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Bangladesh Olympiad on Astronomy and Astrophysics

| National Senior Round |

18 April 2025

Instructions for the Candidate - A Aa &= NEwe:

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.

Afes oTee w2 TeEd (6@ TR e @R wwmesd | el waqae / enefEeme JEefen age
TR W 8 18 i<y S depifaie |

e Be sure to calculate the final answer in the appropriate units asked in the question.
TUS TE o I HIF G RO |
e Non-programmable scientific calculators are allowed.

T (AT A BIEE FEHETF SReN |

e The mark distribution is shown in the [ | at the right corner for every question.
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e The exam duration is 3 hour.
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Constants and Formulas

Mass of the Sun

Mass of the Earth

Radius of the Moon
Radius of the Earth
Radius of the Sun

Speed of light
Astronomical Unit(AU)
Distance of Earth to Moon
Solar Luminosity

Moon’s apparent magnitude
Gravitational Constant

1 parsec

Stefan’s constant
Boltzmann constant

Pogson’s law

my —Mms

1.989 x 103 kg
5.972 x 10** kg
1.7374 x 10°m
6.371 x 10%m
6.955 x 108 m
2.99 x 108 m
1.496 x 10" m
3.78 x 103 m
3.826 x 10 W

&

2

2

2

2
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&

Idea 1: Cosine rule for spherical triangle:

cos(c) = cos(a) cos(b) + sin(a) sin(b) cos(C')

Idea 2: Any real number x can be expressed as a continued fraction:

where ag is the integer part, and the remaining terms are determined iteratively.

r=ag+

1

ay +

az +

1
1

as—+...

6.674 x 10~ NmZ%kg 2
= 3.086 x 10'%m

= 5.670 x 1078 Wm?K~*
~ 1.38x 1072 J/K
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1. Metonic Photography [8]

Faria was preparing for the BDOAA National round with her friend Rokon. They traveled to the highest
peak of Bangladesh Bijoy (1280 m above sea level), with her new telescope— a gift from her father after
she won a Silver Medal in IOAAjr 2024.; TfeA ©F IF @ A BDOAA 03¢ 97 TroR @ &) o%fs
fAfoeet | ST AR TGE Tp 12T [Ew@ (@D *F s3yo o Twer) Ffaa Tga Gs e o= oo
GRcwefs e gima IOAA 2038 AE @ 5WE 16T OF K IR S22 (FAR |

During their observation, they witnessed a unique celestial event: the Waning Gibbous Moon was very
close to Antares during its upper culmination in the Scorpius constellation, occurring 169 minutes before
sunrise. Captivated by the sight, they captured a photograph with the Moon in the background. The
position of Antares is given as (For epoch 2000); SItHa A IwcAR T Ol G ©fo 5w rensifes a1 =%
T MR dus WG we 6 Al Tege o1 (HRIE O THANTR TR SR HfTEHT viow St IR (L
R | TS TR S HMCE iR @ @3 =R g1 @R (el SRR SEA & (K000 A AATFS):

a(2000) = 16h19m2GS, (5(2000) = —26025/55”.

Faria and Rokon promised to recreate this photograph in the future. Rokon pointed out that they could
do so if the tropical year (Ty = 365.2422 days) and the synodic month of the Moon (Ts = 29.53059 days)
aligned again. Excitedly, Faria exclaimed, “Oh, are you talking about the Metonic Cycle?”

TR ¢ @ 05 T Siwre ol B @ 3693 2 G | (@I 99 (@ @3 2F Ol WK ©elte Al I G
IR (Ty = 365.2422 ) @32 siore It (Tg = 29.53059 i) @33 A &F 201 FfA T 2@ q0a T,
“oical W T (BT St 9 F@R?”

(a) Calculate the duration of the Metonic cycle in years. Determine how many times this event will
occur in the 215 century. [3 points]
O Bird Y FoRT TR [T T | GFH [ Q3 ol FOAF W6Co 2M1TH?

(b) Determine the exact date and month when this event took place this year. [5 points]

5 T4 @2 (@I ey @3 BN @3 TR WHE @ F
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2. The Universe at Reionization [8]

You observe a galaxy’s Lyman-« emission line (which as a rest wavelength of A\est = 121.6 nm) at A\gps =

850 nm. This galaxy existed during the Epoch of Reionization, when the first stars ionized the Universe.

Assume a matter-dominated Universe. You are given the Hubble-Lemaitre Law:

T @ e AEwE-o [ieae 3@ @2 e I (I THROIBH STAAG \pegs = 121.61m) Aghs = 850 nm
SRHICY | @2 MEATET TR A AT FICS (@0 27 747 A era oIt TRRE ARTe FA0e &% I |
o s afyererie TRy €03 e oI | (SINE - TF (qea @i

v=Hr

where v is the velocity of recession, Hy = 70km/s/Mpc is the Hubble parameter and r is the distance to
the galaxy.; T v 2R NRIRCY @IAIRFY AR ST @, Hy = 70 km/s/Mpc T2 2@ RINH 93 1 *RHEws
AF WA R |

(a)

(b)

Calculate the redshift, z of the galaxy. We shall call this the Epoch of Reionization (EoR).[1 points]
WEATHR (RO 2 (IF T4 | WA 1P 14 Epoch of Reionization (EoR) |

The expansion of the universe stretched the wavelength out and caused the redshift. To explain the
expansion, we define the scale factor, a as the ratio of the size of the Universe at any time to its
present size. What was the scale factor at the EoR? [1 points]
TR TR STHAGE (BT I F(@ T T (ENTeAe 271 3 TePFe i FACe ANl (F e a
GRS F9 A F0R AP AN A TSH AR TR0 AFICAF &g2f® 1 EoR e TR0 o5 =i
TS fre?

The universe cools proportionally as it expands. If the current temperature of the universe is
Ty = 2.73K, what was the temperature, T at the EoR? [1 points]
TRIRCY TR A AN 2 Aot 2o A | 7 T2RCeT TSI wromar 7y, = 2.73K 21, Sz EoR
I TR A T fee?

Let us define the critical density, p. as the matter density required to halt the expansion of the
universe after infinite time. Find an expression of the critical density, in terms H and G. Calculate
the present critical density peo. [3 points]
el fEBHE Ty p. ¢ @R I @F qF6! T A7 AWdd TR TR TG S AN 2F (AT
I @3 FHFE T0ed o) G AT H @32 G AR o7 F9 1 Io [Foae 99y py @F F91

Matter density reduces with expansion. Calculate the critical density at the EoR. [1 points]
LA TQ AT A FACS A | EoR @3 NRF & NI fGhaiea-aae @@ 341

Hence or otherwise, calculate the Hubble parameter at the EoR. [1 points]
EoR &% G & < “RIRGH (@9 41
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3. Wi T© ©Fl ©F WA, [22]

“oIfE T© ORI ©F PN LOTS-HIACF A% ',
T© *IE RFANE R et T (uld (o

The night sky is filled with stars of varying shapes
and sizes— some small, others immensely large. Like
the famous song by Rabindranath Tagore, “Aji Joto
Tara Taba Akashe,” we often wonder how many
stars exist in each category. To answer this question
Astronomers have devised a unique relation called,
The Initial Mass Function (IMF) which describes the
distribution of stellar masses at birth. Formally, we
define the mass function ®(M) such that &(M)dM
is the number of stars with masses between M and
M +dM.

ices wi fafen wiew @9 wighen v i @fasid, fog
=l e oy feEee | TRmaes [y oOF, @ 3o
O 7 ST 97 o wNee i} wisiee g e
FOGCE SRl AICS 1T | ©% AT Ted ee cemifsfdeer-
A G0 v TR @ IERA A I AR-SF FHT
(IMF) i 3 & R SR Siead [t (oo et |
S S, SRl SH-FIaE & (M) RS F71 @
O(M)dM, M &F M+ dM 93 < O 74 AR |

With this definition, the total number of stars with
masses between M7 and M is; @2 RGP, M ([0
M, @3 T (6 ORF ALAF 4F™ 41 AR

Mo

N(My, M) :f (M) dM

My
Thus the function @ is the derivative of the number
of stars with respect to mass, i.e. the number of
stars dIN within some mass interval dM. Given a
population (molecular clouds, clusters, stars, etc.),
one can write the distribution of masses in the form,
we can take the derivative of both sides:
QOIE, T P 2R ©F ACACF ©OFIF A (efcebe A
dM @& OE&FF NG O[T A dN | @I S
(Il (T, ST, O 39)n) T o @ /e
TOY ATHFA (TRCSO® =1 G dh FACo AT,

dN

S =k M
dM !

One theory by Salpeter (1955) about the IMF
suggests that smaller mass stars are more likely to
form than larger mass stars: For every 1 star of mass
M, there are approximately 224 stars with one tenth
that mass.; (SifSf{G FAPBIAR (Soe¢) 7 awe G
fensfq wte, IMF 03 (@ IC (9 S (50 (R Odd O
T (SR TR @ I qbfe Mg o M 97 o
2, O1Z0eT 338 6 @F ©e3w OIRIF T 209 I OF M OOEd
OIIF 7 ©ICAT GO |

(a) What is the value of exponent « based on the
theory? [2 points]
el @ PIE o Jpees I F©7?

(b) If you assume that the nearest 1000 stars have
nice, friendly masses of either 10, 1, or 0.1
solar masses (Mg), how many of each mass
are there in the nearest 1000 stars? What
percentage of the total mass does each group
have? [4 points]
IM G 4@ qe @ FRA dooo 6 TR ©F do,
S @R 0.5 CTASEA (M) M, Sz effs eF=
SRIF AP FO? oS AT O (WG O F©
*[SIe* 7Ye PR (TR

Often instead of the number of stars in some mass
interval, we want to know the mass of the stars. In
other words, we might be interested in knowing the
total mass of stars between M7 and Ms, rather than
the number of such stars. To determine this, we
simply integrate ® times the mass per star. Thus
the total mass of stars with masses between M7 and
M, is; QAP GFH ©F J(ECS ORI AL SFIF (BT
S B ORA TS (6 TF F© GACS @ A | HT-
LR AN ;O M (F My OEFF OIFE T IO Ol AR
S (N6 ©F TIFCS 512 1 GBI I el P (& Afs SR
TR ACATE 2FBCAB F991 YOI (6 ©F TJ,

Mo
M*(Ml,Mg) = M@(M) dM
M,
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or equivalently; @¥2 ©Itd

dM,
= MO(M)=E(M).
S = Ma(M) = €(M)
Unfortunately the terminology is somewhat

confusing because £(M) is also often called the mass

AN

€(log M) = M &(M) = M-—

dM

function, even though it differs by a factor of M
from ®(M). You will also often see {(M) written
using a change of variables; 734&w< 205 (Syfefearar
P W (M) (TS SA-FIE I, Awe a6t d(M)
QR M e 9| O g TS WEAFIR (PR “Afqeq
IE L‘]WW{(M) ( g 00 MAE—

dlogM dN ~ dN
dM dlogM  dlogM’

If we want to write the new definition as; SIS IM T ©IF Fe@A® FACS HID

¢ (log M) =

dN
g M

dlo

= ]{JQM_F

(c) What is the value of I' and how does it relates with a?
I &9 N9 F© 0 G2 AW A AT AAF (7

[2 points]

Note that the IMF is defined as the total number
of stars ever formed per square parsec in the galaxy,
which is different from the PDMF (Present Day Mass
Function), which is the number of stars currently
in existence per square parsec. The difference lies
in the fact that some stars will have died since
the formation of the galaxy, so using the IMF will
overestimate the number of stars. For a constant
birthrate of stars, the PDMF (¢) is related to the
IMF (¢) by; @@ 32 IMF & wife 4 2@z @
WA &fS AR (W6 FOLT ST T 2R @6T
ol TSN wR-F (PDMF) (@ &iemi 1 @3 Ay
IR R FEET TR 77 (0T TR g O oF |-

IV (T DA (TR | O SN U &7 AT TS
TI-FIH A3 A SI-FIHAT T T

&(log M )Tns/To,
§(log M),

where the PMDF and IMF are both in terms of stars
per square parsec per logarithmic mass interval, Ti

Tms < TO

Tms = TO

p(log M) = {

is the main sequence lifetime of a star, and Ty = 10
Gyr is the age of the galaxy.; @t PDMF @92 IMF
ToAT M I TR &S o AR GG Folfawis
RWICT (5 (TP S0, S0 (ATF doo JSIF) SIAR F 1 T}y
R AR ORI I @32 Ty = 10 k=g «genfeg
AN

L,=bMP

% i Wt Wifece FwE @R ST AE?

(d) From our study of stellar evolution, we find the luminosity of stars are related to mass by
TN THGE RO @ (AF, OFF TIE G SEF T

=23 b=023 = M, <043My
B=40 b=10 = 0.43Mg < M, < 2Mg
=35 b=15 = 2My < M, < 20Mgy

What is the age of 3 types of star in question (b) in terms of solar lifetime.
2% (b) (S TS © AFET THF I (N T F97

(e) What is the total luminosity of all the 1000 stars combined during formation and currently?
Which stars dominated the total luminosity during formation and dominates currently?
AHT SCIF T 3R A dooo B SR (B Wi F©?7 (I AFIAF ORI AT TN IR TSHT 5000

[4 points]

[10 points]
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4. Motion of the Stars [19]

Sifat loves to explore the night sky and look at different constellations. Although the shape of the
constellations does not seem to be change, he knows that the stars have their own motion, and as a result,
the constellation won’t be the same after long time. He looks at Procyon and Sirius and ponders if they
ever going to meet at a single point in night sky, and how long it would take to happen. To simplify his
calculation, he assumes Procyon has a constant angular velocity of 200 mas/year towards Sirius, and Sirius
has a constant angular velocity of 350 mas/year in the direction of Procyon.

FTere Ao P 3R ORI RIETHA FACO AEWS ORI | IS SHANTHAER HPH |ire ©ied ~fFafee =7 1,
@1 Tt ORISR TR e ofs @iy, gom A T A9 SRNTAsER aee Aftafee 2@ W@ ¢ gEe @R
gor SRR e Ofvr oRE, StHReE I FFee @32 e fifere 2re (7l A, @4 T F© 3F A0IE? 9F
TG FACS (T 4CF P61 FFH AOTH @47 ofe 200 NENRETS /327 o WF 4R TR &9 @F f weo
s erse /g deer M

Star | Right Ascension («) | Declination (4) | Parallax (w)
Procyon 7'39m18.1° +5°13'29” 284.56 mas
Sirius 6"45M8.9° —16°42'58" 379.21 mas

AEA 1: T qR ASTE O

(a) Use Spherical Triangle Formula to find the angular separation of the two stars, Af. [2 points]
IRl fargrer @ 92 IR SRR W (P 77 Af &4

(b) Calculate the distance (in parsecs) between the stars.
SRMEER WY RS 76w (RO GhCP) (79 I [2 points]
Use Af = 10° if you have not done question (a).
M QN AN (a) LTI AL 7 FACO S O A = 10° 4@ IS 9 |

(¢) According to Sifat’s assumption, how long it would take for the two stars to meet at a single point

in the night sky? [3 points]
Preices e R, qited wFe o R B @R e [ire 20e % sy =i |
(d) What is the Declination (d.) and Right Ascension (a.) of the point they meet? [44+2 points]

@ fee ot ) 6 fifere zane o g e (6,) 992 R (o) F7

(e) Find the proper motion (usp, fta,p) of Procyon e.g find it’s rate of change in § and «a.
oIt Qe oo (R a3 g™ =St 79, 5.p, fia,p) (7 I [4+2 points]
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5. Planetary Parade [14]

On February 28, 2025, a rare planetary alignment took place, featuring seven planets— Mercury, Venus,
Mars, Jupiter, Saturn, Uranus, and Neptune— all visible in the evening sky. Talha was eager to observe
this event, but due to light pollution and obstructing buildings in Dhaka, he struggled to find a suitable
location.; b1 (FEM, 03¢ 936 [T q2-7CTE WG IR @RI ClFeeices 4 B az — 34, w@, v, 32=ifs,
i, 32fs, TEEA 92 @R HHWIF AR 42 AL (721 (3MfewT | Serey Wi «=irawe Fare ofs @ o g
B SIS A G2 IC-IG AR Pl (37 Ol G316 Sel Yo #fifozet =7

To get a better understanding of the alignment, he called his Phaembaeﬂ, who was observing the alignment
from Rajshahi under clear skies. Based on their conversation, Talha noted down the following details:
AZACHANE OIS JATS (7 TR (F 3 e, @ R AP0 O AEHRCS Sd A Fafeed | simd
AR ACATE, SRl feda st §ea e |

O Mercury was located 5° west of the First Point E
of Aries (P). [2 points]
4t g7 fga (P) ¢ fofa wte e ez T
O Venus displayed a phase as shown in the figure

0. ©& aAted I “i<F foraa 7@ et [3 points)

0 The Moon was 0.5 days old, with just 0.2%
illumination. M I O W@ WS e, @e

TegeTol 0.3 ¥OIeH | [3 points]
O Mars was seen in the Gemini constellation. .

o areeE g AT eI (7l AR [1 points] 5@ 1: Venus as seen in the Sky
O Jupiter appeared above the Hyades cluster.

T (22T ORIICFA 8ot (7l AR [1

points] Mercury &  Saturn R
O The ecliptic longitude of Saturn was —+350°. V

enus Q@ Uranus &

e els-mifesied foe +oco fofa | [2 points]
0 Uranus had a right ascension of a = 3"25™, Mars d Neptune )

TERACE @I el o = © T01, k¢ T G [2 _

points] Jupiter Y Moon (¢

0 Neptune and Sun is marked on the map.
IR Wl (A (oipe @< IS oz v oreat
R |

Your task is to plot the positions of the planets and the Moon on Talha’s map, assuming that all of these
celestial objects lie along the ecliptic at the given time. For marking make the use of Astronomical symbols
of the planets given in the table.; (SMIF F& TCR AWE SHIDE@ AR @R HIMA oG Biee F411 €07 7o 217
@ AR oTF ETRRR e7(2 T3 I0F | (HfFe Fare g atzd (ifsidsi@s bF 92d 9 T GReE msa @itz |

>A pseudonym for Fahim vai
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