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Dynamics of the Meissner Effect: How Superconductors Expel Magnetic Fields 
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The Meissner effect presents us with a fundamental puzzle that has surprisingly not been 
noticed before: how is the mechanical momentum of the supercurrent that expels the 
magnetic field compensated, so that momentum conservation is not violated? 
The only possible answer is, the body as a whole has to acquire equal and opposite 
momentum to the one developed by the supercurrent. In a cylindrical geometry, the 
supercurrent has mechanical angular momentum parallel to the applied magnetic field, 
hence the body has to acquire angular momentum antiparallel to the applied field. How 
does that happen? 
The Faraday electric field that develops in the process of magnetic field expulsion transmits 
angular momentum to the body in the wrong direction, parallel to the magnetic field, of 
magnitude that is many orders of magnitude too large. How does the body manage to ignore 
this enormous Faraday torque and rotate in the opposite direction? 
Any momentum transfer between electrons and the body as a whole has to occur without 
entropy generation since the transition is thermodynamically reversible. This excludes 
scattering processes involving impurities or phonons, that generate entropy. 
The theory of hole superconductivity [1] explains this puzzle [2]. The explanation relies on 
the facts that within this theory (a) normal metals becoming superconducting expel 
electrons from the interior to the surface [3], and (b) the normal state charge carriers are 
necessarily holes [4].  
The conventional theory of superconductivity does not have those physical ingredients, 
hence we argue that it cannot explain this puzzle. Therefore we argue that superconducting 
materials described by the conventional theory of superconductivity would either (i) not 
expel magnetic fields or (ii) violate momentum conservation. Consequently, they don’t exist. 
The alternative theory of hole superconductivity explains superconductivity as arising 
through pairing of hole carriers driven by lowering of kinetic energy [5], predicts that 
superconductors have inhomogeneous macroscopic charge distribution with more negative 
charge near the surface and more positive charge in the interior [3], and that a spin current 
flows near the surface in the absence of applied fields [6]. It also provides guidelines for the 
search for new and better superconducting materials. 
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What does BCS explain?
* That in the superconducting state, there cannot be a 
    magnetic field in the interior (phase coherence)
* That the energy is lower in the superconducting state
      with no B than in the normal state with B
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2λL orbits in superconductors

S
λL

vs R

€ 

L = (mevsR)ns(2πRλLh)
angular momentum of supercurrent:

€ 

=

€ 

=

N S

2λL

€ 

L = (mevs2λL )ns(πR
2h)

S

vs



Ground state of a superconductor (no magnetic field applied)

r=2λL orbits r=2λL orbits

Electron spin into screen Electron spin out of screen

Currents in the interior cancel out, near the surface survive
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There is a spontaneous spin current in the ground state of
superconductors, flowing within λL of the surface
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There is a spontaneous spin current in the ground state of
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Why electronic orbits expand to radius 2λL when a metal becomes
superconducting: 
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Prediction vs postdiction
The essential elements for explaining Meissner effect:

1)   Electrons expelled radially outward 
    (to generate Meissner current)

2) Holes are the normal charge carriers
 (to transfer momentum to body without dissipation)

3) Kinetic energy lowering drives superconductivity 
(to explain what drives electron outflow)

were part of the theory many years before 
the theory addressed the Meissner effect
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* Conventional BCS-London theory describes NONE of this
* The theory of hole superconductivity describes this physics 

Summary:      In the Meissner transition,  
* Electrons need to acquire momentum in direction opposite to
   that dictated by the Faraday electric field.
* The body needs to acquire momentum in direction opposite to
   that dictated by the Faraday electric field.

==> A radial outflow of superconducting electrons is
       needed, and a radial outflow of normal holes

* The transition is thermodynamically reversible

References: http://physics.ucsd.edu/~jorge/hole.html

* 2λL orbits describe radial outflow, give spin current,
 explain universal self-field critical current

Holes are necessary to transfer momentum
 from electrons to the body in a reversible way
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