  
	
  
	
  (b)	
  Rest	
  of	
  2P3/2	
  states	
  

(c)	
  2P1/2states?	
  

	
  
	
  

 

3
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Spin-­‐orbit	
  correc[on	
  (energy):	
  (n=2,	
  l=1)	
  
	
  

1.  ESO	
  (n=2):	
  	
  in	
  the	
  L=1	
  subspace	
  L•S≠0	
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S-­‐O	
  and	
  rel	
  correc[on	
  (UP	
  or	
  DOWN?)	
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4
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Bohr Spin-Orbit Relativistic Darwin

 
Erel
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Fine	
  structure	
  correc[on	
  
	
  

1.  Put	
  ESO	
  and	
  Erel	
  together	
  to	
  get:	
  
	
  
	
  
	
  

	
  
	
  Efs
1( ) = Erel
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