Astrophysics of interacting binary stars
Problem 1.
The pre-cataclysmic binary consisting of a hot white dwarf and a cool late type star
shows very deep eclipses of ΔV≈5.8 mag. From the light and velocity curves, it is
determined that the orbital period is 0.130080 days, and the maximum radial
velocities of the white dwarf and the secondary star are 80 km/s and 290 km/s,
respectively. Furthermore, the time period between first contact and minimum light
(tb - ta) is 85 sec, the length of the primary minimum (tc-tb) is 485 sec.

From this information, and assuming circular orbits, find the
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Binary separation.
Ratio of stellar masses.
Sum of the masses (assume the inclination angle of the orbit i ≈ 90°).
Individual masses.
Individual radii.
Does the secondary star fill its Roche lobe? Compare the volume radius of
the Roche lobe of the secondary with the radius of the star.
7. If the system with these system parameters is at a semi-detached
configuration and the mass transfer is occurring, does the stream strike the
surface of the white dwarf directly?

Problem 2.
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=1 M; 𝑀̇ = 10−8 M / yr ; 𝑅∗ = 9 × 108 cm
b) Neutron star: M=1.4 M; 𝑀̇ = 10−8 M / yr ; 𝑅∗ = 1.2 × 106 cm
c) Black hole: M=5.0 M; 𝑀̇ = 10−8 M / yr ; 𝑅∗ = 8.85 × 106 cm

