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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



Quantum Stars 
PV = NRTIdeal gas (Boltzmann)

            When                              (thermal excitation) T → 0 P → 0

But if we increase the density, each fermion particle is forced
to occupy only one energy state due to Pauli Principle.
This degeneracy regime provides pressure even at T=0!



→ ℏ2

m ( N
V )

5
3 ( non   relativistic )

→ ℏ2

m ( N
V )

4
3 (ultra relativistic )

P

P

Thus, the pressure of the free 
electron Fermi gas is

There will be stellar structure supported by this
degeneracy pressure since gravitation
compress the material enough (final stages)

S. Chandrasekhar
 (1934)
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                      White Dwarfs





R
ad

iu
s 

(s
ol

ar
 r

ad
ii)

0.035

0.04

0.025

0.03

0.015

0.02

0.005

0.01

0

Mass (solar masses)
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

U
lt

ra
-r

el
at

iv
is

ti
c 

lim
it

Non-relativistic Fermi gas
Relativistic Fermi gas

M Ch



Scale of magnetic and electric fields to change 
matter equation of state and  stellar 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    B ~ 1018 G
E > 1016 statV/cm ~ 1018 V/cm  – strong effect E ~ 1020  V/cm

White Dwarf  – Pressure 1025 - 1028 dynas/cm2

 B > 1013   G       -   strong effect    B ~ 1015 G
 E >  1015 V/cm -   strong effect    E ~ 1017 V/cm
 

an 



 Critical magnetic field  Critical magnetic field 

 Critical Eletric field - E
crit

 = 1.3 × 1016 V/cm

 Maximum surface magnetic fields

High B pulsars B~1013  G ;Magnetars B~ 1014 - 1015 G ???

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

 



Magnetic White Dwarfs
Contents
1. Birth Events, Masses and the Maximum Mass of Com-
pact Stars  - Jorge E. Horvath et al.
2. The Micro-physics of the Quark-nova: Recent 
Developments- Rachid Ouyed
3. Astrophysics of Super-dense Matter: A strangeon 
Conjecture  - Chengjun Xia, Xiaoyu Lai, and Renxin Xu
4. Fast-spinning and Highly Magnetized White Dwarfs
Edson Otoniel, Jaziel G. Coelho, Manuel Malheiro, and
Fridolin Weber
5. Hyperonization in Compact Stars -
Armen Sedrakian, Jia-Jie Li, and Fridolin Weber
6. Learning from the Frequency Content of Continuous
Gravitational Wave Signals
David Ian Jones
7. Insights Into the Physics of Neutron Star Interiors from
Pulsar Glitches - Marco Antonelli

II - Strong Magnetic Fields in Neutron 
Stars and White Dwarfs



Electron Gas under Strong B 
Fields







Deformation of the Star under Strong            
                        Magnetic Fields





                  Nuclear Reactions Constraints 





Heavy Magnetic Neutron Stars

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

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



 III - Strong Electric Fields in Quark Stars 

Electrically charged strange quark stars Rodrigo Picanço Negreiros, Fridolin Weber, 
Manuel Malheiro, and Vladimir Usov Phys. Rev. D 80, 083006 (2009)



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)



Pressure and Electric Field in the 
Layer 



Mass, Charge and Surface Electric Field



 Properties of bare strange stars associated with surface 
electric fields Rodrigo Picanço Negreiros, Igor N. Mishustin, Stefan Schramm, 
and Fridolin Weber Phys. Rev. D 82, 103010 (2010 )



Electrostatic contribution to the star mass
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