


























































(iii) When the system returns to quiescence, the light of the binary system
is dominated by the F-type star. In such close binaries, the stars become
deformed by the gravitational pull of the companion. This leads to their
projected surface on the sky—and therefore the total brightness—varying
with the orbital period. From such variations, the orbital inclination can
be deduced. In the case shown here, i ' 70◦ and P = 2.62 days. From
these parameters, determine the value of the mass function.

(iv) Knowing that the mass of an F-type star is M2 ' 2.4M�, deduce M1.
It is generally thought that in X-ray binaries where the mass of the unseen
companion is M1

>∼ 3M�, the compact object is likely to be a black hole.
Is the unseen companion in Nova Sco 1994 a black hole?

Q2: The gas density within a star decreases from the centre to the surface
as a function of radial distance r according to

ρ(r) = ρc

1− (
r

R

)2


where ρc is the core density and R is the star’s radius.

(i) Find m(r).

(ii) Derive the relation between the total mass of the star M and R.

(iii) What is the average density of the star in units of the core density ρc?

(iv) The gravitational potential energy of a star of mass M and radius R
is given by:

Ug = −αGM
2

R

where α is a constant of order unity determined by the distribution of
matter within the star.

Find the value of α for the density profile given above.
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Q5: An eclipsing-binary system has a parallax of 0.1 arcsec (with negli-
gible error) and consists of two solar-type stars with a semi-major axis of
500R�. The period is known very accurately.

(i) What is the angular size of each of the stars and of the semi-major
axis? If you can measure angles on the sky with a 1σ rms accuracy
of 0.01 arcsec, what is the percentage accuracy of the measurement of
the semi-major axis and of the radius of each star ?

(ii) Assume that the stars emit as blackbodies:

Fν(T ) =
2hν3

c2
· 1

ehν/kT − 1
,

where ν is the frequency is Hz, with an effective temperature Teff '
5800 K. If you measure the flux ratio between log ν = 14.0 and 15.0
with an accuracy of 10%, with what precision can you determine the
value of Teff?

(iii) If we now include an error in the measurement of the parallax of
σΠ = 0.01 arcsec, what is the percentage accuracy in the mass of the
system?

Q6: A star is composed of H (mass fraction X = 0.7), He (mass fraction
Y = 0.3) and negligible amounts of heavier elements.

(i) Calculate the mean molecular weight immediately above and below the
radius in the star where hydrogen becomes ionized. Assuming the transi-
tion between ionized and neutral hydrogen takes place over a very small
radial distance, such that the pressure and temperature can be consid-
ered constant across the zone, what would this imply about the dynamical
stability of the zone?

(ii) Assuming that the pressure P has contributions βP from gas pressure
and (1− β)P from radiation pressure, where 0 ≤ β ≤ 1, show that:

β4

P 3

ρ4

 =

(R
µ

)4 3

a
(1− β)

(iii) A polytrope of index n has central pressure Pc = WnGM
2/R4 and

central density ρc = XnM/(4
3πR

3), where Wn and Xn are dimensionless
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