Bangladesh Olympiad on
Astronomy and Astrophysics

9th Bangladesh Olympiad on Astronomy and Astrophysics

| National Senior Round|

18 April 2026

Instructions for the Candidate - s =0 o=

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.
afefs atim w2 Tewe br TR afe @ eweryd | Fesid s ) epefEerE sEeRe aewey
ST M 8 18 Y AN Ao |

e Be sure to calculate the final answer in the appropriate units asked in the question.
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e Non-programmable scientific calculators are allowed.
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e The mark distribution is shown in the [ | at the right corner for every question.

ofsS etam o1 [ | IFACS THF B9 (R AR |

e The exam duration is 2.5 hour.
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Constants and Formulas

Mass of the Sun

Mass of the Earth

Radius of the Moon
Radius of the Earth
Earth-Moon distance
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

Hubble Constant

Mg 1.989 x 103 kg
Mg 5.972 x 10** kg
Re¢ 1.7374 x 10°m
Rg 6.371 x 10°m
l¢ 3.84 x 108 m
Ro 6.955 x 10%m
c 2.99 x 108m/s
ag 1.496 x 10" m
ag 3.78 x 108 m
Lo ~ 3.826 x 1020'W
me = =127
G ~ 6.674 x 107 Nm2kg—2
1pc = 3.086 x 10®m
o = 5.670 x 1078 Wm 2K~
kp ~ 1.38x 1072 J/K
Fy
mip —me = —2.510gf2
Hy ~ 70 km/s/Mpc

Idea 1: Cosine rule for spherical triangle:

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

Idea 2: These relations connect the Sun’s ecliptic coordinates (Ag) to equatorial coordinates (o), dp) using

the obliquity €. They follow from projecting the Sun’s position from the ecliptic plane onto the celestial

equator.

sin §o = sinesin Ag
tan ag = cos etan Ao

tan o = sin e tan ag
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>. Occultations €32 GIRRAGE [17]

When the Moon passes in front of a distant star, the event is called an occultation. Because the Moon is
close to the Earth, its apparent position depends on the observer’s location, introducing a parallax effect.
As a result, an occultation may be visible only from certain regions of the Earth.

5 T GG S A BT ST O (SOt IR OIS T TG GIFad | (R b A 97 w6 =i
SR WIoT® SEA ARETHE (oI SREE $UF e I A T AR Rpfe aensw o @ 9w T
3 SFAY T @y AT SO JEe A AT

Consider a star located at fixed ecliptic latitude S,. The Moon moves in a circular orbit inclined by an
angle 7 with respect to the ecliptic. The line of nodes of the Moon’s orbit precesses uniformly with period
Tor-

& 9F SRR ETHAAR FARTE T 3, bW 4 JoTE IHOM RAE weq I, [F8 HimE FHART oA
CTRATRE ST (AT ¢ (I (A | BIAd FHARLL (AT (A oA (SFebete) &R T, 0 ST |

Let:

O m denote the Moon’s angular semi-diameter, (S48 @ &)
O p denote the Moon’s horizontal parallax, (S48 @il «17)

Assuming;:
m = arcsin & , p = arcsin @ ,
le le

0 d denote the geocentric angular separation between the Moon’s center and the star. (blns (F@ @
SR W QLS AT 7g)

(a) Using geometric reasoning, determine the maximum value of d for which an occultation of the star
by the Moon is possible for some observer on Earth. Your derivation should account for the effect
of parallax and must be expressed in terms of m and p. [2 points]
il Epiffess RTaba, SRS TRFS @B ARHEH qR THG* QA AEHEAT G -9 TS [
& 27 (o dfesime SR oy i o a=e S AN G2 m @ p @ N AFA F 79I |

(b) Assume that the Moon crosses the ecliptic longitude of the star. At that instant, its ecliptic latitude
B¢ varies over time due to nodal precession.
@ BV (I G SR ENAAAT BIIEE TN AT @1 (T TN BIHA (G (@2 S5 & BIwd
CTRIAR T ¢ “AfFafe 2o A |

b.> Using your result from part (a), determine the maximum allowed magnitude of ¢ for which
occultations of the star are still possible. [2 points]
(a)-CO 2Q TP AR FCH, IO O T TG S A HId AEH B¢ G W F© 2 J(A?

b.2 Then, assuming that the Moon’s latitude varies as
SR G SFieeed ~Afaaes =3
Be =isin A,
where )\ increases uniformly with time over a full cycle, determine the total range of A\ for
which occultations occur. [4 points]

@A \ T SiE EASIA @, [ e A ANsfere Afefes on; (1R owv@ @ SAfeEd \-«a9
G TR e 9 ol Ay e
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Rohini (Aldebaran, or a Tauri) is the brightest star that the Moon can occult. Rohini is located in the
constellation of Taurus, and its name translates as the “Reddish One.” This star holds particular importance
in Indian astronomy. Its frequent close approaches to the Moon influenced ancient astronomical traditions,
including the system of the 27 Nakshatras (lunar mansions), which were mythologically regarded as the
daughters of Daksha Brahma and consorts of the Moon. Among them, Rohini was considered the Moon’s
favorite, partly because occultations of Rohini occur relatively often.

@IfZal (Aldebaran, I o Tauri) 2o 7GR Tege 7%« I b = WB=IWS (occult) e 1t 1 @IfRA 39 (Taurus)
e w&fFge, @ae @ TIeE 9 “@fee @1 W3 THRAD oo (SifefieRtT [T ey 929 I 1 BImA M @F T4
T AMIO SRZA &b (eifotdeiae qRdekis deife Safes, A7 W Ao 27 196 F#qwesm* (Nakshatras 3
lunar mansions)-93 I3 1 (TN FER TPIE, QO A WOFT T4 932 Biwa g RO [awat w41 2zt |
qE WG @A Bivd fawes T 71 20!, @7 901 FEA B8 @ @IRAR SRR QEAETOE @ [0H |

(c) Aldebaran (a Tau) has ecliptic latitude 5. = —5.47°. The inclination of the Moon’s orbit is i = 5.15°,
and the nodal precession period is T}, = 18.6 years.
@fEAE AT T 3, = —5.47° | M FHART A § = 5.15°, €32 GO (@A TG AP
Tor = 18.6 T2

c.> Evaluate the critical ecliptic latitude condition numerically. [3 points]

GTFE DIwd ANEE 2N TN 6 FF?

¢.X Determine the total duration of the interval during which monthly occultations of Aldebaran

occur. [4 points]
Q@ TR @ISR W SR €06, (12 WA (b 9ife ey e

c.9 If such a cycle begins in February 2015, determine the month and year when it ends. [2
points]

I 92 FEFH 205¢ AEE (FFACe wF 2, @ @fs @ I ¢ =@ 17 2@ ©f [efy T

— begin your work from here —
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R. Olbers’s Paradox [14]

One evening, Sreaya was reading about a paradox from 1823, when Heinrich Olbers asked a simple question:
Why is the night sky dark? But Sreaya wondered, why should this even be a question? Curious, she

decided to explore it using some simple calculations. Let us find the source of this paradox.
OF RIE @ S0 AEE 9F @AM @ 2Bfed @ 22 GTR_ O3 A4S 7o & $orgiom FEe:  qreq
T (T FERIF? (FTgZA A @ et Fae- @t W aew [ @ =? v @3 @R O e @9 I

We define the angular area (solid angle) of an object in the sky as Q = A/r?, where A is the cross-sectional
area of the object and r is the distance to it.

N (@A I @A CFAFA () @S I Q = A/r? ROTR, @R A 2T € AF0RT CFaFe] Gk 7
2t «@fbw e

(a) Calculate the angular area of the Sun as seen from the Earth. [1 points]

SR @F (R TR @A cRaEe (Feeie) et e

We also define the surface brightness of an object as ¥ = f/€Q, where f is the flux received from it.

S (@I 3B BN Tegeret et L = f/Q REWE, @A f TE GR I8 (QF A8 FIF

(b) Calculate the flux received and the surface brightness of the Sun at Earth. [2 points]
3T elie T FIH 93R PR Tegere! [ Tt

Consider a static, infinite, eternal Euclidean universe uniformly filled with Sun-like stars. Each star
has radius R, = 7.0 x 108 m, luminosity L, = 3.83 x 10?2 W, and a constant stellar number density
n =2 x 108 Mpc—3.

g wefey fam, =i, fossa e eI S[efe weel e o1 afefs s wenE R, = 7.0 x 103 m, 7f
L, =3.83 x 10>6 W, @32 O 714 99g n = 2 x 10% Mpc =31

(¢) Consider a spherical shell of radius r and thickness Ar = 1 Mpc centred on Earth. Calculate the
number of stars in this shell at r = 1000 Mpc. [1 points]
HfRRIE @@ F@ r = 1000 Mpc I1E € Ar = 1 Mpc JF0ed G0 AR (It i 73 ey et

(d) Calculate the flux received at Earth from all stars in this shell, showing that it is independent of 7.
What would be the total flux received at Earth in an infinite universe? [3 points]
A2 (<ICETE T Ol (e RIS @Y FH [ IR 9 MAie @ ©f 97 TR e I A1 @36 e w2y
Hf2_ITe (6 &Y FIH Fo 2?7

(e) For what distance ro)p in Mpc (i.e. how many shells) would the sky be completely paved by stars?

Calculate the surface brightness of the sky if the size of the universe were rojp. [4 points]
R R ro1,-CS (TR Ff5 (oite) et 7=5)<f SR (67 AE? TRIRCIF ST 70y, 20 WFR “BR1 Teger!
IO A7

If the universe extends to r = ro,, the sky must be uniformly bright with a surface brightness equal
to that of a typical star. Obviously it is not; at least one assumption must be wrong. One possibility
is that the universe is not infinite in size.

The Hubble-Lemasitre law states that a galaxy at distance d recedes from us at speed v = Hyd,
where Hj is the Hubble constant. The Hubble radius dy marks the boundary beyond which the
recession speed exceeds the speed of light; this provides a good approximation for the size of the
observable universe.
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W T2 > rop, e g 27, ORE A ATOE Tega 2o The i @7 B Segerel e AR
SR N 26 THE | HEFOR O TX; ©IR WS GF6 AN I | G5 A A NI A A
JREA-CICOR @ 0 (@ d TAGA @I A1 SR F (F v = Hod @0 TR R AR, @A Hy 2
e 3T | QA IPNE dyy TE (R AN A AR 93 @9 Qe @ 2w Iw; @fs Ry safkess
S A6 STl S |

(f) Ignoring cosmological redshift, compute the average surface brightness of the sky for a universe of
size dp. [3 points]

TFEIfeF @NfFe-Tae Tl I, dy WFIEI TRRCIF & AFIR NG =B Segeret ey Feat

— begin your work from here —
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©. SIS O JCfer [19]

On a clear day, the astronomer Tonmay uses a telescope of focal ratio f/3, aperture 150 cm, and a CCD
plate of size (1.5 x 1.5) cm. Each pixel of the CCD is a square of side [ = 1 um. The focal length of the
telescope is therefore f = 450 cm.

a3 g e cenifefeeial om /3 i Seifeff* 2, 150 cm FEE 936 GRS @R (1.5 x 1.5) cm WHIET 9376
CCD (25 35929 363 | Pfifeq afsfs forrgm | = 1 pm I8 «afs 3+ftwa | Joar GRIFR @@ G f = 450 cm |

Assume that the angular separations involved are sufficiently small that right ascension differences may be
treated as linear angular separations.

qCa e @ TR (@ AF et WA (2, T R AL TP (S 72 R 1) <l A7 0

First, he observes a compact three-star system, MEDAL, whose components have the following equatorial
coordinates:
A, 1 MEDAL 91%F @36 AfHA8 foq-oRifafiE Iag «1i@wd 3, 9 Tonerd 2-[gg 3@ 2ms:

AEA »: Equatorial coordinates of the three stars in the MEDAL system.

Star  Right Ascension Declination

qqM ;= 18"56™35.40°  §; = 35°27'32.50”
W ay = 18"56™33.50° d, = 35°27'32.15"
T ag = 18"56™37.15° 3 = 35°27'33.30”

(a) On a plot of declination (0) versus right ascension («), represent the arrangement of the three stars
in the MEDAL system. At which coordinates should Tonmay point his telescope to best center the
system? [3 points]
e (6) 39 [FaReR (o) @3 Qe MEDAL 3937 foqfs SiRe w@gq 26 a1 12 30 Row
TSI R FA0o O OF GFTHe (@F (@R AT O F FE?

(b) Assuming that the region enclosed by the three stars is fully sampled on the CCD, determine angular
size of one pixel and hence the total number of pixels occupied by this region. [4 points]
gd e @ foqfs ol v/l wim @kt CCD-co el TYRe (sampled) T@R; I @36 #ses
T AT F© G2 I3 TR (6 Fo6 HHA 7 F4 of ey Fean

Later, using the same telescope and CCD, Tonmay observes a different field containing four stars at the
same distance of 30.1 pc from Earth. At the first epoch, the stars have the angular positions listed in
Table 2. Fifty years later, the same region is observed again by Tonmay’s grandchild, Sajid, in the same
fixed coordinate system, and only three distinct angular positions are detected, as listed in Table 3; one of
the stars is no longer resolved as a separate source.

FAICICS, GF2 GRITH qR PTG (26 927 F@ o S (*F 30.1 pe VAT SR(FS HRG OH-TH6Te G35 o
CFQ RETH 0| L ARATHAFICE, SRISTAR (@ FAIST A 2-4 WS BT | 216 7T AIH, TR s Afew
OF3 37 JAIT A OTS AT qF2 qLAD TR ALETFA I €32 G WG foafs o7 @l Fanes e I,
q AR ©-a @S ACR; FRMGI WG Ao O OF qEwl I el Far I =1
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JEN & Observed angular positions at the first epoch.

Star x (arcsec) y (arcsec)
A —0.50 +0.50
B +0.20 +0.50
C —0.492 —0.50
D +0.492 —0.50

R ©: Distinct observed angular positions at the second epoch.

Point z (arcsec) 1y (arcsec)
P1 —0.15 +0.85
P2 —0.15 +0.15
P3 0.00 —0.50

Assume that the four stars form two independent binary systems and that, apart from their orbital motion

within these binaries, the stars have no proper motion. The center of mass of each binary remains fixed

in the sky coordinate system. Assume further that all orbits are circular, that the configuration in the

first epoch corresponds to the maximum projected separation in both binaries, and that for each binary

the normal vector to the orbital plane is either parallel to the line of sight or parallel to the vertical axis

in the plane of the sky.

qF e (@ 5 o[l 1o FoF (SIUredl IRTR TS e U2 «3 (TORKRER FHoae aAfefify 7o vima @i ferx afs
(proper motion) (721 &fefl (NTRTER TAF® AT GPL FAICT B AT | WS 4 €S (A 7Pe| FH/2 JQIBIA,
YN HTFAPICE TS (SCGIZ! TS 2THT© (Ffld 7a0g STgH Fa0%, G2 2fefl (SeIZR (Fa FHARE SR
TR (939 A VB TG, TS AFHOETR Ty ST A |

(c¢) Using the first-epoch coordinates, determine the pairing of the four stars into the two binary systems.

[3 points]

ALY ~RETFIFICE AT I IR R OFICE (@1 730 (Sereil IZR Ol T I ©f ey Fea

(d) Using the 50-year time interval and the second-epoch coordinates, determine the possible orbital

periods of the two binary systems as functions of an integer parameter, or show that they cannot

be uniquely determined.

[4 points]

50 IREF AW IR G ORI EHAFIE BT A2 FCE Y26 (SO JRIR T8I Ao 436

AT FoER FIH RO [l IR, @@l e I @ Qo qFFed FhEd T 78I o

(e) Using the distance 30.1 pc and Kepler’s third law, determine the stellar masses M4, Mp, M¢, and

Mp in terms of the same integer parameter, or show that they cannot be uniquely determined. [5

points]

30.1 pc TG R (FIFEE QORI @ I92E I My, Mp, Mo, 9 Mp SHRISTAR ©F @38 e bea

TR AF I, TR AN FER @ AT GFFOE L7 T4 78I 7 |
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— begin your work from here —

Use Graph for P

roblem (a) & (c)
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8. The Lost Years Written in the Stars [30]

On 3 June 2019, all humans were suddenly petrified,
leaving the Earth devoid of civilization for thousands
Senku
Ishigami awakens and turns to the night sky to
rebuild knowledge; © G 055 ©ifftd, < I8 A
21 ARG e T @R IR T I2F 4@ ~RATS @A
TR FTerel AE A1 &R o e =7 #itd, o SR
(Tl ST e T A T Aved S e |
OIFR |

of years. Nearly three millennia Ilater,

He observes that the North Celestial Pole is no
longer in its original position due to Earth’s axial
precession. By measuring this shift, Senku aims to

Part (A): Understanding Precession [§]

determine how much time has passed; (7 =% 93 @
Geq ¥-(¥F (NCP) SR @I0R g0 @2, F99 5|
TR A TR | G2 FAPfe W NG GG &
TS T Gfowrs 2R ©f e F7ce B

The precession of Earth causes the North Celestial
Pole to move around the ecliptic pole with a period
of ~ 26,000 years. Proper motions of stars may be
neglected; *fR3F SRAGAER FR TS A-(F GRS
(TP DI L, I RSP AR Y000 RS | OIS
AN ST T QTS A |

Use underlined symbols in the following question to
mark in the Sky charts 1 & 2.

Before you step in to help Senku, you must have an idea of how the celestial pole drifts over time. In
Part (a), you will rediscover these concepts by working through a few subtasks; GG AR FACS ASAF
TN, SN A AR fFoiea A-RYICRE 0 IR GT T (O G5 (el Al 2T | 98 6L (a)-9, g S
THA-2THF MY 93 (RNt AR [aoe F96d 1

For this part, consider the given horizon-view sky map of a certain region of the sky close to the local
horizon from the epoch 2019, i.e. before the petrification; €3 ST &, 05 AT (Wﬁ& AT 77 28R
el) FAR erss IR e a3t i S ave zqeed-foe w2 el et st

Map 1 [Work Here]

Assume that the curvature of the celestial sphere is negligible in the image, so there are no distortions in

the presented map; & TS, BRCS -CAETFA Il S 1 AX, ©I2 gme SRIMDE &Il [KPpfs 7121
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(a) Locate the position of the star Thuban (o Dra) in the MAP 1;
MAP 1-9 Ol 37 (o Dra)-93 SREgH Hw 611 [1 points]

(b) Knowing that the North Celestial Pole in the past had practically the same position as Thuban,
whose declination is d7 = 64°16.5' and knowing the obliquity of the ecliptic € = 23°27, find the
position of the North Ecliptic Pole (NEP) in MAP 1; &l ©Itg (@ reite T&d 4-(F 2Rl FST-A7 G353
oI foe, A9 [RE® or = 64°16.5' 1 CIFeE™ qf© ¢ = 23°27 A, Tex ENaeaw Fd (NEP) @@gH
MAP 1-@ fefd s [2.5 points]

(¢) In 5400 years, which star will be closest to the North Celestial Pole? Calculate the angular separation
between these points; this will correspond to the angular error of the pole after 5400 years. Given

the angular velocity of the vernal point relative to the stars we = 50.2 arcsec/year; ¢8oo I8 I(d,
I o Ted -G A [ AE? 9 12 [ Wy @9s gag At 3@ aft ¢8oo Iv3 oftd (R
o @foa T 2@ 1 eme: AFFaImTE TR AT {39 R @9 @ we = 50.2 arcsec/year 1[2 points]

(d) Knowing that the right ascension of Thuban is ar = 14"5™ and that the right ascension of the Sun
at the time of the MAP 1 is ag = 4h32.8™  calculate the time at which the image was taken, i.e.
the local apparent solar time; Sl ®I(® @ FI-9F [ ap = 14"5™ @R MAP-1 97 @ 7\[03/?[ gt
ap = 4"32.8™, o =R cofEE T [ T, wdie AR wiHte efe W Ay wE [2.5 points]

Part (B): Rediscovering the date and year [22]
USE MAP 2 FOR THIS

The sky map made by Senku on the night he woke up is shown below. The latitude of the observing site
is 45° N as estimated from the sky map; GNF @ TS @ TWeE G2 Aced tofF Fa1 w2 Wiofs 5 @
TR | OEIE (ATF S [ TR @ NEw B orwiet 45° N o

(e) Since Senku cannot rely on the celestial equator of epoch 2019, he attempts to trace the unchanged
ecliptic on the sky, on which the equinoxes have shifted from their original positions. Now: (i) Draw
the ecliptic with x- - -x line, and (ii) State in which constellation the new autumnal equinox (Q)
resides (in 2019, it was in Virgo); 2055 A -RII@A @4 o7 FTSq@1o 797, O S A weifsafes
U] ENRSA R B8 F@ 1 99 (i) x- - -x @RidE W ehaes o& I, 9k (i) Teq =R {57 (Q)
(I SRS WA FA02 ©f [ Tt (056 A @t w1 AfICe 2w ) | [3 points]

By observing that the autumnal equinox is visible at midnight, Senku infers that the Sun must lie in the
opposite direction, i.e. near the vernal equinox. He now aims to determine the Local Sidereal Time, which
can be obtained from the hour angle of the equinox. However, since the celestial equator is no longer
reliable, he adopts an alternative approach; *IRa ISESIRE R (6 LREICEACA D Vﬁ/ﬁ% i e, adie IPTe
@7 e 1 @3 g B e e fAdy Faee s

(f) Estimate the altitude (a) and azimuth (Az) of both the new and old (2019) autumnal equinox (Q),
and record the values in the table below; T 8 *TATA (055) *FAR [GEF (Q) Tafsrid (altitude) ©
fasieecptel (azimuth) M s o= sRfics e [4 points]

Altitude (aq) Azimuth (Azq)

Old equinox

New equinox
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(g) Using these values, determine the hour angle (He) of the vernal equinox (), i.e. the Local Sidereal
Time at the moment the sky map was taken; Sotad NS JIQF FC IPTS A () TWRCFd Hep
A 01, QiR R T2req FA ARG AN [ IRV | [6 points]

(h) Senku attempts the key calculation: “If I can measure the pole shift, I can measure the years I have
lost.” Determine the approximate year in which Senku awakened; GT7F @36 @ oo I < ‘wzPq
e e, @ TNE e Face A7 (7 @ SREES IR @l e of e e [6 points]

(i) Using the local sidereal time, estimate the present date, assuming the observation was made at local
midnight. If needed, take ¢ = 45° N; ZA IHGF I I F@ Iouq woifvd {7y T, I @t =
TS B TGRS T AR | AWE ) = 45° N 4Gl [3 points]

Map 2: Sky map corresponding to the night Senku woke up [Work Here]



	Occultations এবং রোহিণীচক্র [17]
	Olbers's Paradox [14]
	তন্ময়ের তারার ইমেজিং [19]
	The Lost Years Written in the Stars [30]

