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Instructions for the Candidate - SIrFAg Ty fNr=:

e 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.
dfefs atas wv2 TeEd 6w NG afe @ wwEesd | Il o fenafEeeE sasftet
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e Be sure to calculate the final answer in the appropriate units asked in the question.

PO TEd o Sl AT GFE RO |

e Non-programmable scientific calculators are allowed.

T (AT AR BT FEFCE0F AR |

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

fefB et CIta [ | IHACS T7 I (A AR |

e The exam duration is 1 hour and you’ll have extra 15 minutes to compile the answers and
submit the PDF into the designated portal.
HFF T > ToI, Tea9@ ST I e Tl (R ST e s |
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Useful Constants and Formulas

Mass of the Sun

Mass of the Earth
Mass of the Moon
Radius of the Earth
Radius of the Sun
Speed of light
Astronomical Unit(AU)
Solar Luminosity
Gravitational Constant
1 parsec

Stefan’s constant

Mg
Mg
M¢
Rg
Rg
C
(o
Lo
G
1 pc
o

2

2

&

&

&

&

14

&

2

1.989 x 1030 kg

5.972 x 10** kg

7.347 x 10%* kg

6.371 x 10°m

6.955 x 108 m

2.99 x 10%m

1.496 x 10" m

3.826 x 10%6W

6.674 x 1071 Nm?kg 2
3.986 x 10" m

5.670 x 1078 Wm?K—*
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5. MCQ

Answer the following multiple choice questions. Each question contains 1 mark.

o 98 v aefe Teq wie | afelid oy > T7a 1

a. On June 21st, an observer in the Northern hemisphere notices that the maximum and minimum
length of shadow of a 1.0 m pole is 16.3 m and 1.05 m respectively. What is the latitude of
the observer?

TR Y O TG (NENE TRIFS GFT ALIHS 9 (@ G0 > WO T Ao =R A @ A
M T 16.3 m @92 1.05 m 1 AT T F?
i. 10 degrees N
ii. 25 degrees N
iii. 55 degrees N
iv. 70 degrees N

b. At 9 p.m, Castor, Regulus and the Heart Nebula can be seen in the night sky. Which
astronomical season is it currently?

e & BF 7% Castor, Regulus @32 Heart Nebula FMCd SIFIce (A2 AR | 9 (9 g HC?

i. Autumn
ii. Summer
iii. Winter
iv. Spring
c. The star R136al has the highest luminosity of any known star at 3.33 x 103 W. It has an
estimated surface temperature of 53,000 K. Supposing R136al only emits photons at it’s peak
wavelength, calculate the number of photons emitted each second.
R136al Tt G0 O TRI{CY S ORISR 01 AfE (Frel) FIw@ @ A w4l 3.33 x 103 €316 |
2 SRR P SI@l &’ 53,000 @Ffed | I oFife vy A sEHmrdR @9e [fead I3 o, afs
CTPCE O (AT T (@B ({9 27
i. 9.18 x 10" photons
ii. 9.18 x 10* photons
iii. 9.18 x 10° photons
iv. 9.18 x 10°° photons

d. You are lost in a tropical forest at night. The crescent moon forms a sad face at you low in the
sky because you have forgotten to bring a compass. Which of the following options correctly
matches the moon phase and the part of the sky it is in?

T GiIeT St e QAW oIl | (@B 5 SIsies (el AR A 6! Reie Yo Fhre (7l AR |
5 @ G st Fa9 AT 9=ag1?

i. Waxing, east

ii. Waxing, west
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iii. Waning, west

iv. None of the above

e. A binary system with two stars has a head-on inclination of 90°. The first star has an effective
temperature of 77 and radius R;. The second star has an effective temperature of T5 = 2.577
and radius of Ry = 0.75R;. When the larger star eclipses the smaller one, what is the change
in bolometric magnitude?

GG (EereRl WIBR B SRAE ONTST (M AR @ G T HoAAE Q79 FACS A, AP Head
On S=F A0 | 44T SR IRNE Ry G2 7 SI#N@ 7} | 9o SRIf7 e Ry, = 0.75R, @3 Siv@t
Ty = 2.5T; 1 I qC ORI (2B SRIE &= wol o 7 g7 Segen T97

i. 0.7
ii. 1.4
iii. 2.8
iv. 3.4

Q. Sun As a Cube

Like everything in Minecraft game, an Astronomer started thinking what will happen if our Sun
would have been a square of similar luminosity.

i (oo ol ve wwe, ¢ 2© M TRTEHFS " T© AW 74 &P s @it g2 Afeq o=
EX

a. If the Sun was a cube, what would be its surface temperature?
A @ R Gl e o 7o O R p Sl F© A7

b. In what interval, does its magnitude lie as seen from the Earth?
SR (A AN FACE, 9B T AT SR AR A F© FI (A @I FAL ) |

Hint: The volume for Cube Sun remains the same as usual.

9. To the aid of Arabella

On April 16, 1664, one of the members of the Arabella crew found himself on a desert island. Waiting
for a hard night, and watching the homemade sun clock, he determined that at noon the length of
the shadow from the stick was 5 inches. The shadow was directed to the north. The stick itself was
5 feet long. Help the sailor determine his latitude, knowing that he is in the northern hemisphere.
One foot is 12 inches.

SUB A, SLYU8 A Arabella TRIET QTG 0T G SR At e WiTEa w61 o qced
SFFR OR (FANCS A @30 TG M of @7 F96 @ T4ieed T G =fox 2R o feet ¢ 2
BT ¢ 5 o et g TeEa W ©iF T e | AT ©iF et Feee AR Fh
T S @ FH 5L 3R
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8. Asteroid Belt

A main-belt asteroid with mass M, = 10'® g and radius R4 = 6 x 10° cm initially lies in a circular
orbit with radius r = 3 AU. It suffers a collision that suddenly and drastically changes its orbit;
afterwards, its elliptical orbit is completely enclosed by its old one, and its perihelion distance is 1
AU.

a6 &R ©F My = 10" g GR JPNE Ry = 6 x 10° cm A WMo JOTH TH20L SR T I - = 3
AU @2 aiq g [fen s1eqd 18 20 I T dlN @F %00 Ao =01 [ @it @6 ST e
HACS 20 AT TE T OF 547 FHFALE WO T 72 AePIe 77 S (@il @ |

a. What is the semi-major axis length (in AU) and the eccentricity of the new orbit?
W FHFARE TG AGACHFT SR S (e 1T T O FHALE STl 97

b. Lying in wait for the asteroid at » =1 AU is the Earth. Suppose Earth were scheduled to be
at the asteroid’s perihelion at the same time as the asteroid. How fast will the asteroid be
going relative to Earth when it reaches us? Will it hit Earth from behind, or will the Earth
overtake the asteroid?
a7l » el s FaTe Wor FAR 394 JRATe e e «ifve zom 1 awgfS RS AT
T© WS (IO O I AN e difie =1 FHAE @ wgae a7 F @R ki o dw
R 1 AEK?

c. Suppose that we observe the interaction that changed the asteroid’s orbit and therefore know
that the asteroid is headed our way. How much warning do we have (in years)?
R @ AT G NI SR ATES FCH WA RN @ G317 @ Afifqre wwte $9E@E | wemE
JIR F© TR AR G2 o[ 7 (I2q GFF)?



	MCQ
	Sun As a Cube
	To the aid of Arabella
	Asteroid Belt

