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Instructions for the Candidate - AT Ty HoA=:

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 eives w2 Tewa @ AT efe @ wwesd | I e /eafaemE srife aeey
YT M 8 18 [ A Ao |

e Be sure to calculate the final answer in the appropriate units asked in the question.

TS TER o SR T GFE SR |

e Non-programmable scientific calculators are allowed.

T (AT ACBIES FEHE0F QAR |

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

offefB otem (Ita | | IHANCS XA IB9 O @R |

e The exam duration is 2 hour.
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Constants and Formulas

Mass of the Sun Mg 1.989 x 103 kg

Mass of the Earth Mg ~ 5.972 x 10* kg

Radius of the Moon R¢ ~ 1.7374 x 10°m

Radius of the Earth Rg ~ 6.371 x 10°m

Radius of the Sun Ro ~  6.955 x 108 m

Speed of light c ~ 299 x 108m
Astronomical Unit(AU) ag ~ 1.496 x 10" m
Distance of Earth to Moon ag ~ 3.78 x10°m

Solar Luminosity Lo ~ 3.826 x 10 W
Moon’s apparent magnitude me = —12.7

Gravitational Constant G ~ 6.674 x 1071 Nm?kg—2
1 parsec 1pe = 3.986 x 10°m
Stefan’s constant o = 5.670 x 1078 Wm?K*
Boltzmann constant kp ~ 1.38x 1072 J/K
Pogson’s law my—me = —25 log%

Spherical law of cosine cosc = cosacosb+ sinasinbcosC

Idea 1: N RS M FABE =141 2,

N

n1+n2+n3+...—|—n]\/:2m
=1

QA 4 = 1’ T/ @ A AL 2 (@0 A QF @ I GF 20 A ATHE > 932 N OF AWM A8 |
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>. Despawning the moonlight!

Bayezid has come up with an evil plan to set up a giant lens at an appropriate place between the Earth
and the Moon to reduce the flux of light falling on all points on the Earth. He placed the lens 326400 km
from Earth’s center which is Earth-Moon L point.

Freafee s AR 1wl Jfa @ @ @1 v @3 sjfed W @G @G @™ 9 @@ @1 Affidice witifos st e
I fTe =@ 1 &7 A2 2 0vboo B vra fRA-viTr s wate Keqre @IS grom w9

(a) What type of lens should be used for this purpose?
G FIGH G & Q@A @191 927 I Sfbe?

(b) What should be the minimum diameter of this lens?
G (IO ITE T T S A7

(c) Assuming that he wants to reduce the magnitude of the Moon by 2™, what should be the focal
length of this lens?
T Jfem diord Sogey X MR Jfa FAC0 B O G2 I (FIFE G FO A7
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. Moon Again

The series of photographs of the Earth below were taken by a spacecraft moving in a circular orbit around
the Moon. It is known that the time interval between adjacent images is 8 seconds. We can assume that
the mass of the Moon is 81 times less than the mass of the Earth, and its diameter is 4 times less than
the diameter of the Earth.: (6 (@ @< &R (73T Aol ©izd +fAQ9, A @ GF TSR (AF (S TRR A
JETE FHA DME ARG FACR | ATT0 2R b CTFS #A47 (OleT TR | SR 47 fee #iifa siwra =fada o=a vy
S qFel @R JPTE 8 O Il |

(a) What is the circulation period of the spacecraft? TFHRITH SRSAI FS?

(b) Estimate at what altitude above the surface of the Moon the spacecraft flew. Ba P (AF TRAFHACTI
THOR WS FAR |
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In this question, we’ll try to understand the chemical
composition of stars. But before that, we need to
introduce some notations. For ideal gases we know,
SRR IR 210 JATS (BB T TN 3 LTI T |
BT FACS TNWR Fg T (A (311 FA9CF | ST e,
v TR BIOCE & T A,

- ($0)r

i=1

We can write this equivalently in terms of the mass
fraction and mass. If we let A;mpyg be the mass
per particle of species i (where mass of proton
mpg =m, = 1.67 x 10724) and X; be the fraction of
the mass at a given point that comes from species 4,
then, as before, we have

QBICF S TF-OI WIS AP Fa0o #{1fF | @i «f7,
A; TR § AR T WO AfE A | ©RE (1R G
TER AT ©F A;mpy @AE myg = my = 1.67 x 10-%
= (BT o9 1 4f9, X; 2% @1 [ivE TN @ o9 e
ANGTN AT (@A G (ATF | O,

X;
n, =
Y Ampy

p; p = mass density of mixture

Now, we can express pressure as: odIR @« BIFE

(14T AN,
N X;
(E z)

. pkBT
= p—

P

For our simplification we define: S=imws Jfamd ==
IS I,

Where we call g as Mean Molecular Mass in
Remember that, if
an Astronomer uses Mean Molecular Mass then the

terms of mass of hydrogen.

units of molecular mass is in amu (m,). We define
amu as atomic mass of Carbon-12, m(2C) = 12
amu. Now the pressure of ion as ideal gas,

@Ay (F SNE I e WdkT oF (YECGSER ©F
GF(F) | (A AE, I emie@eEr @ eegs o0 1%
@9F ©F (Mean Molecular Weight) J929 I SRl
qofF O GFE amu (m,,) GIR IET ©F IR FACH,
amu (F ATV ALERITS F AR (T FILF-5 WREAB-
o o m(12C) = 12 amu T | SR ANTE S T
SRS I,

pkpT
M

P =nikT =

When we measure pressure for ions we write uj.
Similarly, if we had to calculate the pressure for
electrons more calculation is needed. We suppose
now electron acts as ideal gas P, = n.kpT where
ne is the electron number density. To calculate ne
we need to know what is the ionization condition
We have 2 conditions, if the
matter inside the star is cold enough then there

of stellar interiors.

will be no ionized particle, so no free electron is
found consequently n. and P, both are zero. But
we know inside a star the temperature of star makes
every particle ionized. Here a species ‘i’ can have Z;
electron charges which will create enough pressure.
Then the number density—

M oI By AT G BI7 Wi O 717 0y 1 @8 ©iF
N A BCESGEIR G BIP ([IF FACS A IR R
e T AN 4 AAre® (@ FEHG (Charge) fers
qQrf AT T© AR FE, P = nkpl 1 949 n, TR
FETRGCT R T I ([FF FACS AN Al SN I
TR T AT TGB! (N | 93 Y28 Wt B
TqIFIA U OIS oA, N G smidetE qreid det 7@
@ 9368 9 RIS 2 T2 SI2E ERIE &Il p-3Eae
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G AR T G 1, 4R P, To@ 1 8 @l @i Similarly: 9F891A,

THEA feor @ wneiw SfE =W o W P wRfTe Fw . =
T | ©47 GF5 G 7 (TF Z; TEFET (Charge) “teat —ZEXif
I AN BT I A1 | O QL ARG LB g fe 5 '

So pressure of electrons (ORI BCTRHEAR BI7)

,OkBT
MH e

z.
ne:ZZmi:LZXij P, = nkpT =
i H i 7

m

(a) Express the total pressure in terms of Mean Molecular Weight. 2]
e T (G BIACE G AARE L AR aF™ T

(b) What is the piorq for fully ionized ideal gas? 2]
ol WS SRR S WO G 0107 FO7

In Astronomy the mass fraction has been categorized into 3 types: (EHfORGIH U2 T AT TAF o7 SR
(Mass fraction) &% I @RI o 40T O BAINS FHe@IR© Tl A=

0 X QG OF ol = (6 YIS 9F / (6 0T ©F,

0 Y R oq sl = (5 R ©q / (6 0eR o,

0 Z 4Igd ©F S = (N6 4Igd ©F / (W6 W™ ©F
In astronomical context we call anything other than hydrogen or helium metals. Here the chemists and
astronomers will have a heated argument! It is clear that X +Y 4+ Z = 1. For the Sun, X = 0.707, Y =
0.274, and Z =1—- X — Y = 0.019. For neutral gas Z = 0.
cfeiie o 2Rgtem ¥ REmm =er e (et 4hg 3T 2ims @nifsieame A TNRmal Heet 6!
[RAR, X +Y +Z =1 TR aB: X =0.707, Y =0274, 4R Z =1 - X — Y = 0.0191 f¥aw =i
(neutral gas) @9 CF@ Z =01

0 For Hydrogen (2CGITSHAF &),

Xi(Z;+1
Z; =1, Ai:1:M:2Xi
Ai
0 For Helium (R &),
Yi(Z;+1 3
zZ;, =2, Ai:4:>l(.,zli ) :Zyi
O For Metals we can assume the number protons and neutrons are the same (4¢3 & Metallicityﬂ e
ST AR (25T 32 FTEFETR e 953,
Zi(Z;+1)  Z;
7= % x= ) BEED A
metals metals
(c) In fully ionized ion particles what is p; inside sun? (3]

T et TS SRS SR A O G WA 1 FO?

(d) Express pe in terms of X inside stellar interior. Here the contribution due to metals are negligible.
S ASTSCIT T pue (F ¥Y X AF AN &P F 1 QAT Qg O (8 TS B | 3]

*YgR (e St Z «F AN | GNEd & Aolfqs e 2, wferea cwer =l
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8. 780 fata *rfcaeat

Adnan, an astrophotographer has been taking astronomical images of several objects over the past 780
days with each observation session separated by 20 days. SWelq QI SHEGFHBIAFR @ TS o e <3 efs
Yo e =@ i f&fen ceuifetsa = g ez |

During these sessions, he has meticulously kept track of the positions of two planets relative to the Sun
(®); these records are shown in Table where Observation period is in days. Unfortunately, he has lost the
accompanying notes and now cannot determine which planet corresponds to the planet in his observation
log. afefs G, T 37 T 7RI T (O) Meoes R G atza SFR (T (@R A Gt @A 2wz 68 o
T A @5 AE @FE0R @49 G T W@ @ q9 (S AR S

Planet 1 Planet 2 Planet 1 Planet 2

RA—-RA; RA- RAg RA—-RAy; RA- RAg
Days A A Days 3 A

0 -1.35389 1.52806 400 -2.65472 -8.11694

20 -0.95917 1.15556 420 -3.00139 -9.2925

40 -0.57028 0.82472 440 -2.94778 -10.7317
60 -0.23056 0.53278 460 -2.78056 -12.40722
80 0.00753 0.25861 480 -2.62861 -14.06644
100 0.39139 -0.02417 500 -2.50944 -15.49467
120 0.7375 -0.32167 520 -2.36944 -16.67611
140 1.15194 -0.67444 540 -2.13028 -17.64889
160 1.55694 -1.05694 560 -1.75861 -18.42644
180 1.87583 -1.43944 580 -1.31 -19.01389
200 2.0975 -1.79556 600 -0.87722 -19.42944
220 2.27639 -2.12194 620 -0.5075 -19.70922
240 2.4775 -2.44222 640 -0.18917 -19.90856
260 2.74194 -2.79361 660 0.11917 -20.09754
280 3.05333 -3.22 680 0.45667 -20.34467
300 3.29028 -3.76 700 0.825 -20.68967
320 3.21556 -4.43694 720 1.16889 -21.11689

340 2.50194 -5.24556 740 1.43722 -21.565
360 0.76944 -6.14472 760 1.645 -21.97611
380 -1.43 -7.09917 780 1.85194 -22.32811

(a) A fellow astronomer, Adiba suggests the use of a Dobsonian as she used this type of telescope in
IOAA 2023. Explain why this is bad advice in astrophotography, and suggest an alternative type of
telescope that would be suitable for astrophotography. 2]
qEFeH TeFE (eifel, Sl e Wte @ W2 ARAETHER O (ST GRIEY I T @S AR
FIRA 31 2023 AT IOAA eifscairern «ft <= Fealee | Gt (4 WEGPEGIET ) AR TAWH G2 A
LR (BRTCHI?l T wiale T Tt Tew 2 |

(b) Oyon claims that RA — RAg, in hours, measures how many hours the planet can be seen after
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sunset. Is this true? (3]
R @ RA — RAg (& 901 (h) 990 2™ 1 AR @R @61 ey sfcea 7 Fo w91 e a7 R e
SIFICA (Al AR O WA AR | 46T fF 7eg?

In astronomy, synodic period is time interval when 3 astronomical body (i.e Sun, Planet, and Earth)
aligns in their orbit. Hence or otherwise, derive a formula for the synodic period of a (superior or
inferior) planet relative to Earth. [4]
cenifefdetc A2t @< 3 Meeiee qft o o8 a=E e aFie T aeweg R B aieEnes TgeE
AT TR YOI 1| A (WS A IMReY) AR &y A MeeAes Yfostat Fefeaa @ afermay w1

For each planet, plot RA — RAs over time. Hence or otherwise, estimate the synodic period for
each planet. Also, find the observation period(s) when each planet reaches greatest elongation(s),
KSEPnaz- [3+3]
afofs atea &= T ATHTF RA — RA @3 A% 9% | QT ARG (77 9 349 a2 b &M @19l (elongation)
FAE® £ SE Py 2R

Which planets in our solar system are likely to correspond to Planet 1 and Planet 27 Justify your
answer. [2]

R ETRGeTed @ & &2 @ Planet 1 @3% Planet 2 209 AR | (SR & M4is |
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Try to plot the solution of question (d) here

PLANET 1

PLANET 2
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€. Butch Cat is Lost Again

Butch cat is lost in a desert and wants to find his way back to the city. He communicated with the local
rescue team head, Tom & Jerry and they tracked his current GPS location, but due to the lack of rescue
helicopters, they cannot send a rescue team before 14th of April. However, Butch has to be at the same
place where his now when the rescue team arrives. Since he doesn’t have any GPS device or a watch,
only the sky observation can help him in this situation.

T G TFCe FRE (2 Q4T (7 #1120 (FFS Q@ACS S| (7 (@I O @IFC W 24 5% ¢ (@fw1 A @it
FEACZ A2 S K IeTW IIZ G0 AR @8 AR | [F8 @FTFHiaa Fwfed T ot 383 «feitea @it
QT Wl SMIITS ARTE 1 50 TR o O TS GBI AP 79K | (R O IR (I et feeizs
3 9T (12 ATORZR ©Y AP AT SIF ARG FACS I |

This is the sky map at local solar midnight on the observation date. The crosshair (@) on the sky map
indicates the Zenith. The inclined line represents the ecliptic and the vertical line going through the
zenith represents the local meridian. The near-rectangular tiled grid on the sky is that of the equatorial
coordinate system (a and 9).

«B1 @361 SRIfbE A AR 5 TGRS WA e I 1 @b (@) (T2 SR e e w1 A @2ife
CTRIY g3 ETel @IS [ Y M coite ©f 20k (12 SZIET Nl | &R SQusie & W60 -R[FIR FAeF 97!
(o @32 §) Teas S

3
i c

c o

g g = .5 =

d A
Only answer question-(a) on the map.
¥y (a) U9 TGF SRAIME@ G @S|
(a) Draw the outlines of the two zodiac constellations that are visible in the sky map. 2]

v3f5 afmes @ oot @ AR SImE AFE qFS |
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(b) Name the circled stars and estimate their equatorial coordinates (a, ¢). [4.5]

FerE Bfee el A9 & 9 soe [ F=IE @@ 91

(c) (i) Estimate the date of the observation. 2]
R Ol (79 91
Hint: On which constellation is the Sun located on the date? Remember that during the winter
solstice, ag = 18" and during the summer solstice ag = 6".
(YT FF, (I SRV O X GAZ© | FA [, NP GG (winter solstice) TV ag = 18"
43¢ FF6 @@ (summer solstice) TR ag = 6"

(ii) How long does Butch have to wait for the rescue team? [0.5]
[pCF @FC VEE & FOHA QU I ANE?

(d) Before the rescue team arrives, Butch has to be at the same place where he is now. Estimate the
latitude (¢) of your current location. [1]
@FC v AT A8 IpeF 9L F A AAE 1 (T FR A () F97
Hint: The Declication of Polaris is § = 90°.

FIORIF 7w § = 90° 1
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