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This paper consists of 25 questions in two parts (A & B).

D@ BBO wewo wn B 0000 890 09sB8® wewo a@en ¢ B w8 ©idno
moxsiz. Use the attached blank sheets for your calculations and also to answer the questions
in Part-B.

Buo® ydm DR 0®® yd» vned® BEnT| wuws 8w W Drnw 8Dl Swiw
BB 51 @O WIS GCTIB).

Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
examination.

Oem BBIE IO ®E wim /Electronic calculators are allowed.

yewdsnds ¢n [ Useful information:
aecdmed edvw / Speed of light c=3 x 108 m s/,
080y QotmEanm Bwme / Universal gravitational constant G=6.67 x 10-'! m3 kg-! s2,
Solar Mas/g8wwoed efmaide Mg=1.99 x 103° kg,
»waE Bwmw / Hubble constant /=75 km s~ Mpc™t,
pecedimwm &mse / Mass of electron me=9.11 X 10731 kg,
853 Bedhowm Bwmw / Wien’s displacement constant = 2.898 X 103 m K,
300misy-0ad 0@y Bwmw / Stefan—Boltzmann constant =5.67x10-8W m-2K-4

8o 8808mmesd 9100 ©nddewrst -G8 85T g8 ydme AR BEHT wuwsIm.




A 200t | PART A

A om0 18 y@dm 20 O BEnS e518® e 33w 1B BENT 85w 08m1 HOBIH. @@
8¢ & g8 DS en DB DL 8358® ewd B0 DSenw @m 8O R 0g® 8Eno vned
D8 e oI,

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. 8doed ontn Sddisme grldned
Cosmological redshift is the result of the
(A). BdDed ywidenw B / expansion of the universe.
(B). @88@c memuns Beo / supermassive black holes.
(C). B avensy Dm0 v®sT mSs) Heso / galaxies speeding away from us.
(D). 9E-8B88 w®axIw Beo / Tully-Fisher relation.
(E). »sd3m BEw0d / nuclear reaction

2. 3» emy®O»eEd MO LeWo @5 FBw DMed ;| addwcdmO e WwHdD
For main sequence stars, the general rule is: the higher the surface temperature, the

(A). »5ed 838w efed / less luminous are the stars.

(B). »oed 888w :8ed / more luminous are the stars.

(C). »ced dnstae O8ed / greater the masses of the stars.

(D). o&0x ayc dmed 855D mczne / More common are binary stars.
(E). ovn BEnd; o=ty BDGE exned / none of the answers are correct..

3. FHBosOewrd, 8w 18 sgf 0B vmed no D18V YO e
In which part of the Milky Way are Population | stars like the sun most likely to be
found?

(A). e»c® /bulge. (B). 2583w / nucleus.  (C). desoee / halo
(D). 3w / disk. (E) Beds &domwat sy / no specific place

4. De8s O8O noy eszo / The oldest star clusters are

(A). e0dBw » ezomc; @ / globular clusters.
(B). @5¥coBén emmcied / galactic clusters.
(C). 8oa» emamyo @ / open clusters.

(D). w¥estm= moy / the Pleiades.

(E). Boe o® Dwedde / all are in same age

5. Zubeneschamali (B Librae) 16200 BgV 0w gus 0. o8 888w 130 Lo O @50 cawxs
2d BEsOw V = 2.6 0. ©® 50200 ¢ 0 emes®en @d¢? (1 pc = 206265 Au, w»
Bored cawxs 8dnm Banede (-26.7) & ocs B8eH»BID.)

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)30p (D) 40 pc (E) 200 pc



6. 0®® Ged gEedn Boen wOVemsy Eedn eds D8nw Dned
The type of telescope shown by a ray diagram in this figure is

(A) Newtonian s > T
(B) Cassegrain N il

(C) Coude -
(D) Maksukov
(E) Schmidt Cassegrain

7.z enpOmed a8 K 560m 848w 0.4Lo 0. 0®® 55ed Sedywe 6.23 x 103
W m? 20 B’8Fsws »dm Ce. »OOO B ¢0 emu®enc? DigendBw DEH® eBNWLEE
wB8wwim.

A K star on the main sequence has the luminosity of 0.4Lo . This star is observed to have
a flux of 6.23 x 103 W m™2. What is the distance to this star? You may neglect the
atmospheric effects.(Luminosity of the Sun Lo =3.96 x 10% J s).

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

8. ©wm P 3RO wed HGOES DO MO DEDWO BG1O D& 8o e BIw
wBe?
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. wuwn (A) 98 ¢Fedxlery 1 O 0mwd gws ewdBd JOES DICOD eEIm OB

58N 0wB. Boed Boedwms 83m Banedw M =5.0 & 58, 9® ewdd SOE® D0mDD
B 0 eIy Daewsy ems®ent ? (B) Giow 9857 0wdd SOEs mdm OE Edm-
08D B B ed.
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.
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(A) 2 pc (B) 20 pc (C) 200 pc (D) 2000 pc

(E) & a8 ¢r¥m 5®0en0s myym. (Given data is not sufficient to solve)



10. =myc o0 ORTew DEHOBwm ud® mOvFwI®w 1.1 mm w» HiRewsy 2.7 K »
maden Dfr) OB OPwW ) WEAWW GD. WOB mTo® dw®wme 88w A mSed
D8 DBl ¢80 mTon gr1w®w(cdensid 9940 K) 880xexie ?
The microwave background radiation has a spectrum which peaks at a wavelength of
1.1 mm 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)  9036nm  (B) 335nm (C) 299 nm
(D)  34nm (E) 2580 nm

11. ¢ebFews ©8sF 800 nm 500 ¢wr®w w8md awe BoFeene w38, SOded
BEmO®®»®w 5 m . &8 emddum Sodcmrs ROBC?
A telescope, observing in space at a wavelength of 800 nm, has an aperture with a
diameter of 5 m. What is its angular resolution?

(A) 8o 1.95 x 1077 arcsec (B 3w o 4.03 x 1072 arcsec
(C) &m0 1.95 x 107! arcsec (D) 80 1.6 arcsec
(E) 8= 2.8 arcsec

12. 985 gvocimwen 8850 60d0e 30 km s, 560 sw gwecdmem amd ¢ 3 X 101 m
0. O® n01eD FPBTVB e ene?
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 101! m. What is the mass of the star ?

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

13. Curtis es» Shapley emc @88 "®0o 80oces" nEsT 8w BSsVw eved BH3 DO
0238 9w & . O® BiFsenw »Oebe?
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). 088 BOEs »0 geryms ¥R DESY ¢Samwed® / cepheids had been seen
in other galaxies.

(B). ¢BE 88z o 8w o8 s o3d® / dust reddens star light.

(C). @e®wE endBw md eI Gamned O sFH®m 8O BI® / most
globular clusters are on one side of the sky.

(D). e388Eam00 BBz e g®@enw / spiral nebulae could be seen to rotate.

(E). 9w BB esned / all the statements are incorrect.

14. 560 D 9RBwamIs B8Ow®D VOB OB YHEEIDWD 00w cuedEmadrde (1 AU)
30 km s ed. o8 Berd@madwde (3 AU) edow m®nic?
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 s (E) 156 km st



15. &dmstdw @b dmsid 1 & ww ¢dw 10 km O Byegds m610m sadlde @m0 Dwdm
838w BT 109 36080 y@remw vBm 00. O® sddBed 83 BYmDL ems®enc?

16.

17.

18.

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)  1.32x10" W, (B) 1.47x10°W,  (C)1.32 x 10 W,
(D)  47x10B W, (E)8.3x 102 W

OB wwm EDIRe, HBETB DO &8 @dw edmE DEE ecmO 8O Dwidn B
a8 eI, OO DR 2 amd, B0 DeEers’ 8Om wi gunssIind DgCeRs
PRED BTG D085 & 00 B. OB el YO D,

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?
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g8 g amEOemad 08s 1.2 X 1010 0nmc®. yim amm®e mcm L <M
SIR-8dn  ©8OITIEO eamyWED »Bedd »O, ZMo O» »OO® FGDICH

@mB®enc?
The Sun will spend 1.2x10'° yr on the main sequence. Given that main sequence stars

obey a mass-luminosity relationship of the form L «M3®®, what is the lifetime of a 2Mo

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

88wed m0med gud@wsin emdens 0. 3777 »®, 88wt m10med 08O Datremw

@e0WBID).
If the parallax angle for Sirius is 0. 377” find the distance modulus of Sirius.

(A) 2.6525 (B) -2.88 (C)53  (D)-14 (E). 400



19. 560 wewo My, =5.0, 98 @os ¢ 64 pC. ¥© nGEd BledHs edfeEie®ed
Bancwenm (M, ) ems®ene

For a star withm,, =5.0, the distance (d) was measured to be 64 pc. The absolute
bolometric magnitude (M, ) of the star is

(A). 1 (B). 2 (C). 35 (D). -14 (E).5

20. ¥2E 2857 @B Shhed cams @0vDw amd DEBmJeme ®Om 8. vvB weWnsY
F8sy O» OsieBe  O8vw wdFed O88m0enwed e  e50edc?

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

(A). @D1508 @50 / Peculiar galaxies.

(B). e3858comnc @s3coR € / Spiral galaxies.

(C). 9EBwomns ®x¥erB < / Elliptical galaxies.

(D). ceBR-cocomac @I / Barred spiral galaxies.
(E). 9ovn R8O @z0ned / None of the above answers.
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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 e = @
B. Improper way of marking / darkening / shading ® © @ e ®© @

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

PART A
1 ONONONONG) 16 ®6e 006
2 ONONONONOG) 17 ®e 006
3 ONONONONG) 18 OCNONONONO)
4 ®® OO 19 ONONONONO)
5 ®® OO 20 ONONONONO
6 ONONONONG;
7 ONONONONOG)
8 ONONONONG;
9 ONONONONG)
10 ONONONONG;
11 ONONONONG;
12 ONONONONG;
13 ONONONONG)
14 ® 6006
15 ®® OO



21

22.

B @2%0¢s | Part B

3B elm e @wHnB BT vun yadm DEO B8 wuwsim.
0:® gRedm BENS 85w guEsT ADed MO W SI® Gomw BENST WOBIH.
(Please provide your answers to this part using additional sheets.
Write your name and index number on top of each and every additional sheet)

Jovecimem Sowle B0edvw wy O=e?
What do you understand by the escape velocity of a planet?

80w Y BTV salBed e ¢l s®e § gyecinwxs 8¢ 8nsIm. 8 @8O
cEdemnDw 800 K s@em 00. 90 guecimed Digeniced Ruiiessy Digd Bdw vwile
emBe W O eustOED. (sinded dewle yedns 11.2 km s, ead 0@y
Bemae k = 138 x 107 JK! o 95845 0c amm wide 53 x 102 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 1026 kg.)

s W @B yEGdewsy BBOsOed @B ouddd SOES »0mdm Boeds
BREBIG 3 Gdm WICW m0 Gmw Bosens mOE.

The following graph shows absolute magnitude as a function of period for classical
Cepheids in the Milky Way and other Local Group galaxies.

Cepheid Period-Luminosity Relation
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s0AS ¢ e Ope O8s WEouded ¢ 0B DOEBL mOOWO B O
@LIBBID).

Ascertain the distance to the classical Cepheid variable star found in the Milky Way
galaxy having the following light-curve.
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23 (a) ©8wo w101eRdO gomned &1 om0 DESY EBBOFO m6m0 Driery BBwe nG OB
(o Canis Majoris). 8 gw®sim emdess of p = 0.377” ece Bi¥Fvewms »S a».
8woed 80 dwd B ¢0 wbewnl @8nY ewwsIm
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?

(b) 88wl 29000 B¥ednewsI® ¢SO vnwvm 88D ¢Dw-d G OR. 88w A 8 cams
eadeEIe®B®m B@Ews Mpol.a)=—1.55 ed.

Sirius is actually is a binary star, with a faint companion. The apparent bolometric

magnitude of the bright primary Sirius-A is Mpor,a) = —1.55.

(i) o8 BoedWs odecieo®@Bm Sacmwe =OF? giwed Boods
oddecie®@Bm Smewm +4.75 5O, 83wddd 2dnmde eemme ®OBID.
What is its absolute bolometric magnitude Myoi? Assuming the Sun has an absolute
bolometric magnitude of +4.75, calculate the luminosity of Sirius (in solar units

Lsun)-

(i)¢8Bw BBwed B 8 cams 0ddecdeo®@edndm Boucses Mpip) = +5.69 d. o8
Boede o0ecio®edn®m Bocws ©w S8mmde ©emmE  WDOBIB).
The secondary Sirius-B has an apparent bolometric magnitude Mo,y = +5.69.
Calculate the absolute bolometric magnitude and luminosity of Sirius-B.

(C) 8Bwdd mdmn sddBed mFsw aes SEEed s08» 8nd BB3Fverrsid amnd
$08m s 08z 49.94 0D. O® mIdm ecen ams vlwed Ow gved addw
7.62" @0. 8 wo8w vy gved gdlde m»Feo dwwm OEs ewiwsim. »O¢
omdcleod nuIDm Bwe®w ®idm O sddBed wd®yden dmsIdw ¢gbe &msid
DE>Y @ sID.

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 Bm ©®» Bn 0m) m0m0 ecmm 88Bwesie. o8 Saucwesy 8085 m ww n ed. Jhed

25

2dBwsT wy DuEmrwsy @md wdITTRG v 838 S0mr BE VB D eBTIOBIB.
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

_ 0.4(n—m)

OOBsY ca@s BouEws (M) , Boedwe Saocmw (M) ww 5500 B ¢ (d) swm 388
GER WE OB DO eBBIOBIB).

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

BEBw® dGmmwm BED» mwm & 6 gwed ©. 0. 9.00 O 8dm swn edn Greae
BABDB WO BYD BEHBT YEHOCO BEDT wewnIn.
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) 8BBse®8 cndi, ¢men v 530 B DOBS Ewndsy vnd wEmey mosis / Mark all
the four directions North, South East, West on the map.

(B) eme®0 ¢n8s5Y ond ¢men 0¢85y 0® dhimw 88D Bede? (BERS: «vvvv....... )
Is this place in North of Colombo or South? (Answer:.................... )

(C) 8B8wed8 no 68 10 = semeay om0 »® =m»osim. /Mark and name 10
constellations on the given map.

(D) g8wwo, Ds¥cwo v Bwue gwecim 0@z 0s¥sn cadw @8vw evwds syB DEe
8Bwed®8 ¢g Boion ¢80 98xT efosIm.
Sketch rough band of ecliptic i.e. apparent path of the Sun, the Moon and all the
planets in the sky.

(E) o®@® guw 86 0y gifery O @wede? (BEDS.. 1w ... . )
In which month the sky will appear like this at this time? (Answer:................. )
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