
Accretion Processes by Black Holes 



The critical and the sonic points 

 The Laval tube ï geometry used in 

rocket motors 

 

Cylinder with section A(x) that varies 

along the direction of the flow (x-axis). 

The minimum value of A(x) is attained 

at the point x0 

Mass conservation º  

 

 

Eq. of motion º                                    Take 

 

 

To obtain º    
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Differentiate the mass conservation equation to obtain: 

 

 

Replace into the eq. of motion: 

 

 

Or finally º                                          where                    is  the number of Mach 

 

 

There are four classes of solutions: outside the regions I and II, both sides of the 

eq. of motion are zero, since V and A are constants ï So only  these two regions 

are important to establish the flow characteristics 

 

Solution type 1 (unique) ï the flow is subsonic in region I (M < 1). Since dA/dx 

< 0, we have dV/dx > 0. When dA/dx = 0 at x0 º  V= a (the critical point 

coincides with  the sonic point). In region II, dA/dx > 0 and the flow becomes 

supersonic (this is the rocket solution) 

 

Solution type 2 (unique) ï the flow is supersonic in region I (M > 1).  In this 

case dV/dx < 0 (flow is decelerated). After the critical = sonic point, the flow 

becomes subsonic. 
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Solutions of type 3 and 4 (not unique) do not pass by the sonic point. This means 

that when dA/dx = 0  º  dV/dx = 0  implying that the velocity passes by a minimum or 

a maximum. 

Sketch of the solutions 



Flow of the solar corona 
Simplest model ï Parkerôs  one-fluid isothermal corona  (EoS): 

 

 

Eq. of motion:                                            and mass conservation: 

 

 

As before, use EoS and differentiate mass conservation to replace into the eq. 

motion 

                                                                                              square of  the isothermal 

                                                            where                         sound velocity 

 

 

Solutions are similar to the flow inside the Laval nozzle  

 

 

Critical point :                          critical velocity: 

 

 

Critical point coincides with sonic point - Solution type 4 ï ñbreezeò  
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Radiative acceleration: Thomson scattering 

Radiative force per volume unit: 

 

 

For an optically thin atmosphere º  

 

 

Eq. of motion:  

 

 

Consider an isothermal atmosphere and use mass conservation to obtain 

 

 

                                                           where 

 

 

Critical radius:                           hence in the subsonic, region the effective gravity  

 

must be positive  
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Winds of Massive Stars 

Radiative force on lines ï From the Sobolev approximation, the force per unit volume is 

 

 

 

 

Near the star surface, where is located the critical point, 

 

In this case, the eq. of motion (coupled to the mass conservation eq.) becomes 

 

 

 

 

 

In the radiative winds of massive stars, the critical point does not coincides with the 

sonic point  


