
Physics of the Magnetosphere of 

Neutron Stars 



Recall about the internal structure of NS 

Neutron drip 





Mass-Radius Relation 

Highest known accurate mass is that of PSR J1614-2230 
              M = 1.97 Ò 0.04M½ (Demorest et al 2010) 











Why to study magnetic field effects in NS ? 

Å Magnetic dipole radiation drains the rotational energy of pulsars 

 

Å Magnetic fields affect the spectrum of the emitted radiation 

 

Å Large magnetic fields affect the internal structure of the neutron star 

and its shape in particular 

 

Å Magnetic fields modify the beta equilibrium in the inner crust and 

hence the equation of state in these regions 

 

Å Magnetic fields induce electric fields able to accelerate particles at 

high energies 



Sketch of the pulsar magnetosphere and emission mechanisms   



Magnetic field regimes 

Weak regime:  H < Hcrit     º  critical field º    Larmorôs radius = Bohrôs radius 

 

 

 

 

Magnetic white dwarfs are in this regime 

 

Strong regime: Hcrit < H < HSch  where HSch is the Schwinger field 

 

The majority of the pulsars are in this regime. The Schwinger field is derived from  

 

the condition  º  
 

 

Schwinger regime: H > HSch º  quantum effects are important 

 

Magnetars belong to this high field regime  
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Magnetosphere of pulsars 
Magnetic fields participate on the equilibrium of the outer atmosphere of pulsars 

 

In the limit of very high conductivity, the hydrostatic equilibrium is described by 

 

 

 

 

Magnetic field cannot be neglected if  º  

 

 

For a typical NS: g ~ 1.9 x 1014 cm/s2  and k ~ 0.2 cm2/g º  B ~ 1.5 x 108 G 

 

 

The magnetic field affects not only the equilibrium but also the radiative transfer, 

since the opacity is not the same in the direction of the field lines and 

perpendicular to them 


