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i) Show that for the homo] ;
¥ independent of the m;ms) (;fégtl%s ?Olla}pse of a cloud of constant density, the free fall time is
P W lrn.d.te 1t, f(_]r the SUH if we . : -
sphere. assume the Sun to be a homogeneous

1) Sirius has the largest appare :

lJ of Sirius equals that of Iolur g?t brightness of any star in the sky. Assume that the luminosity
ec. Calculate h for ’ 1‘1_"_ The measured flux of light from Sirius is 1.2 x 104 erg;/t:.m2

sec. Lalcliate Mow lar away Sirius would be based on our

. i assumption in lieht years. Predict
what the parallax of Sirius would be r P gl e, Fadl

in this case.

) Explain what is mear .
[¢) Expls ¢ meant, by Gamow peak. Obtain an expression for the Gamow peak energy.

d) Suppose the ratio of the gravitational mass

b : and the inertial mass depends on the chemical
composition of the object. Schematically de

) sceribe the Eotvos experiment to show that the
torque upon interchanging the weights will no longer be zero if the weights are made of
different metals.

e) (i) If a Schwarzschild black hole is assumed to be a point particle with zero entropy, how
does it contradict the second law of thermodynamics?

(ii) In 2017, astronomers observed the merger of two neutron stars in a galaxy 1.4 x 10°
light-years away. The light and the gravitational wave (GW) signals came within 2 seconds
of each other. Estimate |1 — (vgw/c)|, where vgw is the velocity of the GW.

(f) Find the relation between the redshift z and the scale factor a(t). The photon decoupling

took place at z = 1090. Find the time of decoupling if the universe was matter dominated

even at that era.
he taken for a photon created at the centre of the Sun to come
for radiative transport.

n implies a non-zero gradient for the reaction

1) Obtain an expression for the ti1
Wt to the surface. Establish the equation

b Show that heat transfer by radiative diffusio

Pessure proportional to the radiant heat flow. (3+4) + 3

' ¢ o~
reaction? Where does it take place!

4 What is the triple alpha
| | Jativistic electron g

t as is proptorional to p*% where
soenerate re
of a degenera

|[ I o .
Yl Show that the pressure
Pis : i . o
“the matter density. . white dwarf decreases with increase in mass.
a whit

dys ) -adius of . , .
\ Lsiug scaling relations, show that the ra (2+1) +4+3



4. (a) Establish the equation of motion for a

of the Clll‘ib‘t("ffﬂl :-;.\-"l'lll)Ol‘ SI]O“.' l'.hﬂ.t-

T
Ly,

] . . snrved space-
where g, is the metric for the curved sp

(b) If the metric is given by
ds® = —dt? +

find T}, and I',.

(¢) The gravitational redshift,

at emitter and receiver points. Calculate the
of the sun and the receiver is in vacuum. Use the re

5. (a) Show that the first Friedmann

and the fluid equation

1 vo agp! 8_(}).;,; - (?g'(i:\
=29 DN ArH ox

time '

5 dr?
a (f) 1 — Jor2

equation
w2
a

p+3= (p+p) =0

’nGp
3

lead to the second Friedmann equation

Take a flat universe with A = 0.

(b) If the equation of state of the cosmological fluid be p = (y — 1)p where 0 < v < 2 is some
constant, find how the density and the Hubble parameter change with time. Show that v = 0
leads to an exponential expansion. Argue whether & > ¢ violate special relativity.

(c) Find the critical density of the universe at the present epoch if Hy = 67 km /s/Mpc. |

6. (a) f _onsider the reli_(: abundance problem where the relic
1079 4t T = 2% 10%9 K, when did the matt

in the form of such monopoles; the

tivistic.) Since then, the universe was

(b) Why does one need the baryo
equilibriur for haryogenesis?

(¢) Draw the Hertzsprung-Russel] dj
classes.

(d) Explain why the solay spectra she

of the sun is predominantly

made of hydropen.

= (2ad + a*) = —87Gp.

temipe
matter-dominated: wh
n numbe

agram [or main sequence

Wovery weak hydrogen

free particle in @ curved sp
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ace-time.

+ 12 do* + 17 sin? 0 d¢52] ;

with ¢ = 1, is given by the difference of the gravit,at,iona.l Potentia]g
gravitational redshift if the emitter is on the surf,,
levant values given at the end of the pape,

stars, indicating the different stellar

Balmer lines although the outer part 1
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3+ (24+2+1) +2

s the magnetic monopole. If Qo0 /Qrad =
er-radiation transition took place? (Assume all matter
rature was still so high that everything else was rela-
at is the present value of Qon/2rad’

I violating interactions to proceed out of thermal

(242) +142F3 |
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Some nmn(‘rical values that
7 =0.674 x 10-11 N m? kg 2

(g = 1.38 x 10-23 JK1 =86 x10-5 eV /K

You may need:

l .\lp(‘ == 3.26 lig

ght-year ~ 3.6 x 1011 m
tadiation constang ; 40/c=17.566 x 10~16 J 3 K4
i == 1_673 X 10—27 kg

\ge of the universe ¢, — 4 x 1017 ¢

\B temperatyre atl present = 2.725 K
Jlectron mass 1, — 0.51 MeV/c?
{ubble constant Hy =170 km/s/Mpc

26
solar values: My =1.99 x 1030 kg, Ro =6.95 x 108 m, Lo = 3.84 x 10%°W,
olar effective temperature = 5777 K.



