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End-Semester Exam

Wednessday, December 5, 2018 at t: fo.

a\

Duration: 3 Hours

Calculators are not allowed, all calculations have to be done by hand

r Mass of sun:Mo : 3 x 103oKg

o 1 Year:365 days

o lAU: 1.49 x 10rrM

o G:6.67 x L0-rr MKS units

o c:3 xL08M/s

o Lightyear:cxLYear

o !pc:3 x 1016 M

o radiation constant q:7.571g-rc1 14-ty-a
. kB = 1.38064852 y 1g-z314zyn S-2K-L

o Hubble constant - 70 KM/s/Mpc

e 1 eV : 1.60218 x L0-1e Joules

1. Estimate mass of the central object with a planet at distance R: 9.5826 AU from it, has an orbital period
29.4571years. What would be its's orbital period in years if .B = tAU.

2. The Fliedman equationt is given by

/d\2 8rG
1.;/ : Tp.

Relevant fluid equation is given by:

i,*t:(o* #) : o.

(a) Assume Universe is filled with radiation only and flat. Obtain solution for o (t) and p (t)
(b) If current temperature of the Universe is 2.7oK, what is radiation energy density coming from blackbody
radiation and what is O"oa?
(c) Show that ? x |, where ? is temperature of the universe and a is the scale factor.
(d) What is the age of Universe with respect to fs, when ? = 3000oK. The temperature at the core of the
Sun is around 107K. How old was the Universe when it was this hot?

3. The full Fliedmann equation is

(:)'=ry,-#
Consider the case /c > 0, with a Universe containing only matter (p : 0) so that p : fu/qs.Demonstrate that
the parametric solution

a(o) : #(t - cosd) ,

4q:ffi(o-sind)
solves this equation, where 0 is a variable which runs from 0 to 2r. Sketctr aand t as function of d
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4. The galarcy's age can be estimated by radioactive decay of Uranium. Uranium is produced as an r-process

element in superno'uae (don't worry if you don't know what that is!), and on this basis the initial abundances
of the two isotopes y23s *6 Um arc expected to be in the ratio

rr235 I

kl = 1.6b
u -'- li.iti"l

The decaay rates of the isotopes are

l(t/*o) = 0'97 x 10-e't-1

^(tr'3r) 
= 0.15 x 10-e'r-1

Finally, the present abundance ratio is
tt235 I

kl = 0.0072
u --- lioiti"l

Use the decay law
U (t) : U(0) exP(-It) 

'
to estimate the age of the gala;ry.

5. Consider a spherical elliptical gala,xy of radius R that has uniform density a,nd which consists of N stars
each of mass rn having typical velocities u. Assume the system is under virial equilibrium. Only measurable
quautities are, o, R, derive ocpression form total mass M.

(a) Compute M for an typical elliptical ga,laxy ha.'ittg a velocity v :}il}hrrn/sec = 3.5x105rn/s , end a
radius R : lOkW: 3.1 x l02om.

6. Derive the Earth-Sun distance D assuming that both are perfect blackbodies. Use -R6 : 7 x 10s M, ?o -
5780oK, &nd 

"o 
:288"K

7. The Lane-Emden equation can be written as

W.?#*r(r):s'
The boundary condition for the equation is given Ut {Plr=o : 0 and A(0) : l. Show that for n.: lthe
solution is given by 0(a): ry.
n=*,whereo2 =W,ForSun P"=2.7xLOrANfrn2,pc=L.62xLO6Kgfnxs,calculatera.diusofsunas n
per this model

8. Obtain the ocpression for hydrostatic equilibrium of a spherical distribution of a self-gravitating system.

9. Do not answers these questions:

(a) What is Luminosity of a star ?

(b) What is Chandrashekar Limit ?

(c) What are Pulsars ?

(d) Name atleast one person who discovered radio pulsar ?

(e) Can spam messages be sent using gravitational waves ?

(f) What was before bigbang ?
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