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HW Problem Set

Note: Meaning of a variable is same as we use in the class.

1. Discuss how astronomers use Kepler’s laws to determine individual
star mass of a binary system when the plane of orbit has an inclination angle
¢ w.r.t. plane of sky. During class, we discussed the case when 7 = 0.

2. Consider two stars in orbit about a mutual center of mass. If a; is the
semajor axis of the orbit of star of mass m; and ay is the semimajor axis of
the orbit of star of mass ms, prove that the semimajor axis of the orbit of
the reduced mass is given by a = a; + as.

3. Do problem 7.4 of Carroll and Ostlie.

4. Two stars, A and B, have following epoch J2000.0 RA (a) and DEC
(0):
A - a = 14"29™42.95%, § = —62°40'46.1"
B - o = 14"39™36.50°, § = —60°50'02.3"

a) Find out the angular separation between A and B.
b) If the distance to A is 4 x 10'm, then how far is A from B?

5. Sun’s apparent magnitude is -26.83. What will be its absolute magni-
tude? A star at a distance 4 pc has an apparent magnitude 2. What will be
its absolute magnitude? Given that the Sun has a luminosity 3.9 x 1026 W,
find the luminosity of the distant star using above information.

6. Communication and weather satellites are often placed in geosyn-
chronous orbits above Earth. These are orbits where satellites can remain
fixed above a specific point on the Earth surface. At what altitude must
these satellites be located?
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7. We showed that specific intensity remains constant along a ray path.
Show that net flux F, = [ I,dQ falls of as 1/r2.

8. In the class, we derived the hydrostatic equilibrium by considering
gravity and pressure gradient. Consider a star is also rotating with a con-
stant angular velocity €2 about a rotation axis. Is it possible to develop the
equation of hydrostatic equilibrium for this configuration?

9. Assuming the Sun has radiated away half of its gravitational energy
content, show that it’s lifetime comes out to be around 107 years. You can
find the requireed data (Sun mass, radius and radiative energy loss rate) by
Google search!

10. We used the following formula during the derivation of d71'/dr for
radiation dominated part of stellar structure:

dr

Derive this. Please see Carroll and Ostlie book section 9.4 and equation 9.42
for this.

AP,
4 _ _ K/pFrad
&

11. Assuming the opacity in very hot stars is provided by Thomson
scattering, show that L/M has to be less than a critical value and find its
numerical value. (hint: use Eddington limit formula). How does this value
compare for the Sun?

12. During the class, we mentioned that, to overcome the Coulomb barrier
for fusion of two protons inside a plasma, required temperature T . ggsicar 1S
10! K. Prove this mathematically. Look up around eq. 10.26 of Carroll and
Ostlie book.

Argue that corresponding temprature for quantum mechanical tunneling
is 10" K.

13. The Q value of a reaction is the amount of energy released (or ab-
sorbed) during the reaction. Calculate the ) value for each step of PP1 chain.
Express the results in MeV. Masses of 1H, 2H, 3He and 3He are 1.0078, 2.0141
amu, 3.0160 amu and 4.0026 amu respsectively. Neglect positron/neutrino
masses.

What fraction of hydrogen mass got converted into liberated energy?



14. One can make rough estimate of main sequence lifetime T,,; of a
star using above result of Prob 13. Assuming the Sun will move off the main
sequence when central 10% hydrogen will get converted into helium, estimate
it’s T,,s.

Now using observed mass-luminosity relationship L oc M* with z ~ 3.5 from
H-R diagram and same assumption as above, make estimate of T, for lower
end and upper end star of main sequence (approx 0.1 Mg and 85 M,).

15. Standard solar model provides the core density p. and temperature
T, as p. = 1.53 x 10° kg/m? and T. = 1.57 x 107 K. Show that electron
degenracy condition is not satisfied for the Sun.

For Sirius B, p. = 3.0 x 10° kg/m? and 7. = 7.6 x 10" K are estimated.
Show that electron degenracy is achieved for Sirius B.

16. Pulsars are visualized as fast rotating neutron stars with strong mag-
netic dipole. And such magnetic dipole radiates energy! It is believed that
this energy can somehow be converted to kinetic and radiative energy of the
surrounding nebula. And because of this energy dissipation, the neutron star
also slows down at a certain observable rate.

Observationally, it is found that The Crab Nebula emits about 103* W
and it is believed that above mechnism is responsible for that. Assume the
neutron star at the center of Crab Nebula to be a rigid sphere, mass 1 M,
radius 10 KM. It is observationally found that the pulsar has pulse time-
period of 0.03 sec. Using all these information, calculate what should be the
slowdown rate in pulse time-period?

Compare this with observed rate of slowdown for Crab pulsar &~ 10713 s/s.

17. In liquid-drop model of an atomic nucleus, a nucleus with mass num-
ber A has a radius of rgA'/3, where 1o = 1.2 x 10~'® m. Find the density of
this nuclear model. Compare this with density of different layers of a neutron
star.

18. Consider two point masses, each having mass m, that are separated
vertically by a distance of 1 cm just above the surface of a neutron star of
radius R and mass M. Using Newton’s law of gravity, find an expression for
the ratio of the gravitational force on the lower mass to that on the upper
mass, and evaluate this expression for R = 10 km, M = 1.4 My, and m = 1
g.

Compare this in case of the Earth.

19. In the class, we calculated collisional relaxation time for self-gravitating



system. Follow ARC book and express this time in the following form (Eq.
7.12 of ARC book):

Too = 1010”—3
re n

assuming m = M. Then calculate T,..; values given in Table 7.1.

20. We derived Euler’s equation of fluid dynamics in class. Starting from
that, derive Bernoulli’s principle for steady flow:

1 d
—v? 4 / @ + ® = constant,
2 P

where, ® is gravitational potential.

There are fluid whose density p may not change appreciably during their
evolution (e.g., water or air). Such fluids are called incompressible flow (can
not be compressed!). Show that for such flow, one can write

1
—v?+ b + ® = constant,
2 P

21. Show that the mass continuity and the Euler’s equations can be
combined to produce the following momentum density conservation form for
momentum density component pv; (i = x,y, z components):

0

0
a(ﬂvi) + 5 (pviv; + Pdy;) = pF;

8xj

22. We derived following induction equation during the class:

o8B - ﬁ .
— =V x (¢ x B)+nV?B,
ot
with 7 = -L-. Show that if we consider ideal condition, i.e., n = 0, we can

. Hoo *
derive

d — —
— | BdS =0
it s
This tells about the magnetic flux conservation accross any arbitrary surface

element S as S moves inside fluid. However, if 1 is non-zero (i.e., resistive
MHD), there is no such conservation.
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