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How strong should the fields be?  

Electric field E0   
performs over electron charge e 
along its Compton length 1/m  
the work, equal to its rest energy m  

E0 = m2
  /e =  1.3 ∙ 1016 V/cm E0 = m2
  E0 = m2
  

B0 = m2/e = 4.4∙ 1013 G   

E0 = m2
  E0 = m2
  



Optically as dense 
as: 
 
Air -----  
Water -----  

Diamond ------ 27 









 

 

1. Linear response of (the vacuum with) the 
background  B – anisotropic medium 

i) photon-positronium mixed state and photon 
capture 

ii) modification of the Coulomb field and its one-
dimensioning 

iii) point charge as a sort of magnetic monopole 
in parallel electric and magnetic fields 

 

 

 



• 2. Quadratic response of the strong 
magnetic field to an electric field: static 
charge is a magnetic dipole 

• 3. Cubic response of the blank vacuum to 
electric field 

i) self-coupling of a point charge and finiteness 
of its field energy 

ii) self-coupling of a magnetic dipole and of an 
electric dipole  

 











One-loop approximation of QED 
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b=eB/m 

 
 
 
 
 
 
 
 
 
 

Linear growth with magnetic field 



   





dashed: 

b = ∞, 10 6, 10 5, 10 4, 10 3, 0  

From left to right  



Modification of Coulomb field

     in strong magnetic field

Yukawa law for shorter

distances: 





Long-range part on the axis      = 0 

near the charge  

  

Potential on the string  
( infinite magnetic field) 

Short-range part on the axis      = 0 





Including positronium state into 
 second-rank polarization tensor 



Photon capture by strong

magnetic field: 



              E || B                                       
 

 
 

 

 

Simplest magneto-electric effect: 
point-like electric charge at rest  
in parallel constant electric and magnetic fields  



Furry-like theorem for static case: 
number of electric and magnetic legs are 
both even (space parity conservation). 
 
Why?  
 Because B is a pseudovector, hence it 
must enter even number of times, while 
the total number of legs is even from 
charge conjugation invariance. 
 
Basis for magneto-electric phenomena 
 







• 3. Quadratic response of the strong 
magnetic field to an electric field: static 
charge is a magnetic dipole 
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Magnetic moment of a charge  plotted against 
background magnetic field 



 

• 4. Cubic response of the blank vacuum to 
electric field 

i) self-coupling of a point charge and finiteness 
of its field energy (solitonic configuration) 

ii) self-coupling of a magnetic dipole and of an 
electric dipole  

 







In truncated QED: 

Quartic model 



Nonlinear Maxwell equations 

Electrostatic case 

Spherical-symmetric solution for point charge Q 
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Electrostatic energy of  electron charge Q = e 

Soliton field configuration 



19.03.14 

Electrostatic energy of  electron charge Q = e 

Soliton field configuration 



General local regular monotonous Lagrangian 

The field energy of a point charge e 

converges  if   

 or if  



The field energy of a point charge e 

converges  if   

 or if  

General local regular monotonous Lagrangian 







Summary: List of nonlinear effects in QED 

1. Linearization above a strong background field 
 
*Photon capture by magnetic field with formation        
of positronium  
*Screening of the Coulomb field by a strong  
magnetic field  
*Finiteness of the ground state of Hydrogen when 

B → ∞ 
*Magnetic monopole-like perturbation of  parallel 
electric and magnetic fields 



2. Quadratic effects above a strong background field: 
 
*Static charge in a magnetic field is a magnetic 
dipole 

3. Cubic effects without  any background field 
 
*Solitonic solution for the field of a charge 
 
*Nonlinear renormalization of electric and 
magnetic dipole moments 

Summary: List of nonlinear effects in QED 



Thank you for attention.
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Effective action  

Field equations 

Background field equations 



Designations 


