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Instruction for the Candidate:

e The candidate must write his/her personal information and registration number on the
answer script.

e You will write your answer in the space provided. If you need more space, use asterisk
(*) and Question No. in extra paper from the exam invigilator.

o For all questions, the process involved in arriving at the solution is more important than
the answer itself. Valid assumptions / approximations are perfectly acceptable. Please
write your method clearly, explicitly stating all reasoning.

o Be sure to calculate the final answer in the appropriate units asked in the question.

« Non-programmable scientific calculators are allowed.

o The mark distribution is shown in the [ ] at the right corner for every question.

Table of Constants and Formulas:

» Luminosity of Sun, Lg ~ 3.826 10% W = Gravitational Constant, G = 6.674x10"** Nm?/kg
= Radius of the Sun, Rg =7 x108 m * The area of a Sphere = 41 R?

» Radius of the Earth, Rg ~ 6.371 x10° m = Water Freezes at 100 degree Celsius

- Stefan-Boltzmann Constant , ¢ = 5.67 x 10 *W/m? | = Astronomical Unit, AU = 1.496 x 10 m

- Mass of the Sun, Mg = 2x10% Kg = Distance Earth-Moon = 3.8440 x 108 m
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1. Starlight

Welcome to Astronomy. Where we mostly talk about the sky and the stars. So how do we observe
the stars? Star produces their own light and it reaches us travelling light years. Stars are like cosmic
bulb. They emit a certain amount of light per second. In this question we’ll try to learn how we
observe the stars.
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a. Do you know why stars twinkle? Explain the main reason only. [1]
o fo @il ol wte (@4 Rl wea 2 I daefb oy [ 9 1 (3]

b. The amount of light star produces per second is called Luminosity of a star. Where the
luminosity of a star has a relation with its radius and effective temperature
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Suppose you’ve two stars where both have the same Radius and L1 < L. Which star is
hotter? [2]
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c. The light emitted by a star always spreads spherically. Can you compute the amount of
light we get in a unit surface area from a distance 1 km away? (This is actually called Flux
and denoted by F.) [2]
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d. Two stars with the same Luminosity has flux relation F1= 10 F». If the star Sy is 200 AU
away, then calculate the time needed to receive the light from each star. Stars light travels
in speed of 3x108 m/s. [3]

3 o o wwe uF3 f$8 SItia FIF @3 7R F= 10 F, | 3™ S; s=ifb (om@ 2t 200 AU
WA S11g 20 il 36 (A (IR IR ST 7 (oNRIF T (79 F9 | O S 3x10° m/s
@ AfgEwd 31 [9]
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2. Space Travel

The Sun and another star are 60 light years apart and at rest relative to one another. Attimet=0
(both on the sun clock and the spaceship clock) a spaceship leaves the Sun at velocity v =% c
headed for the star. Just as the ship arrives, a light-signal from the Sun indicates the Sun has

exploded. (Aliens have placed 3 clocks; one near the Sun, on in the spaceship and one near the
star)
T @R B O Yo WA NCH SR(FS G2 TS SIZR AGF SRS Qed 38 FQ= 1t =0
TR (R 9T 93R TR @F qMTre ) G TP T (*AF v = % ¢ @l ORIGA Sy Tal &
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a. When the ship arrives, what does the star clock read? [2]
T TR 5 (e 4w wraifba 1ftre o T afew 2 o F96@ 2 [1]
b. From Relativity we know,
QefFEel 49 Jq (AT A Sif,

Tsun clock = Trocket Clock \/1 —v2/c?

So how slow the rocket clock runs compare to the sun clock? [2]
OIFCE NI A TAfE Wit T Foed A HAE R R A WG GEw? [1]
c.  When the ship arrives, what does the ship clock read? [2]
4 TR 5 (TRe o TSRS 9ioce O MR Gfediite 2R @AAE 2 [
d. When the ship arrives, what does the Sun clock read? [2]
T TR 5 (e ©49 3 @9 9frs T Ty afedfzs T @R 2 [
e. When the Sun explodes what do the clocks on the Sun, the star, and the ship read? [2]
74 7 Rewie 27 o4 7 1Y, sRMHe 7T @3 TR @7 e Fo TR afedfze

TR e 9@ 2 []]
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3. Moon Picture

Books of Class 9-10 have an amazing formula. The Arc length formula!
The formula states—

SV @I SoW @A I2-9 @6 e @ IR | OIF (MG @ ! @5 G-~

“s =r 0, [when 0 is measured in radians, 1 radian = (180/x) °] 3
[0 Tl =7 @feaw 93 @, > @A = (Svo/) °]

Where s is the arc length and r is the radius of the circle. Recall that
2nr is equal to the circumference of the circle, so one can see the
above equation as reducing the entire circumference by the ratio of
the central angle 6 to a full rotation of 360°.”
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Sadman is an aspiring Astronomer. He saw a lunar picture in Facebook and now he wants to
measure the radius of the Moon from the picture. He googled that the distance from the earth to
moon is 3.8440 x 108 m and the angular diameter of the telescope field of view in this image is
about 16’ [ < = arc minute; 1’ = (1/60) °]

AV (Epfsfearat 20e 51 | (7 (1CE @S bird =9 e @2+ Bind =1 (TF Bima QieTe 7K (@9 F0o
B | (7 @9l (AP |IeS #iiRE (@ 23N (At B 7R 3.8440 x 108 m @R @ B[R0S (GRTCHAR W e
T @ GHGF @ Az (A Glrweed field of view ) S @ifee T sy’ [ = 9% 4 5, 3 =
(5/v0)°]
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a)

b)

Find the Actual radius of the Moon [You may use a compass or ruler] [3]
T B9 (A DIHa ST RN (@9 91 (Y IR 93 T IRAT FACS AF) [9]

This picture is taken during full Moon. Can you draw a diagram showing the orientation
of the Earth, Moon and Sun? [2]
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During Annular Eclipse which we recently observed
from some parts of the world Sadman found another
picture from Facebook. From your answer from
previous question and using the values of the radius
of the Sun and distances Sun-Earth, Moon-Earth can
you find the percentage of Solar Disk that will cover
by the moon when the center of the moon aligns with
the center of the sun. [Hint: You may or may not need
to use compass again] [4]
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