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The Lamb Shift
Δν=1058 MHz = 0.035 cm-1
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Williams Phys.Rev. 54.558 (1938)

Dirac Theory 2S1/2,2P1/2  
exact same energy 

Deviations from Dirac theory observed by Houston and 
Williams

frequency ν=0.364  cm-1 

λ=2.74 cm (micro-wave)

2P3/2 → 2P1/2
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from Williams Phys.Rev. 54.558 (1938)

n=3 to n=2 is Hα

Dα deuterium 
line broadening is mostly  

doppler @100K

5mm = Δν 1 cm-1
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Pasternak (1938) suggested that these results 
could be 2S1/2 ,2P1/2 splitting of 0.03 cm-1 . 

However, most attributed discrepancies with Dirac 
to impurities in the source.

3rd row:  if 2S level displacement was 0.030 cm -1
accounting for Hα  line being from two transitions:ratio of intensities =  

Intensity(3D3/2-2P1/2)/Intensity(3P3/2-2S1/2)=2.4
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radar technology 
developed for WWII
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Excited atoms (1/100 by e- beam) passed through a region containing both microwave 
radiation and an adjustable magnetic field, and then hit a metal target.  Only excited 
atoms produce electrons upon  hitting the W foil, producing current. The key to the 
experiment was that if the magnetic-field-induced energy difference between the two 
states was equal to the energy of the microwave photons, then the long-lived S-state 
would absorb a photon and turn into to the short-lived P-state. These atoms would drop 
back to their ground state before reaching the target, and the current in the detector 
would essentially vanish. 

schematic
λ=2.4-18.5 cm

B
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Lamb Nobel 1955
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Lamb, 1947

current drops when 
2S->2P transition 

is induced
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𝚫l=1,- 𝚫ml=1,0,- 𝚫s=
no j=0 to j=0

Electric dipole atomic transition rules for decay to ground state:

𝚫j = 1,0,-1

Lamb Nobel 1955

α to a,b,c β to b,c,d α,β to e α,β to f 

2S1/2↛1S1/2 τ = 1/7 s
allowed  τ ~ ns

tune microwave cavity to induce transitions

1/2,-1/2
1/2,-1/2

3/2,1/2,-1/2,-3/2
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Weak field Zeeman for Hydrogen  
varies linearly with B
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Lamb, 1947

E(2S1/2)>E(2P1/2)  

2S1/2,1/2 → 2P3/2,m ⇒1S0
microwave decay
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Lamb Nobel 1955

hyperfine barely resolved   
(21 cm, 1420.4 MHz)
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Lamb shift in Quantum Electrodynamics 
is due to vacuum fluctuations 

dots are proton charge

∝ to probability for e- to be at r=0 (S states)
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theory depends on exp. proton radius

Last word on Lamb shift:


