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RelTHHTN LG A oBpId UGsH B R 25 eleimdsemen Comemi(Beiendl
This paper consists of 25 questions in two parts (A & B).

2 _10g SHMILLBEHEGHID UGHFH B E60 smewi Bl allaiTdsendd alenl uleildbsa|b
A enensbHLILL (BeiTen  CeuBBISHSHTETHMET LUWLTUGSHHRLD
Use the attached blank sheets for your calculations and also to answer the questions in Part-B.

SIMHEH N eNTHBEHBGSGLOTeN ellenLsemem EeuelenmdHTaMBsBW 61(1pd) DIMMHH HT6ITHEMENULILD
GumumyensuwimemflL b @LUILIEHL HHA|LD
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
examination.

Bevsdreiuisd semilimeiset LwsLBGSSIULeomD/ Electronic calculators are allowed.

&&6160 / Useful information:
gefufsir Geusmld / Speed of light c =3 x108m s™,
a0 yalufiiy wmiled / Universal gravitational constant G =6.67 x 10! m3 kg™ s, @ fluieeir
FHenfley /Solar Mass Mg =2 % 103° kg , amiisit womfed/Hubble constant # = 75 km s~* Mpc ™!
AevsHgaiet HeleyMass of electron m, =9.11 x 10731 kg
Stefan-boltzmann constant = 5.67x10- W m-2K-*/
Wien’s displacement constant = 2.898 X 10° m K




LGS A | PART A

LGS A 8§ 6L 2 6TeT 20 CH6TallH @& G LG everflas SyLLL (b eTer
LG5 merflement LW eTU®M SSH6YLD. QUIMTIHS S0 meor 6l 6m L8 & Klw
UL L gBlemerr BlLHUBSS6YLD.

Use the provided answer sheet to answer to the 20 questions in Part-A. While marking
your answers, darken the circle which is the correct/best answer

1. etreumeusoreummiem jevorLalllel QFBBIMLICLIWTE] 6THeemnL W allemerey

Cosmological redshift is the result of the

(A) Upuebssser allifleumgsid / Expansion of the universe

(B) WasLouiflw swmbaieneraser / Supermassive black holes

(C) evoriSest HyenaeT Lallemw el (h CaussLnmss a6 & &FQ & 60 F6dTMmemLOITEV /
Galaxies speeding away from us

(D) s16v68 - efleq [y Qg mLiyL / Tully-Fisher relation

(E) smssmsssb [ nuclear reaction

2. Ugsmer aliflens BLESHTHISG6T 6T QUTSieumeT allH&aennwl GumurLiL]
QauliLpleney AT &Fl&EGLID CUMs!
For main sequence stars, the general rule is: the higher the surface temperature, the

(A) BLEBS THIG6T6T eerfliHmest Gemmulid / Less luminous are the stars

(B) BLEFHH THIG6T 6T eeflTHmett 2F&fl&@ L // More luminous are the stars

(C) BLEFBH MG 6T Blenm HF&fle@ L0 / Greater the masses of the stars

(D) @@BL0 BLFHSH T Ger 60T eTevorevol 1868 & & fl& @0 / more common are binary
stars

(E) GumammLiLIL L wWmelb eummeremneal/ none of the answers are correct

3. umev efBWiler eThs LGHWlsieT @Giflwenerls Gumeorm Population |
BLESHIBIGHET ANFH &M 8Tevor L) 8 60T m6or
In which part of the Milky Way are Population I stars like the sun most likely to be
found?
(A) ofmsw LGS / bulge
(B) & / nucleus
(C) eperfleul_L1d / halo
(D)sL (@ / disk
(E) ®M&5605mm @ L b ereormlevenev / no specific place

4. LILDEmLDWITET BLESH TE Fol L MBIG6T 6T6e0I6
The oldest star clusters are
(A) Gamemeugeument Hyeitgseit / Globular clusters
(B) syevorauigeumenr Hyeitaset / Galactic clusters
(C) @miseaigeaimer Hrertaer/ Open clusters
(D) &smis@mema Hyerser / The Pleiades
(E) siemenrssl BLEFSHT HFeTHEHL FoeuwgienL weneal / all are in same age

5. Zubeneschamali (B Librae) etetiug BgV euensenws &ibsd @ BLFSHHTOTGD. DiGH6i



eeflF® medt 130 Lo wopmid Gsrimiiimost V =2.6 sy@lb. Sibbl &A1 HI D@66 Sy
wirgl? (1 pc = 206265 Au, @flweilsnr GsmmmriLigpos (Visual magnitude) -26.7)
Zubeneschamali (B Librae) belongs to the type of BgV. Its luminosity is 130 Lo and apparent
magnitude V = 2.6. What is the distance to the star Zubeneschamali? 1 pc = 206265 Au,
Visual magnitude of the Sun is (-26.7)

(A) 10pc (B) 20 pc (C)30pc (D) 40 pc (E) 200 pc

6. QUTLLSSHTE SITLLLILLQ6TeT Q& meneuBmhme:SH uiler alemns
The type of telescope shown by a ray diagram in this figure is

(A) Newtonian / mlw,GL meofluledr
(B) Cassegrain / &m@ e &lemyeor secandary /
(C) Coude / G&mLl = 8 TTox
(D) Maksukov / n&&@ameu
(E) Schmidt Cassegrain

7. Upgsmer auflensullsyerer K eTenild BLESHTEH 6T spaflioyssememnin 0.4Le. @5
BLESHISH 6T F&H LIMUIaITETS 6.23x 1034 W m? 9u&LD. @HHLF&5) T8 518 & Teor
STl wns? euefllneorLey  &MIeoll&GeneT  Lim&sentl&ss. (& luleofleor
eeflieyssettemin Lo =3.96 x 1026 J s
A K star on the main sequence has the luminosity of 0.4Le . This star is observed to have
a flux of 6.23 x 10 W m™. What is the distance to this star? You may neglect the
atmospheric effects. (Luminosity of the Sun Le =3.96 x 1026 J s).

(A) 23 pc (B)125pc (C)310pc (D)453pc  (E) 658 pc

8. Ulereu@meustraummieT eThg Llgsmer auflensd BLFSHTD GHlueneredl HevorL
QUL STV Q&ML GME fHTUTTSHSILUGR S
Of the following, which main sequence star has a longer life expectancy than the Sun?
(A) Spectral type B9
(B) Spectral type K2
(C) Spectral type A7
(D) Spectral type O5
(E) Spectral type F4

9. 2. (A uled auems 1 Fmhs GFN. BemeoweoBm Bl FHHrsHde (Cepheid variable
star) qefl euewerney sTewILGABEH. Gflwedlen Heliimwss M =5.0 eafleir 2 @ (A)
uflevisitenn g6l suemeniay cpsuld  eleuflBHILIGID OFLIL  HlemsowleoBm L FHHTHHBG 66N
OxTemevey wirgkl? 2 @ (B) uled Q& BlemsowieoBdm BLFHHTHIH6T @eMiyamen OBBID
HM6L SieT6)] RemL_ulevieien GHTLTLlensn ellendb@D aueHFLILILLD STl LB TSI,
Figure (A) depicts a light curve of a Type 1 Cepheid variable star. If the Sun has Absolute
magnitude of M = 5.0, find distance to the Cepheid variable star described by the light
curve in figure (A). Figure (B) depicts the graph of Luminosity-Period relationship in
Cepheid variable stars.

Type § {Classical}
10° Cepheids

ual magnitude
sity (L/Lo)

Type Il {WViginis)
Carnhoalrdc



(A) 2 pc (B) 20 pc (C) 200 pc (D) 2000 pc
(E) semiinilL Gurgionen sHyeyseit @svemsv (Given data is not sufficient to solve)

10. 62(H Hl6evoT60T6EmEV SHFHFTLILN6T HHENWDTETS 1.1mm 6Tl emevbeTsEHev 2 F&FLD

11.

12.

MLROTME. 215C5MTH @&l 2.7 K QauliLplenevenul 2 el 6(hH S@HLIL] 2 L 6Sleor
QY EISNG 55 Fl. Sirius A 6TedI LD FL_EFSH T5H 60T B (T WD mersl (Q 6 LILIBlemev 9940
K) eTh & 3jemevibergsdlev 2 F556m5 60 U|LD?
The microwave background radiation has a spectrum which peaks at a wavelength of
1.1mm and is identical in shape to that of a black body of temperature 2.7 K. At what
wavelength will the spectrum of the Star Sirius A (temperature 9940 K) peak?

(A) 9036 nm (B) 335nm (C) 299 nm

(D) 34nm (E) 2580 nm

@ QBMemeLCHITH S, 800 nm 3|em6VIHeTS H 6L el evor Qe erfluflev
SUSTGEHELILGRMS , SISH6T FHemeT 5m Nl LD 2 MLWG. 35607 G Tevor
NS medr eTedTE0T?
A telescope, observing in space at a wavelength of 800 nm, has an aperture with a diameter
of 5m. What is its angular resolution?

(A) 1.95 x 10" arcsec

(B) 4.03 x 1072 arcsec

(C) 1.95 x 10t arcsec

(D) 1.6 arcsec

(E) 2.8 arcsec

®M BLFSGHTHMS &FMMl @ LUmECsmefladr &mmiliLimeng Geusd 30 km/s.
LUm&CHTamHGL BLEFSHISHHEGL GeoL G 2 artem g&rym 3 X 101 m oy sLb.
BLESDH TS 60T Hlenm 6T60T60r?

It is found that the orbital speed of an exoplanet around a star is 30 km/s and distance
between the exoplanet and the star as 3 x 10 m. What is the mass of the star?

(A) 4x10*kg. (B) 2x10%°kg (C)2x10°°kg (D)4 x10% kg (E)9.1x10* kg

13. GaLlesv IDMMID aqmL1ed @ e CuiwimerT "QLBLD elleumggHev”, Limev efe ullesr

WLILGH UN 6T 3([HCSH & f1UI6T &)6V6m6V 6T60TLISMEMTEOT & T60TMI S 6iT
QULMBIGLILIL L 60D 6THS | 6USTeofILIL| 86T eLneuLn



In the "Great Debate™ between Curtis and Shapley, evidence that the sun is not near the
center of the Milky Way was provided by the observation that

(A) QFLI s6T Geumi LITUEHFMmIS6T 6L 3jeugmentlsaLiLLLenin / Cepheids had been
seen in other galaxies.

(B) ar® Feuliy mLssH T / Dust reddens star light.

(C) QUEBLLLIMETEMLOWITET GSHITET6ULL6U BT 6T 61IT60TE S 60T 62(H
LSS SHH6v.&mevorLILI(h&ev. /Most globular clusters are on one side of the sky.

(D) &meT aflevorifetr LIL 6V &Lom& & / Spiral nebulae could be seen to rotate.

(E) eteveum sammisasenD Seummerened / All the statements are incorrect.

14. ap BLESHTSHemeor &mM  HeTaul LLLmensuiley  G&HTG6Tmeorm
FOHONRMSI. HLESHTESHNBHS 1 (AU) STTEH 60 perinelion gev G merfleors
Gausld 30 gulerr, BLFSHISHOMHS 3 (AU) sTpsHev aphelion @ev
Gamerfleoral GeussLd WIMEI?

A planet in an elliptical orbit around a star moves at 30 km s™* when at perihelion (1 AU
from star). What velocity will the planet have at aphelion (3 AU from star)?

(A) 10 kms?
(B) 30 kms™
(C) 90 kms™?
(D) 120 km st
(E) 156 kms?

15. @rev@ G Iflws & eooflellemeotub, 10 km 24,6007 UIl6m)60T U (LD 60U Bl WL, L [T 60T
BLFSHTQmernler GmliLyliferiSa 107 eTenild 65555 oflev
LUSTIS 55 5 60of 66T e mulledr, 91560T e6rflT6 8 8 6oTemLn.

Matter falls onto the surface of a neutron star of mass 1 solar mass and radius10 km at a
rate of 10° solar masses per year. What is the luminosity of that system?

(A) 1.32 x 107 W
(B) 1.47 x 10° W
(C) 1.32 x 1016 W
(D) 4.7 x 108 W
(E) 8.3 x 102W

16. ellewtOeuell  LITELLDGIL 605 H6N  Hlewie)] HT SleIdbHHeNlenen  FBlueiern
@Qm eueLWIBIBEHHG LB  UFellullme@GID TGS HBAD.  isial®
QIVWIMmIBEHHE bhHalaid Oelell elsouIHHMBE OCeuafluisid BBID 2 6T
QMLWIHHMBEH 2 6MCemuyd  Hewlley  uFeluledensv. allewrGleuer
LIT6VLDGITL_60HH6 &PMHE elemare] eraleummi G5 mmminefl&@Lb?

Imagine that a galaxy had a very unusual mass distribution - all the mass was in two rings,
centred on the nucleus but at two different radii. There was no mass inside the inner ring,
between the two rings, or outside the outer ring. What would you expect the rotation curve

to look like for this strange galaxy?



(A) A ®)

Velocity

Velocity

Distance r

Distance r

© 4 ()]

Velocity
Velocity

Distance r Distance r

E)

Velocity

Distance r

17. @flwuer Wrsmer auflengulev 1.2 x 10 aU(HLMBISGHEN6T G &F6V6ULHl&HGLD.
s mer eulflens BLFSFTHISGET6T Blenm - eperfliays s erenin & LD
L «c M*® auigedlev @Ha@&Wmuiledr 2MQO BL&FS T 7565 60T 6UITLDIBIT6T 6T60T60T?
The Sun will spend 1.2 x 10'° yr on the main sequence. Given that main sequence stars
obey a mass-luminosity relationship of the form L oc M®%, what is the lifetime of a

2MQO star?

(A) 1.06 x 10° yr
(B) 6.0 x 10° yr
(C) 3.7 x 10% yr
(D) 2.06 x 10%r
(E) 2.12 x 10° yr

18. Aiflwenveeargl @ L IDIMMIGSTevoTLD 0.377" eTevfledr, P iflwerdledr 0L (H SMTTLD & 600118 5.
If the parallax angle for Sirius is 0. 377” find the distance modulus of Sirius.

(A) 2.6525 (B)-288  (C) 53 (D) -1.4  (E) 400

19. M, =5.0 2 LW @@ BLFSHTEH DS TET STTLD 64 pc 6T6vf 16T,
BLESHTHF 60T CLUTCTALL 18 &6vflLILIHLO6T,
For a star with M, = 5.0, the distance (d) was measured to be 64 pc. The absolute bolometric

magnitude (M) of the star is,
(A) 1 (B) 2 () 3.5 (D) -1.4 (E) 5

20. amLiev LNTLIEHBIG6TleneT ojeumnler CEHMTMME S emeTd 6 & meuor(h
G LILMGSH6TTT. emLIeder LererfIm CUIMTTE aUenTLULSHFH 60 S|LBISGTS

LNTLIEhMIS6T 6Tem6u?



Hubble classified galaxies by their appearance. Which of the following types of galaxies
do NOT fall on Hubble's tuning fork diagram?

(A) Pouilwey Nruessmiser / Peculiar galaxies.

(B) smerfleuensa L9rLEhamisser / Spiral galaxies.

(C) Bereul L Nyuehsmiser /Elliptical galaxies.

(D) sevor(h) &HF&F 6T LNTLEsmiser / Barred spiral galaxies.

(E) Gumammliul L ergiewdlsvemev /None of the answers are correct.
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Use this answer sheet to answer to the 20 questions in Part-A. While marking your answers, darken
the circle which is the correct/best answer as shown in the example below

A. Proper way of marking / darkening / shading D @ & @

B. Impr_operwayofmarking/darkening/ ® ©® @ @ ® @

shading
Use the attached blank sheets to answer the questions in Part-B.
PART A

1 ® 606G 16 ® 600G
2 ® 0006 17 ® 0006
3 ONONONONG) 18 CNONONONOG)
4 ONONONONG 19 ONONONONG,
5 ® 60006 20 ® 0006
6 GNONONONG
7 ®e006
8 CNONONONG)
9 CNONONONG)
10 ® 6006
11 ONONOCNONG
12 ® 006
13 ® 60006



14 ONONONONG)
15 ONOCRONONOG)



UGS B | PartB
GBS STeTHm6TL LWaTLUDO SS) @\HS LIS B &8 mer 6dlenLemnwl
6ULPMGISGEYLD. 2 MIG6T QLW LnMMID &L (b &) 6V 5 6T600T6N 6U0T 62 611G 6UIT(H
CLWH & STeTH 6T syIlD 610G 6YLD.
Please provide your answers to this part using additional sheets.
Write your name and index number on top of each and every additional sheet.

21 @ HIHE5H 6T HLILIEL CeusLD 6T60TLIGH60T eLN6VLD [BBIGH6IT 6T60T60T
T MBI &0 & TETEH S NI T &H6iT?
What do you understand by the escape velocity of a planet?

R et LeNUuler oiengeumd Hleoofle]d, Si6mTaUTE QLM TULD 2 60)L_UIG 6T6oT
HHSIE. AEHRTHEH T CMUTLIL 800K QeullLFBlemey eUenT 3i6MLL&Ta WSl
ERTHSH 6T  a6TlNTTL_EH) REFFT CLNVSHTFaMISGET  @)[HLILIGMSETeoT
FISH WD 2_60TLIT 6T60TLIeN S WG LILNB\S. (LIUIEI6TET S8eu6086T: L dlufler SLiLev
Geussld = 11.2 km s, GUImeLL_6rLnmenfledr Lommiledl k= 1.38 x 10-23 J KL Lo MILD 62 8 &) & 6ot 60T

ELN6V & o D) Blemm = 5.3 X 10 Kg).

Imagine a planet having mass and radius half those of the earth. The surface temperature
of the planet reaches up to 800K. Estimate whether there is a possibility of the presence of
oxygen molecules in the planet’s atmosphere. (Useful information: Escape velocity of
earth = 11.2 km s, Boltzmann’s constant k = 1.38 x 102 J K'* and the mass of an oxygen

molecule = 5.3 x 106 kg).

22. umeval® WHMID gemeTwl  S&LNTUERIS 6L smeooTliL(b  urgwurlw

Q&I _serfl6aT 3jemev6e] SMeVLD FMILITS SeoflLILIHLO6I 60T euenyL] STLiLL (H6Tengl.
The following graph shows absolute magnitude as a function of period for classical
Cepheids in the Milky Way and other Local Group galaxies.



LNedTeu(pLD sp6rfl-6U6em6me| Q& Meuorlq.(HE &L L@ euerfl LNTLIEhFSH 60 Smevor LILI(ILD
Q&L Blemevwimm BHLESHTEH 6T STTEMSH H600115.

Ascertain the distance to the classical Cepheid variable star found in the Milky Way
galaxy having the following light-curve.

25

M o

27

23. (a)

(b)

(©)

t (days)

&flwemer Hallfsal aumefley LNgsnFwmer BLESHTL Frflwev (a Canis
Majoris) @& wWw. Aflwendler oeugTefle&LILULL @LDTM CamppsGsre P =
0.377”. @& lwenfled (b S MeoT & 60T STTEHSH 660 PArSECS @) 6V & 60018 &5

The star Sirius (o Canis Majoris) is the brightest star (other than the Sun) in the sky.
It has an observed parallax of p = 0.377”. What is its distance from the Sun in
parsecs?

Arflev BLESH T 2 eoomennuley (h QUL el aNleoorlSedrT, e@H LOUISSLD
Gamperr. psnanmer wWwoetenn Hiflevev-A @er GUTCMGIL S
G&MMMLILIIHLOEOT M(pol,A) = —1.55 @u,&LD.

Sirius is actually is a binary star, with a faint companion. The apparent bolometric
magnitude of the bright primary Sirius-A is mgol,a)= —1.55.

(i) 315607 CLUIMTCGVTALLfl18 6oL L6 Mpol 6T60T60T?

GSflwenfler GUTCMALL 18 HeoflLILIHLO6oT +4.75 b ulledr, &\ iflulendleor
edaliGmener (G v Lsun @6v) 60011855 5.
What is its absolute bolometric magnitude Mnoi? Assuming the Sun has an
absolute bolometric magnitude of +4.75, calculate the luminosity of Sirius
(in solar units Lsun).

@ mevor LMD Blemev A ifluieru-B @er CLIMTGeuMQ L1865 G&mm mLILI(HLO 65T
Mpolg) = +5.69 L&D, A flwev-B @e6T GLITGMQLLfl& &eoflLIL(HL 60T
LMHMILD eerflTH meneoT & e6v0f& 8.

The secondary Sirius-B has an apparent bolometric magnitude mgpoig) =
+5.69. Calculate the absolute bolometric magnitude and luminosity of

Sirius-B.

(i)

Aflwen QsTGHWIT &HHm eIl LLILUTnS(RWES) BN LMTTmelsHES
FLLSH L aleflibiflev 2 6aTemg, CLAID IFHEOT  eUSMellSaUILIL L
FHNNEHEHEHTVID 49.94 L eoT(H&ETTGWD. @UevoT(h HL&F&SF JHIG6rflersiin
FTQIMW&EHGS(FTIL SOOIl LLLTMS), CHTMMUILITLTET enT-CUIEFa:
a=7.62” &5 Q\&HIT6OOTLSl.



FOM QL LTS U6 enT-CUIEFS a @emet AU @6V &60ofl&@&s, CLosild
QsUevfler 3 augl lFlenw LwWeTURSSH Q5TS&HHUler Qmss Heofle M &
Gl evGserflev & eooflEs.

The orbit of the Sirius system is nearly edge-on to our line of sight, and has an
observed orbital period of 49.94 years. The relative orbit of the two stars is seen to
have an apparent semi-major axis a of 7.62”.

Compute the orbital semi-major axis a in AU, and thus use Kepler’s 3rd Law to find
the total mass M of the system in terms of solar mass.

24. m, n L@GLOemeoTU 6L @ TeooT(h BL-F&H T miseTler LNJesnassearentn (enmEul B,
Bn, (n>m) ou&b. aumner LNIsMaFsseremninsgGl, LGLetmEGLd @ enLullevmeor
Q&ML FPS5IUIULLeITm Q@ H&HGSCTEEHTL(H 5.
If Bm and Bn, (n > m) be the brightnesses of two stars having magnitudes m and n
respectively, show that the relationship between their brightnesses and magnitudes can be
given as

Em — 10 O.4(n—m)

FeofllIL@GWer M, GamHMLUILGWET M, BLFSHISHmETer sy d (parsecs
@) 6L)eTeT LMD FDLITET QSBTLIL SBLDETETUTD MDA LDETESTL (H&
Hence show that the relationship between absolute magnitude M, apparent magnitude m
and the distance to a star d in parsecs can be expressed as

M =m+5-5logd

25 @ enulillL prefed GUUILL @ &HFHe0 LBussd 9 weniwenaled Smeriul L Ere)
amefe o meulULGrem  SHIUULBETeNH.  DUHM  USTNHSH  HILLL (Beitern
AT HHEHHEG alnL  DieMbHaD.

Study the following image of the night sky at 9.00 p.m. on a certain day at a certain place
and answer the following questions.

(A) auLb@, 0506, Swd@ wHBpId CBE AW BIEIE HMFHMENUD  SILILIL [BeiTer
QUMTLILIL $HFH60  HN5dBHLD.
Mark all the four directions North, South, East, and West on the map.

(C) Mark and name 10 constellations on the given map.
10 Bl s5ATHOHTEHSHBmen  HILILL B6iTen auenIllL HFHe0 GBiHH GLWfBHS

(D) ®fw  enfenws, ipmeuks  GRwiel, FhHATET  BHDID  euTelleNsien  DienedH I
Camenmerlesr OpHeilouresr LiTewHemwl CHmymuwions Csmgl B GnlobHalD
Sketch rough band of ecliptic i.e. apparent path of the Sun, the Moon and all the planets
in the sky.



(E) o omdhHHe0 auteiid RpsH CHIHEe0 @eeutmi S FulehdbEin?
(Uﬂd): ................................ )




