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Q6) alemHHTen LUGHH A BmId B 60 25 eleimdsmend OomemiLgi.
This paper consists of 25 questions in two parts (A & B).

QMM BBLILLL. HT6ITHN6N  HeWILILBEHHGHWDE LGS lo BeTen elenL HEhdb@ELD
LWI6TILI(B &HSHYLD.
Use the attached blank sheets for your calculations and also to answer the questions in Part-B.
SImNHH ATHHEHSGHD oL WealbHaln . el HHTeismen Lf eng (pialsd Gom
"uTFemeuwITemflLid endleildsda|lb
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
examination.

BevsHraiisy semiliLTeissT Lmaldsasomid/Electronic calculators are allowed.
(Lwenflg sssusvamsit / Useful information : geflullsir Gsusid / Speed of light ¢ = 3 x 10° km/s
sE@soriy wirdlsd / Universal gravitational constant G = 6.67 x 10 mkg™s™ / Solar

Mas/ &flwgdHeoey My =1.99 x 103° kg , emiiler oTA)eS) /Hubble constant H=
75kms™! M pc™!, @evgHneiest Heuney /Mass of electron me =9.11 x 10731 kg)

SO OTHCUWTIIL FHCHEMISeT UL UHIEH60 POHBHIL 0T QUILNBS.

uUsd A/PARTA

LA A BaraFfluraeiam.&eEns@Gall LIOL D Si6060&HISIgHBHTIQL JID)
(Answers to Part A should be made by circling or underlining the correct answer on the
guestion paper)

1) Gilwssmmmen OSLQUTSIOITET HI6N&eng WM ? (What is the most common particle
in the solar wind?)
a) H'
b) @6V HT6TTH6I (electrons)
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2)

3)

4)

5)

c) SleoUl HiTN&Hen&ser (alpha particles)

d) Buysdyemsen (neutrons)
e) GeolIGL metT&H6M(leptons)

Qg @ilullesr Gflwenwow QL rHm CHTHM U 0.76 J& eI6vlg & YGSLD.
Ans BLESHTSHDSTET HIIHMS epefNmeni(haaied sHaM&HEGs 2 (The heliocentric
parallax of Centauri A is 0.76 arc seconds. What is the distance of this star in light years?)

a) 2.82 b) 3.56 c) 4.29 d) 5.74 e) 7.31

&UUF CBhmeum &8 euemdl, eUmS2 61601  UMSLILMGSHIDCUTSHI, LN6tTUBLD 6THS
Hmmsneounest el(hamsGWIT/ammEHGeor &h&LILIHRLD? (When differentiating between

Type | and Il supernovas, the presence or absence of the following element in the spectrum is
considered :)

a) H b) He c) C d) Ne e) Fe
MNereu@bd 2 (H5&6T Q@ 2 (HHASTGH SN H-R UMHTUL GG ST (HEH6TTM60T.

2 (Hh&&6M6T SUGTEILILGET cLpeVD BrugeT CQUMID (WIg6y wirgl ? (Following figure
shows two H-R diagrams of two star clusters. Which conclusion is possible by observing the figure?)

Cluster 1 Cluster 2

a) QHTGH 2 Q6L 2 6o 2 (H&HSH6N60T 6T6RIINSHMS > CQHTGH 1 Q60 2 6itern
2 (h5566t 6T6U0I600TI5H6M8 (number of stars in cluster 2 > number of stars in cluster 1)
b) QHTGH 2 Q6tT uIG| > QAFTGH 1 @6dT 6| (number of stars in cluster 2 >
number of stars in cluster 1)

c) QaTGSH 2 @Mamer G > AHTGSH 1 QMaTer GNILD (distance to cluster 2 >

distance to cluster 1)

d) Q@& 2 Qe speMijSHiment > QAHTGH 2 Q61 epeMFSHIMe6aT (luminosity of cluster 2
> luminosity of cluster 1)
e) GGe FaMwl eparmid @evsmev (none of the above)

Q@ 2 (B&s6T LNUNOBHEH CT HMSHH Q&S ement eTesiledt, Seummiedt. (If
two stars have same distance from the earth, then their)

a) C&MOHMLILI(HLO6ITSHENT FLO6DT (apparent magnitudes are equal)
b) &6vTILILI(HLD63TSHEIT &FLD6EIT (absolute magnitudes are equal)
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c) CaTOHMLILIHLO6STSEM6T QNGHSHITFUPLD &6vflLILI(THLD6sTeN6T eSSILITE (LD &FLO6DT
(difference of apparent magnitudes are equal to the difference of absolute magnitude)
d) Ca&MMHME CHTEIAIL L MIG6T FLO6TT. (apparent angular diameters are equal)

e) GG FaMwl eparmid @eLemev (none of the above)

6) 2 (r&safenL 2a1_ & @6LEVTE(HLILNGDT, m* 6TETLG| 6(H 2 (hel6dT MMLILI(HLO60T
6T631&. m 6T60TLIEH SHMESILLL. 9CsH 2 (hellstt CHTHMUILIHLO6H 6T6uf6dT, m-m’ 6T6ITLIS)
(Let m* be the apparent magnitude of a star, if there wasn't any interstellar medium. And let m
be the measured apparent magnitude of the same star. Then the value m-m* is called,)

a) HeMNGH(HSHHLD (absolute correction)

b) 2 (h&&HeMMLSH(HSHSLD (interstellar correction)

c) GumGeorGmmMs &l(HHHLD (bolometric correction)
d) 2.MEhFeL S(HGHHLD (absorption correction)

e) L(BL6T HhHFHLD (Magnitude correction)

7) GedGhg HLOMg FefNuiler euememLSHeHT HlqLiL| eTedTes ?
How thick are Saturn's rings from top to bottom?

a) @(HH60 LGHGHTUNFLD km (A few tens of thousands of kilometers)
b) €(m&6v km (A few kilometers)

c) @(H&ev UGG m (A few tens of meters)

d) €(m&ev LhleLedIW6oT km (A few million kilometers)

e) h&ev HITMI km (A few hundred kilometers)

8) QeMesmemeusTLiguilesr  Qum@pefuilesr eIl LD  60cm QY@GLD.40cm 860
Caumiu@sSLuL(herer [A) Sm| Hleuri QuUITBL SHemern LTSS LD
QTMEVGSHTL I OH6MNEUTES @(HEGUHMDG Ileneu eleualeaTs] C&Temevaled @\(H&H5%
CeuesarLb? (A =0 .8 x10™ cm 6T60T& QI&HIT6ITS.) (The objective of a reflecting telescope has a

diameter 60 cm. At what distance would two small red (» =0 .8 x10™ cm) objects 40 cm, apart be
barely resolved by the telescope?)

a) 28.95km b) 10.62km  ¢) 60.00 km  d) 1.22 km e) 2.85 km

9) eMflerv  6T6IH @6 HUSHHHET  GFGMHMINS  HMELD 560  6UIHLRISET 6160
S MWILILL BeTengl. SigesT 2 1 CUIE&em BendHeng &6uuN&Es?
(The orbital period of the new dwarf planet Eris found to be 560 years. Compute the length of the
semi major axis.)

a) 3.8 b) 22.8 c) 67.9 d) 131.2 €) 6.79

10). B omCrréseiler  Hleae] m, =10"m, 61601&  Q&Mens.  LJUEHFSHSeor

sBLAUT@Gemer FER  QFQISNE BULmHNICHTESET C&T6ug (h&HGal6Uq Ul 616w
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flewney (n,) Wrg? ( NJUEHEFLD SLMLIIMETS 6Tered LNJUERFSHSH6T 25% SHewiey
S(HLOAUTHeMNEBIML UG 6T D Q&HTeTs.)

(GOIIL:LmLpEDOILITEN QMES FHE LLEFSUILD 6Ter1d CHTes.)

Assume the mass of neutrinos is m, = 10~°m, . The number density of neutrinos (n,) needed to
compensate the dark matter of the universe would be.

(Assume the universe is flat and 25 % of its mass is dark matter. Hint: Take the classical total energy
equal to zero).

a) 1.1x10%m? b)3x10°m?® ¢)24x10®m? d)15x10*m® e)6.2x10%m?

11) GumuiyLiy QeuliLblenev 25000K 2 ML Ul BL-&SHSH LD o LIy

QemeyenL Il sHTFMeL  61hH% Mg Hed MBNHHID? (BLIFSHTHMS €2 (1
&S(HLOAUTHeMTS &(hH &) afefer eNdlenw 2 LCWITE S8 axf6ufler MO = 2.898 x 10° m K)

(At what wavelength does a star with the surface temperature of 25000 K radiates the highest intensity
radiation. (Consider the star as a blackbody and use the Wien’s law, Wien constant = 2.898 x 10”° m K).

a) 0.12um b) 0.22um ¢) 0.29um d) 0.33um e) 0.43um

12) G flwiesNest CHMMMLILI(HLO6T my,,= -26.81 6T6OIGULD HNILD AU = 4.848x10° pc
sTUTeULD SIJLILIG 63T Gifluteafledt 2 6GuTemLOLILI(HLD6T WIm&)?( The apparent magnitude of
the sun is mg,,= -26.81 and its distance is AU = 4.848x107° pc. What is the absolute magnitude

of the sun?)
a) 4.76 b) 5.86 c) 563 d) 6.78 e)8.3

13) &flw&esr QL LOTMICHTHMH (P 0.347+. AW QL QeveMN&@GHeuer SO WG| ?
(The parallax for Sirius is 0.347 “. What is the distance modulus for Sirius?)

a) -3.76 b) 3.76 c) -2.88 d) 2.88 e) 3.77

14) 2 wij epeNJHImImLIWIGID ST CQeuliLibléncy 2 6nL GO FFlwler SeNjhs
@@ 2 618 ? (Which star has the higher luminosity and a lower temperature than the Sun?)

a) M&en (Rigel) b) eoum Q&FsaTGCmmIfl (Alpha centuari) c) &flwey (serius)

d) 810G upedT(aldebaran) e) GuestmL_'erv 2_ (B (Bernard’s star)
15) BIGGIIGHTETSH@hSHGSLD HICTNCHTETEUMELSHSHGSD QenL_uNeomest FITEilSSHTSH SIS
OSLIQUIT (S SLOMEsIGI? (Which is closest to the average distance between asteroids in the asteroid
belt?)

a) 100 UMD km (100 thousand km) b) 1 LOI6LEOILIEST km (1 million km)

¢) 1 SuNJLd km (1 thousand km) d) 10 guNFLD km (10 thousand km)

e) 10 LH6LEOIWI6ET km (10million km)

16) &HeunyéemseOl. gyempullgmiem 1x10° M, &SleutNey Q& mevor  LOGLILIMIFIL
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S(phglemeTuilest Fom&fl HewnNeul J&H&H WITg?
(The mean mass density for a super massive black hole with total mass of 1x10® My inside the
Schwarzschild radius is.)

a) 1.85x10%kgm™ b) 3x10°kgm™® c) 2.4x10°kgm™ d) 9.0x10**kgm™ e) 5x10% kgm™

17) 1998, s euTeUf] 194D 588 wGrerery 616010 Gamenm  20.721A.U
& H0(hHSHGI. W Creledt ghemy 25559 km. Qeureulfl 1g4d HaH @Qed iy Creuéleon
CaHTHMCHTEIAILL SH6mG SHeneL&erlen G)6uwis?

(On January 1% 1998 the planet Uranus was at a distance of 20.721 A.U .The radius of Uranus is 25559
km. What was the apparent angular diameter of Uranus on January 1% in arc minutes?)

a) 3.392 b) 0.028 c) 1.696 d) 1.644 e) 0.056

18) (b BLESSHTHH6T (Plg.ef LUDHMIL KeTTUIHLD FammIbHeneT &(h&I&. (Consider
the following statements on the fate of a star.)
(A aigetr HaMaNed HrudHujeteng (It depends on the mass.)

(B)  Hewiley 1.5M, @ Qsmeoi 2 6 @mMHUNE HuUISHHTeTTed Y SSLILIL L
2 (heurm& LommILD. (Star having a mass of 1.5 M, will eventually be a neutron star.)

©) 14m, HeNaled Gemmeuresr HevfeyenL il 2 (H&&H6T &aNTHE)
Qeuetemen Geiten HJSHMmIGETs DTMILD. (Stars having a mass less than 1.4 M,
will cool down to white dwarfs.)

@eummien gflwimeteneu (Correct statement/s is/are?)
a) AL ((A) Only)

b) ACWL @ ((A) & (C) Only)

c) ABLL B ((A) & (B) Only)

d) BCWLL@W ((B) & (C) Only)

e) AB,CeWemib (All (A), (B) & (c))

19) g&ELMlwmey BLESHTHFal L GHl6oT DG LNJSTEFLTET BLFSHID 61§ 2
(The brightest star of the Sagittarius constellation is)

a) &flwerv (sirius)

b) &eyev ep&mmmeflery (Kaus Australis)
C) SI6STLMmery (Antares)

d) oevBum (Algieba)

e) MmI6oT& (Nunki)
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20) 1,234 eteors @O LUL(erten  BLEFSHT Fal LRGeT (WPemmGul,
(The star constellations indicated in the following figures 1, 2, 3 and 4 respectively are)

a) Canis major, Taurus, Scorpius, Orion and
b) Ursa major, Scorpius, Orion and Leo

c) Ursa minor, Taurus, Scorpius, Orion and
d) Cepheus, cetus, Scorpius, and sextans

e) Canis major, Leo, Scorpius and Orion

ugd B/PARTB
(BlIuG HEsTen alenL Sl Gevdls HTeTsHelled QIPRIGAID. 2 BIGeTd QUUIT &l 1960858&1D
STEILIUBENBUILD DIH6N BLoBLBSHSH60 6T(1HSHOYLD.)
(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)  @rrenL pLEgHrsSe uflaumo Hoeouled ek ©MNss Sae @
BLESHTSHOBHE QemClamamisEd alwphgl GG auesl el @ eamm
2 (HUTHGHIMG.  (WPgaledluNed(phgd . 6T0im  mbWGHamnalled  QBhHS
HHZ5S, @@ Hewle] al(pd Haneouiled Sigem HeameoLLaLEsSH QUISEFEHES
FLOITEMS).

(At some evolutionary stage of binary stars matter from one star falls onto the other and form an accretion

disk. For a mass m falling from infinity to a distance R from the central mass M, the Kinetic Energy
matches the Potential Energy as )

1 2 GMm
—mv = ——
2 R

SsdaNe] QmHwITes BLESSHTHHe CuOUiLmL CLMEH UGH6T QuUISSHE &Sl
Qeuliumg QeueNCIHMIAME. NG SHSjaids elgalsd CHTHTMISME.
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(The mass eventually hits the surface of the star and its KE is released as heat, and appears in some form

of radiation. For an accretion rate dm/dt, the KE is turned into heat at a rate [1/2][ dm/dt]v?, or the

accretion luminosity L is)

_1ldm_ o, GMdm

L =
2 dt R dt

(i) FEUMTOVMFEIL. 9, 60] 2 6mL LI &(IHRIGLOIUN6DT sparflijSHyedr
STLL LU LT 2 6mend| eTensamL (hd .

&1

(Show that the for a black hole with Schwarzschild radius r, the luminosity can be expressed

as)

_ s dm

=——c

2R dt
L =€Z—T62

¢ 616U @eNTEDeNOmHS lle) Hemle| s&HUN6T HOMED LIHDIFME.

(In this form & can be seen to be the efficiency of the conversion of rest mass energy into luminosity.)

(ii) 5 x10° cm Q60 QEMEIL. Gl SleNe Qeueenet @Genen HsHHeT MM

LIMHM M6 & ~ 3 x10* 6T60d ST (HS.

(Show that the efficiency & for a solar mass white dwarf star, for which the radius is of order 5

x10% cm, is & ~ 3 x10™)

(i) 10 QsMLAid o4emy el HALGHTAC HsSE BLEsATEST
S,MMEL MMM Hmedt eTeotesr ?2(What is the efficiency for a solar mass neutron star,

with radius of order 10 km?)

(iv)  £=10° 2.6 P-P FRHCN 2a el §&5 eNEaNNDH&STET SYMOMEL LOTHM)

Smenest 2 10§ eMlenL L 6T sTeueumrm) epLN(Heil 2

(How do your answers compare with the efficiency for the release of energy via the p-p chain,

for which & ~10%?)

22) Gamuul L  wshselled & Qe Brem MNeQU@BLD  BHLESSHTHSEDHHS

S(HSTeMLUND Q(BHSHGI.

Epoch( W{&LD ) Constellation Mean o (1900) Mean & (1900)
(BL&&HTSHFaL L LD )

1900 Purva Bhadrapada 0 0

Siddhanta Ashvini 1" 55" 20° +21° 39’

Yajurweda Krittika 3" 40™ 32° +23° 52’

Rigveda Mrigashirsha 5" 30m 11° -2° 29
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CNP

Celestial
Equator

& upMlw &WOHH Hspene LTRSS STeod QHHING WSHISET SHITEUILILIL L
SMVGHMG &IN5 G 5.
(@O : o.f & ) 9b& LOMDMIS)

cosfcosA = cosdcosa e161m CHMen HHCHMTen SHeweNg QG [JemL
LIut60TLI(H'S 51 .

23.) oimenisH G NITESEH&HGD ellenl_UleN&ESs.

(i) aurefley SmewILILBL 2 (H&seafled Aflwev A SUNISTFOTEIS B GLD. i)

yuNed@mphgd 86 speflwmeani(haer  gysHed 2 dleng.  QSHHMILD
SI6T0T6TTIEMEUMS 8 X 10° m 6T60TSH ST (H'S.

(Sirius Ais the brightest star in the sky. It is 8.6 light years from Earth. Show that this
distance is approximately 8 x 10 m.)

(ii) IHOBHG! LU OUNOBHG UTTEGSLCUTS Hiflwev et QFdlemneal Glewns.
aflwerv A Q6T eMiTHIT6I 1.0 x10P W 616718 QSIT6NTS.

(Hence, determine the intensity of Sirius A as seen from Earth. The luminosity of
Sirius Ais 1.0 x10 2 W.)

(iii) GilweT  seng eumpellest QMISHEG AGIHSSLCUTE G H6UG)
2 aTensLILGSHUNDL  anfedliiGeng GCeID 100 LOELEOILISHT 6 (HL S Eh &S
MG @@ Seully BLESHTONG 2 (HeUTHDH. UG 6T 2 6TenSHLILEGSHUTeL
afedlws et siene| eflpFHuwemLw|bCuTg Siger Gmurly Qeulibleneo
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SOCUTEMSUI QUMILDTETLOMEST 5780 K @60(BHh& 3160 K QMG GHeMMeUGIL 60T
SIGETT 6m 6.96x 10°m QeOl(pH& 1.26 x10"m QMG GHEOMEUHL HMG).

@uwmmorsemed  glweilest  eef&lyest 3000 LWLMKSTL — HNHSHEHDHG
TS (H'S.

(iv)

v)

(When the Sun nears the end of its life it will burn helium in its core for a further 100
million years and become a red star. When it has depleted the helium in its core it is
estimated that its surface temperature will fall from its present value of 5780 K to
3160 K and its radius form 6.96x 108 m to 1.26 x10™ m.)

CamiL&L@m-gged Lwsymd HCp syl (hemengl.( A Hertzsprung-Russell
diagram is shown below.)

Qe FHlweNer Hemevemwt “X'6T@ID 6T(PHSTL GMSHESHTL(HS.

(i) Q6L SULULL L. HTemed LWETUGSS “YeTaID 6T(LPHSML, Fiflulicehest

2 eTanHLLGSHUND anfedlws St siene] aflpsFs enL wbCug, & flilsoies
Hemevenil GMGHHSSTL (Hs.

(Mark with an “X” the position of the Sun today.Use the information give in (iii) to
mark with a “Y” the position of the Sun when it has depleted its helium core.)
aiflwerv A Q6L eR6lCleUM(h QF&HE6MNEID UGN 2 6TaTSHLILIGSHUNCD
F&HWITGE WIHOUUGLD SHlemNenel &6utN5E 5% ?

(Calculate the mass being converted into energy in the core of ‘Sirius A’ every Second.)

24.) SiDeL, LOMJE 2194l HaH |, QsMPLUSEG GLoeoms 10km 2 WITGHeL alllomerddHed
UDSGLCUTE , FHilwer 6.01 (WU QOGS 2FHUmE AHUSTENGSHTT.( Sleuifled
B HMGSHeTLG )( Qeomiens GHILD +0530). GCH CHIGHL Siagmer  CSMLHLDL
LELSHEMELBLNESHHL  QBHST. HOQMET  GFIW6T 2 HLLNG 61HHMET  LDETNSHEG
SleUGMesNLILIT? )
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While Amal was flying in a plane above the Colombo city on 21st of March with an elevation of 10 km,
he observed the sun rise at 6.01 a.m. according to his watch (Sri Lankan local time GMT + 0530). Ashan
was at the University of Colombo on the same day. At what time did Ashan observed the sun rise?

G622 HlLmng euHTeENGGLCUTEH Qeu@dld Gy yelulwed BHensouiled
2 _6ITeNT6uN]  6T60TH &H(HGHIH. (6.9167° N, 79.8333° E). Slemesl ¢HHaIsH HenLujd Qe
Sllq UMM SQUSTENSHDIT 6T6TUD H([HGIS. LIONUTN6HT 46m 6200km 616018 & (Ih&I.

(Assume that both observes were at the same geological position (6.9167° N, 79.8333° E) when they
observe the sun rise and Ashan was able to see the horizon without any interferences. Consider the radius
of the earth to be 6200km.)

25) Nesteu@ld &hHyefent ULSHMS &GS 66M af&HD USESMSUD HILPL
LUSSSHMGWD NHEGL CaHTE Fe1 Cam@h 6T6TUMS NUSHTENES FalgWIHTEH 2 6168
Fem eul L gHetT 2.1 CuEHer Hengems “a” 616015, 2L HHMEST Feondems “b’eT61s.
SHFIL6T  HIWMISEGD FHATMIGGL  QemLuleomesr  CHMEUID o 616018 (
L OWNeO (BhG LUMT&HGSLGCUTS) )

(Consider the following image of the moon. Observe that the line separating the illuminated side and the

shadowed side is an ellipse arc. Let the length of the semi major axis of this ellipse be ‘a’, the semi
minor axis be 'b' and the angle between the sun and the moon (as seen from earth) is a.)

(i) &HwiesT-gH & F6oT-LeN(P) 6T60TM CHMTEMISHHIH&HM6 CHTeMEU 6260T6mM ab QL CLM&?
(Derive an expression for the sun-moon-earth angle (B) in terms of 'a' and 'b'.)
(i) ehSyesienr Hemevsni FHIHHHL p @60 QUMIS 2 (What is the phase of the moon,

expressed as a percentage, in terms of ?)

*kkkk
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