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I- Introduction to Superdense Cold Matter 
  

II - Strong Magnetic Fields - Neutron Stars and White Dwarfs 

III - Strong Electric Fields – White Dwarfs and Strange Stars
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Name M/MSun R (Km)
                    Pressure
(g/cm3)     (dynas/cm2)   
     

Neutrons    
Stars  1 – 2 11 – 13 5 x 1014       1032 - 1035

White Dwarfs     1 5400 3 x 106            1025  - 1028

   Sun     1 7x 105 1.4                   1017

Nuclear Astrophysics –  – Compact Stars







                      White Dwarfs



Scale of magnetic and electric fields to change 
dense matter equation of state, star mass and 

radius
Pressure  of Magnetic (B2/8P ) and Electric fields  (E2/8P) 

Quark and Neutron Star – Pressure 1032 - 1035 dynas/cm2 
B > 1016 G   -  strong effect  with  B ~ 1018 G
E > 1016 statV/cm ~ 1018 V/cm  – strong effect with E ~ 1020  V/cm

White Dwarf  – Pressure 1025 - 1028 dynas/cm2

 B > 1012   G       -   strong effect  with  B ~ 1015 G
 E >  1012 statV/cm ~ 1014 V/cm - strong effect  with  E ~ 1016 V/cm

Conversion -  1 Gev^2 ~ 5x10^19 G; B ~ m_pi ^2 Gev^2 ~10^18 G
 Units                                                  B ~ m_e ^2 Gev^2 ~ 10^13 G

 

an 



 Critical Eletric field - E
crit

 = 1.3 × 1016 V/cm

 Maximum surface electric and magnetic 
 fields measured
High B pulsars B~1013  G ;Magnetars B~ 1014 - 1015 G ??

White Dwarfs B~ 108  to 109 G (very magnetic)

Quark Stars  B~ 1015   to 1016 G ??  E ~ 1018   to 1019 V/cm ??

 

 Critical magnetic field  Critical magnetic field 



Electron Gas under Strong B 
Fields





Strong Magnetic Neutron Stars

Ishfaq A. Rather, Usuf Rahaman, V. Dexheimer, 

A. A. Usmani, and S. K. Patra, ApJ  917, 1  (2021)



Magnetic White Dwarfs – Uniform B field



Deformation of the White Dwarf - Uniform 
Strong Magnetic Fields



White Dwarfs under non-uniform Magnetic Fields



 Nuclear Reactions Constraints 
for Very Massive White Dwarf 



     White Dwarf Mass is smaller than the maximum  mass -
                                        Rotation  



 Fast-
spinning 
and Highly 
Magnetized 
White 
Dwarfs
Edson Otoniel, 
Jaziel G. Coelho, 
Manuel Malheiro, 
Fridolin Weber

White dwarf mass is smaller than the maximum  mass -
                                    Strong B Fields  
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 III - Strong Electric Fields in Compact Stars 

White Dwarfs Stars



Field Equation of Relativistic Charged 
Stars

The energy-momentum tensor for a spherically symetric 
charged Neutron Star is:

The Field equations are the following:
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The Bekenstein Equation (1971)
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Charge density and pressure profiles  Charge density and pressure profiles  
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Electric Field  Electric Field  
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Mass curves for different charges   Mass curves for different charges   



 Strange Stars -  Surface electric fields
 Rodrigo Picanço Negreiros, Fridolin Weber, Manuel Malheiro, and Vladimir Usov Phys. Rev. D 80, 

083006 (2009), Rodrigo Picanço Negreiros, Igor N. Mishustin, Stefan Schramm, and Fridolin Weber 
Phys. Rev. D 82, 103010 (2010 )



Mass, Charge and Surface Electric Field
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