
Astrophysics of interacting binary stars 
Problem Set 2. Solutions. 

 
Problem 3 

 

How much mass per time must a neutron star of 1.4 M☉ accrete in order for its 
luminosity to equal that of Betelgeuse? The luminosity of Betelgeuse is about 
140000 times that of the Sun. 
 

Solution  3 
 
 
L=LBetelgeuse=140000 L⨀ =140000*3.85·1033 erg/s=5.39·1038 erg/s 
  

𝐿 =
𝐺𝑀�̇�

𝑅
     →     �̇� =

𝐿𝑅

𝐺𝑀
=

5.39 · 1038 ×  1.2 · 106

6.67 · 10−8  × 1.4 · 1.99 · 1033
= 3.48 × 1018 g/s 

 

 

�̇� = 5.52 × 10−8  M⨀  / yr 


 
 

 
 
 

Problems 4 and 5 
 
Write down the accretion disk’s relative thickness as a function of the accretor’s 
mass, the mass flow rate, and the disk’s inner and outer radii (assuming that an 
average effective temperature applies everywhere in the disk), and discuss the 
influences of the different quantities onto the relative thickness. 
 
 

Assume an accretion disk around a white dwarf of 0.85 M☉ (Rwd=0.01 R☉) with an 

accretion rate of 10-9 M☉/year and outer radius of the disk Rout=0.5 R☉. Estimate, 
how thick is such a disk at Rin and Rout, assuming a uniform effective temperature 
everywhere? 
 

 
 



Solutions  4 and 5 
 
 

 
 
 
 
 
 
 
 



Problem 6 
 
In lecture we derived the following expression for the effective temperature T as 
a function of radial distance from the central compact star: 

 
where σ is the Stefan-Boltzmann constant. 
 

1) Use this expression to find the location (i.e., the radial distance from the 
central star) where the temperature is a maximum. Express your answer in 
terms of 𝑅∗, the radius of the inner edge of the disk.  
 

 
 



2) Compute Tmax for the following types of accreting sources: 

a) White dwarf: M=0.85 M


; �̇� = 10−9 M


 / yr ; 𝑅∗ = 7 × 108 cm 

b) Neutron star: M=1.4 M


; �̇� = 10−9 M


 / yr ; 𝑅∗ = 1.2 × 106 cm 

c) a non-rotating Black hole: M=5.0 M


; �̇� = 10−9 M


 / yr 
 
 
 
 
 
 

𝑇𝑚𝑎𝑥 = 0.488 𝑇∗ 
 

a) Twd, max= 39800 K 
b) Tns, max= 5.3·106 K 
c) For a non-rotating black hole the innermost stable orbit is 

𝑅 = 3𝑅𝑆𝑐ℎ =
6𝐺𝑀

𝑐2
 

Rbh,in =4.42·106 cm 
Tbh, max= 2.76·106 K 
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