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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.

T (AT A B FAFCE0F SO |

e The mark distribution is shown in the [ ] at the right corner for every question.
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e The exam duration is 2 hour.

AT AN R TOT |

N ()
9 (In English) :

@ift (2038 ) : SINEGICK
AfSDI (Institution) :
gel€d (dd/mm/yy) :




BDOAA

)

National Round (Junior) — BDOAA 2024

Page 2 of Q

Constants and Formulae

Mass of the Sun

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

Stefan’s constant
Boltzmann constant

Angle conversion

Formulae for Problem 3:

1 rad
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& X &
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e &

1%

1.989 x 10*° kg

5.972 x 10* kg
1.7374 x 10%m

6.371 x 10m

6.955 x 108 m

6.991 x 10" m

2.99 x 108 m

1.496 x 10" m

3.826 x 100 W

6.674 x 10~ Nm?kg 2
3.986 x 106 m

5.670 x 1078 Wm?K—*

1.38 x 1072 J/K
180°

T
60’
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Am = 2.510g10 ( fStaT )

fplanet

Am = 25 loglo CR
fstar

fplanet
L
4mr?

CR =

Here, m is the apparent magnitude, M is the absolute magnitude, L is the luminosity, d is the distance in
parsecs, and F is flux. The contrast ration (CR) is defined as the ratio of fluxes from the star to that from
the planet. In the equations, My and Lg represent Sun’s absolute magnitude and luminosity respectively.
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1 Around a Lot of Places in 80 Days [11.5]

Adnan, while reading a Jules Verne novel peacefully sitting at his balcony overlooking the river Rhine on a
lovely autumn afternoon, suddenly gets the idea (why?!!) to test whether it would be possible to travel around
the Earth, along the equator, in 80 days on a sailboat. But before he can begin his voyage, he calls you up to
help him with some calculations.

qF ((ETg ¥ @F RISE, el Oita I3 TS, AR 201 (L ZE SR T (AT G AT SRS
50T T FRRE <A @ifd e goa et e A iR @B T w1 T, (SN AR dwie I@e e

iR {oatee

(a) A nautical mile is the length extended by 1' (one arcminute) on the surface of the Earth, and 1 knot =

1 nautical mil
%. At what speed (in knots) do you need to travel around the world in 80 days? [1.5]

T B MIA (Nautical Mile) 20 FRAT @@ ' (9F AFREE) @It SRA=D @ W toft I 1 @2 1

knot = Mw}icjrlmnknot GFTF TS @I 5 S HRIT SRAT bo e I SPTCS ARE?
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(b) Let us define similar units of a planet n times the size of Earth. Does the result in (a) change for this

planet? Explain your answer. [2]
Rl F @6 ATE, A RS G n @7 T, G GFF NGNS I | 9 @A F (a) @ Al A
A o 27 G 91

But he is worried whether he is going too fast and might escape the Earth and fly off into space. Now it's

your job to tell him whether or not his fears are valid.
8 @ wo [ IR AR (AT @ @ T2y 26 AR e @ft e ¢ ffes 1 «im o sw o e

I FIFe @Cz fF ©F 74

For this part, let us shift our focus to energy conservation. We know, for a system that is under the influence

of gravity only, the mechanical energy of the system is conserved. Mathematically,
A SO G SR A WS e e e 1 el |, (S G0 I8 @51 vy NGrReEeE Aol AAACE,
A e (6 Afgs e Feafrs a1 afafsser,

Einitial = Efinal
Uinitial + Kinitial = Ufinal + Kfinal

Here U denotes gravitational potential energy and K denotes kinetic energy, and are given by:

@A U T [fed ¥fe @2 K fonfe, 93 ame e S oo 54 23

_ GMm muv?
(R+h) 2

Here, R is the radius of the Earth and h is distance between surface and the object. Escape velocity from a
body is defined as the initial velocity required such that the final energy, Et;nqa = 0 when it is very far away.
T, R 20 SfRIAF 1€ @3 b 20 I8 (QF AffR[07 Ee | ISR 2E @ @l 5l 8% FACE AfRSA 20 6w
‘{@a@ﬁ?{mﬁ‘ﬁ%“fﬂmEﬁml =01

(c) Find the expression for the escape velocity of an object when it is launched from the Earth's surface
(h =0). [2]
AR @F [TFe @ @3 377 T Ife@es qfmE fdw s (h = 0)
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(d) From the equation you found in part (c), find the radius of the planet from which he will fly off if he
is travelling around that planet in 80 days. Let the planet have a similar mass to Earth. [2]
418 AT 200 GIF GF6 &T2d JPNE (@ F9 AT bro T IS BIREA @1 +p (A =B A 1 a2fod o7
SR ST AN |

Assured by your result, Adnan continues with his voyage. But soon he gets bored of the slow journey and
slow life, and now feels like flying off the planet isn't such a bad idea after all.

COTR TP P8 R A O Al @ e 1 f6g AgE o7 o A7 I« @ e Qe G o] el &
T, G2 OIS GF F79 2 426 (A TG ISR (@6 Y7 GF6! T T |

(If you couldn't find an expression in B1, use the relationship vese = v/2 - Vorbital,i to answer the following
section.)

(@ =& B (& @ el e a1 A1, or=ee a2 AT I8 I AT &0 TG S, Vo = V2 Vorbital, 2 )

(e) He flies off the Earth at just the escape speed. At this speed, can he circle the sun's surface in 80 days?
What about Jupiter? [2.5]
g o1 5 =fide Ife @t i i QR o @ oifete @ [ R vo fid 3@ anTte AR?

TR *BF ARE?

(f) He doesn't want to be limited by celestial objects either, so now wants to circle the solar system in 80
days. Is it physically possible? The radius of the solar system is estimated to be 2 x 10°AU. [1.5]
GT @3 &2 (T CTAGAITE MR O Fa0= 1 7@ CTRSR bo Ui awfwe Fa & 8?7 EiaeeTss
FPTE 2 x 10°AU
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2 Photograph [5.5]

A solar day is defined as the time between two successive transits of the Sun over the same meridian. Length
of a (mean) solar day is 24 hours. A sidereal day is defined as the time difference between two successive
transits of a star over the same meridian. Length of a sidereal day is 23 hours and 56 minutes. Suppose you
live in an area where light pollution is too high. You are a photographer and you want to take a photo of a
star when it is at the zenith. But because of light pollution your photo quality is very poor. Everyday only at
9:32 pm, there happens a load-shedding in your area for a couple of minutes. You decided to take the photo
at the time of power cut. You noticed that the star was at zenith at 8 pm at one night.

I AR R I G VLR AT NG| A G @ =1 99 (51T) W 24 ¥ 1 GI(6 ORI A7 R A9
G2 YL TS TS| FANTCF AFq e Io7 271 @F (A 23 91 56 N6 1| T 9, SN @ 46 @ m
AT (AT ACETPLIT TE (@ 1 N GTe TP g3 G G0 OHIF 21 $e1ee bie 397 aff e w=g=
IR | [T AR FIAC (SR =R [ {72 Q1711 aif sl eqmi@ 9:32 pm @ (SN GAPR FES W06 &
frefaars 281 N @ e =R g ac 55 Faet | O @ S (e, OIRib @i spm @ e 2
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(a) How many days do you have to wait to take the perfect photo? [1.5]
e 2 TS (OINIE FoMe T FACO AJ?

(b) As the sidereal day is shorter than the solar day, the beginning of sidereal day will move around the
clock during the course of year. Calculate the number of days passed before the solar day and sidereal
day are in phase again. [1.5]
@y TwE o e oed 6w @5, Trva e e A %9 e UF2 TN 2 911 ENAvE @3 g
I SIS FOMe St GFE WA AP ©f ({9 9 |

(c) Now you want to take 2 photos of sunset from 2 different place A and B separated by a distance of
320 km on one single day. A is situated 320 km east of B along the equator. To do it, first you will
capture sunset from A. Then travel very fast to reach B before the sunset is visible from B. Calculate
the minimum speed you need to travel to capture two successful photographs. [2.5]
937 g 36 for wREl A 992 B (AP R e FieEe ff =9 weTce Bl 1 A @9 B @9 g 320 km. Ry
JAEE A B 99 (5T 320 km #td O@E® | BN <At A B (AP TS =R A | SHAAT YT WS &N T B
B0 AT GIAIC I il REAF |eoiR | i 4w @ aifste awel e 6 =R geice #F, ©f &= 41
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3 A Glimpse of the Gliese Planet 9]

Scientists found a planet like Earth near the star Gliese 667 C. They wonder if we can see it using telescopes.
But it's hard because the planet is so dim compared to the bright star. Data about the star and the planet are
summarised below:

RGN Gliese 667 C AE TH@R IR AR N0l U6 &2 YR COACRA | S S[CRA @ ST GRTcs I3
@ @t TS YR T 5 O o I @3B cieie Soge TR@E QAT 3798 i1 (1R TRE @R 47 AES
o2y fomast:
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Gliese 667 C (star) Gliese 667 Cc (planet)
Distance 7.24 pc | Orbital period | 28.16 days
Mass 0.31Mg | Mass (min) | ~ 3.71Mg
Radius 0.42R5 | Radius (min) | ~ 1.54Rg
Apparent magnitude | 10.25

Check the Constants and Formulae page for the necessary formulae for this problem.

YTAIGHI @G & Constants and Formulae B (3 |

(a) Calculate the distance between the star and the panet assuming a circular orbit. From keplers law we
know that for a planet revolving around a star:
T JOFIF G0 THG G2 ARF NI g (W7 91 (@109 QO 3@ (A0S AT @i, (@I Tweas

BT gefiee ated e
A
GM
Where T is the orbital period or the planet, M is the mass of the star and a is the orbital radius of the
planet [1.5]

@A T T& Q2F 2N, M T TH@EF O G2 g T A2 FHLT I

(b) Find the maximum angular separation between the star and the planet. Give your answer in arcseconds
(3600 arcseconds = 1°). [1]
THG qR AR VIR TE @FIAF I @ FCH1 | TEF ARCRCS &F I (3600 TIETFS = 1°) |

(c) Luminosity is the rate at which a star, or any other body, radiates its energy. SI unit for luminosity is
Watt. Determine the luminosity of the star. The absolute magnitude of sun is Mg = 4.83 [1.5]
@ Q0 A T, O (T T, *Mfe [ fFae e ©iF Ol AfQ 1 a9 S| 95 N Watt., THaGe Al (7
FEI (in Watt) 1 384 79 &g M, = 4.83

(d) Flux is defined as the total flow of light energy perpendicularly crossing a unit area per unit of time.
Calculate the flux received on Earth (in Wm™?2) from the star. [1]
FIE 20 (I (FATC O & 2AA TF | Ta (AF RS Al FF (Wm 2 9F76F) @ I |

(e) Now Calculate the flux received on Earth (in Wm™2) from the planet. Assume the planet reflects half
of the incident light. [2.5]
Q4 g2 @A RS dig FFE (Wm? IF@) @@ I & A8, A42f6 7 ¢9d reifos @i sds
ef e 1
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(f) Use previous answer to work out the contrast ratio CR and thus the apparent magnitude of the planet.
[1.5]
SRSl Ted (I B (NP WA CR G2 QTSI A2 WS ogety (9 T |

The resolving power of a diffraction limited telescope is given by
O35 GoATS RS (diffraction limited) GETTHITT RTeae e 2heq I GOIER-

A

Ormin = 1.225
where ) is the wavelength being observed at, D is the diameter of the telescope aperture, and 6,,;, is the
smallest angular separation (in radians) the telescope can distinguish.
QA )\ *RIEHIPS ORI, D (BRTCHICAR SHHATRBICER H, QIR 6,5, 2N GRTCH AL FACO A @ Faow
@I R (RFST) |
The Hubble Space Telescope (HST) has a diameter of 2.4 m and its faintest detectable magnitude is 31.
A 7 GRS (HST) @3 I 2.4 m @32 @fb 711 A 0 TG ST (I I8 G F4! 78K |

(g) Verify if the HST (which is diffraction limited since it’s in space) would be sensitive enough to image
the planet in the visible. Also verify if it is able to resolve the planet from its host star (take A\ = 550
nm). [1.5]
512 FET @ HST (I TR0 AT PR o Hifro) i aizfba =k (ol ey e &1 1 @i AmiE
A A2 Wy O (AT AW I Al 78R [F41 (KT A = 550 nm) |
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4 Moon Phase! [3.5]

Luna, the Earth's only moon, follows some phases, from the new moon to the full moon. If we plot phases
vs their dates, scaled from 0 to 1 (the higher the phase the higher we get light from the moon), we get a
sinusoidal light curve. A sinusoidal curve is one like the curve of the trigonometric ratio sine. Such a light
curve of the moon phase is given below.

[, 2fAdE 9@ b, S QT s AR oy A W ey T AW e el woe st
RIS &t 0 (AT 1 *1FF (T 26 I (A7 TS @M 27 N1 51 (A A (oIS Af), S 96 ARSI
AR I 218 | ARAPTRECE I3 27 [Qrieiffed Sqaiie ARa IT@F qCol | 5@ AEE 99 GI(0 SAAF
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Dates
(a) From the light curve, determine the full moon date in October. [0.5]

2B (AT WERT NER 2w eifad o 371

(b) As you have already found the full moon date (a) and enjoyed it, you are planning a moon night party
with your friends on the next full moon night. For this, you have to find the period of the moon, which
is the number of days after it gets back to its initial position. Find the period of the moon from the
phase curve, and predict the next full moon date, in November. [2]
AR P TCOMR (a) (O SfffF o @@ IER 9k @b ST FeAE, RIS AR ACS (ST IFWA
A @B v e «AfSa Afag T T, (SINIE Sird AE 0T @9 FACS Q, @ TN 5V (GBI

e SgA (ACF 27 (12 ST 0 AT | A IFERAT (AF S R sieel e qeoned o
wifael® o @@ T4

(c) The actual period of the moon is 29.5 days. Calculate the error percentage in your answer using your
answer in b. [1]

BIH &S TP 29.5 W 1 (b) @ 2 (SINH Ted IR FCH oFd Ff6 ({9 39 |
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5 Sky Observation 8]

Radh wants to learn stargazing and to observe the night sky. He has a sky map. But since he is very bad
at observation, he can't figure out anything from the map. Can you help him solve the map and explore the
night sky? In the sky map, the near-rectangular tiled grid represents the horizontal coordinate system, i.e
Altitude (a) and Azimuth (A). Instead of constellation outlines, the constellation boundaries have been drawn
on the map. The measurement of every square grid is 10° horizontally and vertically.

I O @A RIS B IR ACOF W (MATS B | O Iz G0 oFIg @itz | 8 @Ry G SF MAR 332
991G, (7 o SiRifbras 732 JCe A 911 ol i ot oRifval T F90e g WFH @ATS FARR IS
AE? ORIDE AN-ATOFE =F T Mosfefes 3T 73!, O TS (0) € WMo (A) e 5@ 1 sRifbates
THRANGAPTICRA TS O ST (i3 ol =icg | 2l 3 = e 8 Taw A'd wAfwet 100

(a) Estimate the latitude () of the observer. [1]
AHTHRA BT THIA () ey T

(b) Three of the constellation boundaries (labelled as A, B, and C) are marked with thick lines. Draw the
constellations within these boundaries and write their names. [3]
foafs TFamadia N (A, B, 8 C fBfF®) 25 wita A 02 | ANTEENT WG TFANGANGTE GeFe FF 32
oImd T o1

(c) On the map, a famous asterism is visible. The asterism is best observed during the summer. Mark it on
the map and write its name. [1]
SRt 936 Foifalde Twaes (4 qAoR 1 98 THETEID A AR SN R 27 | oRifibEs T2 @b
ERTECRUEACEE DRCEY

(d) Measure the altitude and azimuth (a, A) of the circled stars (labelled as D, E, and F). [3]
FeFIE fofFe (D, E, 8 F) SRITER Tafe @ foie (a, A) #Afawst 741
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