6" Bangladesh Olympiad on Astronomy and Astrophysics

Regional Round 2023 — Set «

Instructions for the Candidate - R FIIAa T Fw=:

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.
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e Be sure to calculate the final answer in the appropriate units asked in the question.
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¢ Non-programmable scientific calculators are allowed.
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Useful Constants and Formulas

Mass of the Sun Mg ~ 1.989 x 103 kg

Mass of the Earth Mg ~ 5.972 x 10*' kg

Mass of the Moon M¢ ~  7.347 x 102 kg

Radius of the Earth Reg ~ 6.371 x 10°m

Radius of the Sun Rs ~ 6.955 x 108m

Speed of light c ~ 2.99 x 108m
Astronomical Unit(AU) ag ~  1.496 x 10" m

Solar Luminosity Lo ~ 3.826 x 100 W

Sun’s apparent magnitude me = —26.74

Gravitational Constant G ~ 6.674 x 1071 Nm?kg—2
1 parsec 1pc = 3.986 x 10'°m
Stefan’s constant o = 5.670 x 1078 Wm?2K—*
Pogson’s law my; —me = —2.5log F;

Spherical law of cosine cosc = cosacosb+ sinasinbcosC



5. MCQ

5. The radiation of the Sun peaks at the

wavelengths of visible light. The Sun has
a total luminosity of Lo = 3.86 x 1026 W.
Assume half of this energy is emitted as visible
light whose photons have a wavelength of
A = 550 nm. What is the number of visible
photons emitted from the Sun each second?
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a. 5.34 x 10%°
b. 1.07 x 10%
c. 5.34 x 10%
d. 1.07 x 10
e. 5.34 x 10%3

. Which of the following is a Jovian satellite?
qUE TG (G Jifen aR?

a. Titan
b. Mirinda
c. Phobos

d. Ganymede

. An Alien civilization built a 100% efficient
Dyson sphere around their own red dwarf star
with a surface temperature at 7' = 2500 K and
radius R = 7.656 x 107 m. They plan using
the energy collected to accelerate their plant
of mass m = 6 x 10%* kg to 1% of the speed of
light. This requires at least £ = 2.7 x 1033 J.
Estimate the duration required for the aliens
to collect the necessary energy.
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Answer the following multiple choice questions with a tick [y/]. Each question contains 1 mark.
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a. 72.8 seconds
b. 504 days
c. 524 years
d. 286 years
e. 420 days

. Which one is the brightest star in the night

sky? 69 @G ATed AP AIGR Tegel ©I1?
a. Sirius — T&F
b. Betelgeuse — @@l

c. Polaris — &Ioi<l
d. Spica — foal

. With respect to a hypothetical observer

on the Sun, the phases of the Moon as
seen by the observer repeat once and only
(Exclude
eclipses/occultations from consideration)

AR T TGS AT PGP AR IR Bi-
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once approximately every ...7

a. 24 hours
b. 27.3 days
c. 29.5 days
d. None of the above
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R. @ Men photometry

a Mensae is a star similar to our Sun i.e. its surface temperature and radius is analogous to that of our
Sun’s. Apparent magnitude of o Men observed from Earth is 5.09.

o Mensae 0 S@~ @3 OF wdie @3 #Tod SeE@ 8 JEIE R Moz 1 AR (AT o Men @F SIS g
5.091

a. What is the distance of @ Men from Earth?
"ﬁ@ @E o Men 99 g 97

b. Absolute magnitude is the magnitude measured when the object is placed at a distance of 10 pc. «
Men is 10.2 pc away, what is its absolute magnitude?
10 pc ACY (I I ALCE GO (@ Gegeh (T OIS 961 27 7% 8%geh (Absolute Magnitude) ! o Men @3

a4F® AR 10.2 pe A G A7 SeGEpy F©7

¢. The intrinsic V-magnitude of a Men, My = 5.03; and its B — V color index 0.72. Find its absolute
B-band magnitude.
V band @ o Men 93 *@% 8%, My = 5.03 @3 B—Vﬁﬁw 0.721 B band 93 *@¥ g7 Mp A7
P
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9. Two friends down to the round earth

Two friends, Rafi and Turja live in two different locations in northerm hemisphere and the distance between
them is 2540 nautical miles. The latitude and longitude of Turja’s location are 35° N and 20° E. Rafi lives
more eastward than Turja. From Rafi’s location, the sun is visible 24 hours a day for 90 days.
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a. One day at noon, Turja observed the altitude of the Sun is 75°. What is the declination of the sun
on that day? Make an educated guess on what season it is.
@I 9% 7oea 9 [ Twel 75° Afawiel FeT; 6] e ifa [ERe™ (declination) 7 @ N (@ AR
BeICR?

b. Find the latitude at Rafi’s location.
A TEwee Qfa w41

c. Using the previous answer, find the longitude of Rafi’s location.

qIeeF AT Ted 929 I AP @famies @@ F90
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8. Copernicus’ Method

Jupiter is at opposition on a certain day (i.e. the Sun-Earth-Jupiter angle is 180°). After 87.5 days, Jupiter
is at quadrature (i.e. the Sun-Earth-Jupiter angle is 90°). Jupiter is observed to be back at opposition
311.5 days after quadrature. The sidereal orbital period of the Earth is 365.26 days. Don’t use Kepler’s
laws for this problem.
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a. What is the synodic period of Jupiter i.e the time between two consecutive similar configurations of
Sun-Earth-Jupiter?
gz=ifen ot (Synodic Period)— wall, S-7ffRl-gz=ifex “imifae =gt #1777 76 g« [eiem [ 153
[ F©7

b. Compute the sidereal orbital period of Jupiter.
JEifen [ SRHAT emwaerE i s

c. Compute the distance to Jupiter (in units of AU) using only the information given in this problem.

BN G PR e O 7 I 3T 7@ (AU o) fefa w91
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Observation
1. Identify the constellation in the following 2. On a winter evening, Aquila the Eagle is found
image. e RS e I to be setting. You are given that Altair has a right

ascension of 19"52™ and a declination of +8°55'25".

Assuming that you are on the equator, what is the

] local sidereal time? 9% Mced K@@ Aquila SRNGAE

. T @O @A (T 1 93 AGETE O Altair @F [ERIeT 20%

19752m @32 fegery 7o +8°55/25" 1 M BN fEcadR

IR ACH O GIACT Q¥ AfeTd TH{as N FA6!
e

(a) Ursa major — Jefues
(b
(c
(d

Canis major — Y714
Orion — <IET9FY

)
)
)
) Leo — Fieg =4



3. Name the following constellations labeled as A, B, and C. [Nto% SiHies ten e 39 1]
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