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Light in a medium: Abraham vs Minkowski
AbrahamMinkowski

H. Minkowski, Nachr. Ges. Wiss. Göttn. Math.-Phys. Kl. 53, (1908).  
M. Abraham, Rend. Circ. Matem. Palermo 28, 1 (1909).  
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Origin of controversy is the difficulty of separating electromagnetic field from matter.
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BEC experiment

Kapitza-Dirac interferometer (pulsed standing wave of laser light) gives 
momentum kick to atoms in BEC. Result seems to support Minkowski.  



Force on an atom due to a light pulse

Dielectric medium 
is a single atom
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induced dipole 

Which way does atom recoil?

J.P. Gordon, Phys. Rev. A 8, 14 (1973)

Extra force can be interpreted as the Lorentz force acting on the internal current.



Canonical vs kinetic momentum
gM = D⇥BMomentum density: gA = E⇥H/c2

D = ✏
0

E+ d�(r� r
atom

) B = µ0H

For a dielectric “medium” consisting of a single atom:
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Implications for Campbell et al.

Assume linear response: d = ↵E

d⇥B = ↵E⇥B

= ↵µ0S

where S = (E⇥B)/µ0

Poynting vector

In the experiment by Campbell et al. S = 0 and so gM = gA
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Abraham and Minkowski momenta are the same!



Electric dipole moving in a B-field: Röntgen interaction
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Wilkens, Phys. Rev. Lett. 72, 5 (1994);     Wei, Han, & Wei, Phys. Rev. Lett. 75, 2071 (1995). 



Force on atom in a plane wave
Assume plane wave laser beam: r⇥ (B⇥ d) = 0

F
atom

= qE
e↵

Assume linear response: d = ↵(E+ v ⇥B)

F = qEe↵ = r
⇣↵
2
E2

⌘
+ ↵

@

@t
(E⇥B)

[J.P. Gordon, Phys. Rev. A 8, 14 (1973)]

Ee↵ ⌘ �r�e↵ � @Ae↵

@t
=

1

q


r(d ·E)� @

@t
(B⇥ d)

�

Note that for structured light: r⇥ (B⇥ d) 6= 0

Be↵ = 0



He-McKellar-Wilkens phase: electric dipole moving in B-field

Aharanov-Bohm phase: �AB = (q/~)
I
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STATIC magnetic field)

He & McKellar, Phys. Rev. A 47, 3424 (1993), Wilkens, Phys. Rev. Lett. 72, 5 (1994), Wei, Han, & 
Wei, Phys. Rev. Lett. 75, 2071 (1995), Horsley & Babiker Phys.Rev. Lett. 95, 010495 (2005)…

Horsley & Babiker Wilkens

Seems to require a straight line of magnetic monopoles…
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HMW is dual to the 
Aharanov-Casher phase:

Phys. Rev. Lett. 53, 319 (1984).



Observation of the He-McKellar-Wilkens phase

Observed for static electric and magnetic fields 
by S. Lepoutre,  A. Gauguet, G. Trénec, M. 
Buchner & J. Vigué, Phys. Rev. Lett. 109, 
120401 (2012). 

Geometric phase: depends only on path 
taken, not on the speed 



Optical HMW phase?
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Note: this is different to 
the NIST experiments 
where an LG-beam + G-
beam generates a 
rotation in a BEC: 
Andersen et al, PRL 97, 
170406 (2006).

Two gaussian 
beams

One Laguerre-
Gauss beam

Atom interferometer



Summary

• Abraham-­‐Minkowski	
  physics	
  is	
  the	
  classical	
  part	
  of	
  the	
  
Röntgen	
  interac;on.	
  The	
  quantum	
  part	
  of	
  the	
  Röntgen	
  
interac;on	
  is	
  a	
  geometric	
  phase	
  which	
  is	
  the	
  op;cal	
  
version	
  of	
  the	
  He-­‐McKellar-­‐Wilkens	
  phase.	
  

• Structured	
  light	
  provides	
  a	
  way	
  to	
  realize	
  this	
  effect.	
  
• Structured	
  light	
  also	
  permits	
  new	
  ways	
  to	
  generate	
  

ar;ficial	
  magne;c	
  fields	
  for	
  neutral	
  atoms.



Laser configurations
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