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This paper consists of 25 questions in two parts (A & B).
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Use the attached blank sheets for your calculations and also to answer the questions in Part-B.
BEOD &G DERD GOD Bk BHOHE BEHOL BOM BEO MDD DENEE GONCHE DEIE ERIDGD H)B) GO
0 GCOH
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
examination.

e GmE MO e ®w/Electronic calculators are allowed.

(somm0m e / Useful information: epeeimos 6dee / Speed of light ¢ = 3 x 108 m s™,
600D QoEEmAED Hean / Universal gravitational constant G = 6.67 x 10 m* kg™ s,
Solar Mas/g0emoes emeins Mg =1.99 x 1030 kg , ®2@ wne/Hubble constant A=
75km s~ Mpc™?!, goenodimen sooaco/Mass of electron m. = 9.11 x 10731 kg)

BomnE B0DODMEEE GOO DRNDDCEND QoFE VB Gid HEME DR BEOL BHERD.

A o200 | Part A
A @080 8¢E 0¥e® BEJ emddh 690 ¢€® ewd udz 9o ¢@® Bemdnim
(Answers to Part A should be made by circling or underlining the correct answer on the question paper)

1. 8w geodd 088 ySonwd wdn go@ 08vw ROC?
What is the most common particle in the solar wind?
a) H' b) electrons c) alpha particles d) neutrons e) leptons

2. ousiedd8 A n0ed ybse erI8s qudsimas 8 0.76 = 0. e®® »GOD ¢ ¢J eEI®
D8 BT Omed,
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



3. Type | w0 Type Il gudesydor B8yai® 0dsimd wepn 0B3e® sun Yeedrnsied gdeordsm
@82 B end 53B O wCHEEO ©B.
When differentiating between Type | and Il supernovas, the presence or absence of the following /g
element in the spectrum is considered:
a) H b) He c) C d) Ne e) Fe

4. o0m 61 80nemsy edsIesy mo e @¢mm HR 00wst ecmB. S0 addsmre B8e®@xy
OCBs »(B Bodnrw 8z pO=we?
Following figure shows two H-R diagrams of two star clusters. Which conclusion is possible by
observing the figure?

Cluster 1 Cluster 2

a) number of stars in cluster 2 > number of stars in cluster 1
b) age of cluster 2 > age of cluster 1

c) distance to cluster 2 > distance to cluster 1

d) luminosity of cluster 2 > luminosity of cluster 1

e) none of the above.

5. 0w e¢m®O & ¢O BB Shed,
If two stars have same distance from the earth, then their
a) ca@s dn Banem @ B@med.(Apparent magnitudes are equal).
b) Boeds 2dn Baerre w@xed.(Absolute magnitudes are equal).
C) ¢cams Edn BanEd @m0 edmw Boeds E8n BrEs ¢nd Dm0 8&ED.
(Difference of apparent magnitudes are equal to the difference of absolute magnitude).
d) cams emdBm Sdmdww w@imed. (Apparent angular diameters are equal).
e) owxn RBO ezned. (None of the above)

6. a5indm8w @uE 052&B »HO® HGEOD s &dm B M* 0d. &8 B3FE» 2dn

Baemre M 5®, (M — M*) esfemns? v@edsiesT,
In the absence of any interstellar medium let m* be the apparent magnitude of a star. Let m be the
measured apparent magnitude of the same star. Then the value m-m* is called,

1) BoedSe eatdm e (absolute correction)

b) estndmBwe eatdme (interstellar correction)

C) oMeci®Bn eaddmw (bolometric correction)

d) @deadse eadmwe (absorption correction)

e) &Id» Banes enddxwe (Magnitude correction)

7. eumyd OCE 8dBw® 9uE 8O v¥YEO eBHI® weHOBRST Yim ede?
How thick are Saturn's rings from top to bottom?



a) A few tens of thousands of kilometers  b) A few kilometers
c) A few tens of meters d) A few million kilometers
e) A few hundred kilometers

8. 800dnm cebdevm gdomend SdmOvw 60 (M ed. dOBemmO 40 CM 857 @B o s
(A = 6.8x10™ cm) zm&» Oy e ¢ceduw BES SBeDBS wsH® Dedemrsd e B®
vusen RO ¢omec?

The objective of a reflecting telescope has a diameter 60 cm. At what distance would two small
red (A = 6.8 x10™* cm) objects 40 cm apart be barely resolved by the telescope?
a) 28.95km b) 10.62km c¢) 60.00 km d) 1.22km e) 2.85km

9. 200 YVEEWD BWBwW @Odn WmEw ¢ddg 560 D ewiwnsizn 8. dw o B wm
200008 w msed ¢dd O gFeed 8n DrienT,

The orbital period of a dwarf planet is found to be 560 years. The length of the semi-major axis of
its elliptical orbit around the sun is,
a) 3.8 b) 228 c) 679 d) 131.2 e) 6.79

10. BgJend O¢ dmside m, = 107°m, 58, 8d0ed aed; 8680 y@imw 830 wewr adas Oz
ByJeryd y@» wandwe (n,) dned, (8dde smE a0, 98 25% acst 880 ¢ 20
CBDEBBB WOBID. 806 DPFDeE ©301Ds § BB @O 8381 ©D.)

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) 11x10%m3 b) 3x10°m® ¢) 24x10®m® d) 1.5x10*m® e) 6.2x10°m?

11. 980 cdes’Dw 25000 K 0 5610 c©8® 8Ben BYmdw BOmon casTesy mO5 500
$0ed8c? (90D maden DERDN o wEw Ived Bwu®ws vdn mOrIm, 8z Beme =
2.898 x10° mK.)

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° mK\))

a) 0.12um b) 0.22 pm c) 0.29 um d) 0.33 um e) 0.43 um

12. g8ewied cams BaEslOw My = -26.81 ew ©wd @B ¢ AU = 4.848x10° pc 68 5@ gSwwied
Boede SanEsow emsd®s 0d¢?
The apparent magnitude of the sun is mgyn = -26.81 and its distance is AU = 4.848 10-¢ pc. What
is the absolute magnitude of the sun?
a) 4.76 b) 5.86 c) 5.63 d) 6.78 e) 83

13. 8Bwed m510D gewd®sim emiens 0.347” edm® ¢6 @iemw oewe?
The parallax angle 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, g8wwd Din an e R 5T w1 OE DB sT Yn B0 DriesT,
Which star has the higher luminosity and a lower temperature than the Sun?
a) Rigel b) Alpha Centauri c) Serius d) Aldebaran e) Benar’d Star
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15. goum DEEeE 883 goum ecms @m0 {00 qusImn® gnw Kwe?
Which is closest to the average distance between asteroids in the asteroid belt?
a) 100 thousand km b) 1 million km c) 1 thousand km d) 10 thousand km €) 10 million km

16. o dmztde 1 X 108 Mg 95 588 Sac »d @puwiwm 8ID BO OeEC :RCHD wo@ims
BHIOG Omed,
The mean mass density for a super massive black hole with total mass of 1 x 108 M, inside the
Schwarzschild radius is,
a) 1.85x10°kgm™ b) 3x10® kgm? ¢) 2.4x10°kgm® d) 9.0x10* kgm®e) 5x10% kgm?
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17. 1998 828 1 8» gedmed guws 20.721AU ¢oBs 88 By, o8 ddm®wnwe 25559 km »®
085 wedme guwed cans el hm BCETDS ®E DEST emn®ens?
On January ™ 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. m0m00m gDwsy om® 8B s¥m YR BEWBID
(A) 8 D600 dmsTVw @ Jeo 8dB
(B) 26m00d gE dmsidas e dmsid) 1.5 O mdmn gduwimed & Bydeddm no@n
D0 sed.
(C) 260D G dmside e dmsid) 1.4 0 88 m10m% &g D05 50D DO v ©d.
@®Ds am8sY D168 drieny,
Consider the following statements on the fate of a star.
(A) It depends on the mass.
(B) Star having a mass of 1.5 M, will eventually be a neutron star.
(C) Stars having a mass less than 1.4 M, will cool down to white dwarfs.
Correct statement/s is/are?
a (A)Only b) (A)&(C)Only ¢) (A)&(B)Only d) (B)&(C)Only e) All(A),(B)&(C)

19. Q) GrBed BBBOFN® mSmd Dryesy,
The brightest star of the Sagittarius constellation is,
a) Sirius b) Kaus Australis c) Antares d) Algieba e) Nunki

20. swm 1,2,3,4 61 @87 ¢ @ madm Go& BEeDEsY
The star constellations indicated in the following figures 1, 2, 3 and 4 respectively are

1 2 3 4

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

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

e) Canis major, Leo, Scorpius and Orion



B @=00¢ | Part B 418

2B8edm R 0wHnBBE vun YE» DEO 8ERT wuwsIn.
:® gBednm 8EnT 8nwm® 9wEsy D DO w5 So® Gom®6 BEWsT WOBI.
(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, 2850 »6 s800ed ©w@Wd Bwdd DEE, O mGd® 8080 gem HO® Om»O W 93
“accretion disk” eocmy 8. @» dmsided 80 R ¢omd, gmvvined 8O g Dedm» M
BT RED DCm W BB v DO @FBe svm 3ydsy @i @d.

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

8De0mede EWBTDG D0Eed madded 918 Diem aBe mue oRH B8OWomSns w®
gomdwm SRCes Bmamcd. dM/dt §emwdBs? So8sme D5 80 Diem amfBw muswe DO
s58e® Begmd [1/2][ dm/dt]v® ©8, ve®z® ‘accretion luminosity L’ ews ¢omns o.
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

1dm GM dm
L=-="v?2=""=—
2 dt R dt

Q) BD0dOBEFR 80w(8E8 BO DeER) Is O & mwiwm 88Bw svn aydst ede v
29 esstdsym. Show that for a black hole with Schwarzschild radius rs, the luminosity

can be expressed as
= Isdm 2
T 2R dt
dm 2

L=¢ vl

008 £ vy, BROE dBsTds 8BGO 8808w So® mbwe®mbde eC® OB V.

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

luminosity.

(i) e Sostd oo ©Bn ads 5 X10° M enpwed 0 ge DO DCEdD &
mSeme®mds, & ~ 3 X107 20 custsis.
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) e G Omm @dw 10 kM enp@es o8 Byedds »6OD® mEee®mDs
ROue?
What is the efficiency for a solar mass neutron star, with radius of order 10 km?

(iv) PP @em aEBse Rewd So® mbeme®mds O & ~10° wde Red B8Ens:
eweesiosy omeds?
How do your answers compare with the efficiency for the release of energy via the p-p
chain, for which & ~10%?



22. 880 gowsy D2 DurIn Syde vwnm werwsy O O “ ey (G08) 7 ewsImed 880 c8.

The vernal equinox was near the following “Nakshatras™ at different epochs.

Epoch Constellation Mean a. (1900) Mean & (1900)
1900 Purva Bhadrapada 0 0

Siddhanta Ashvini 1" 55" 20° +21° 39’
Yajurweda Krittika 3" 40™ 32° +23° 52
Rigveda Mrigashirsha 5" 30™ 11° -2° 29’

838D 8.BEBw cBewed@ OB gwm eIz O O Yo O BJTs, wydede,
2 ede wew WY BEww DITID. eas glows Boan baomo 49.66” ces e, (9Bw: o wo B, A ©

WoDBIDY )

& wcw swm DD enIEr FomdewmBAm wO®ITVW e@wig OBIB).
Using the phenomenon of precession calculate the times of the above unknown epochs,

CNP

Celestial
Eauator

Siddhanta, Yajurweda, Rigveda. Take per year as the mean constant of precession.

(Hint: convert o, 3 to A). Use following spherical trigonometric relation

cosficosA = cosdcosa

23. Bue yds wewvo BEnd wswsIm. Answer all parts.

(i)

(ii)

el 8B 5o B8we A 0D. dw salBews’ @wecim 08 8.6 ¢85y 88 ai».

©®® ¢6 tmwsim daews’? 8 X 10 M 88 custosis.

Sirius A is the brightest star in the sky. It is 8.6 light years from Earth. Show that this

distance is approximately 8 x 10 m.

5857 88wed A 2a88ed 80 A8 ey me 80 98 BYmdw nemmwe mOnIm. B8wed A

8 2dmm00 0® 1.0 x1028 W,

5/8



24,

(iii)

(iv)

v)

Hence, determine the intensity of Sirius A as seen from Earth. The luminosity of Sirius A
is 1.0 X102 W,

wbwwr &8 805 mEw ¢dwy Wwnedd s 8Cwxm 100a ¢ &8 ned BEw®
¥ © O BOPR DO ved. O® dWsed b BBw® gdyeien O 8O &8 waddw
cEemDs OF D8n®m gos Oz 5780 K 82 3160 K ¢80 wo adw 6.96x 10° m 80 1.26
x10" m e300 @8 0.

008 eDHWD® wigm emOend wlwwed Smmd 3000 gardsy gveg wm D
essIDBIB).

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 10° m to 1.26 x10™ m,

Show that the luminosity of the Sun will increase by a factor of about 3000 due

to these Changes.

»8OBBao-CesE wowm swm qed. A Hertzsprung-Russell diagram is shown below.

8ww gc 8DAH BBI® gum wdwes’y " X" ewic sy mIsIm.

8w 08 BEO® 1w 8Dy®iem § 80 BHI® oo B® wew gun (i) 8§ Bemdw
@wgr ®B 8w, O© BHI® “Yersn oy mOnIn.

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.

8B8wed A 8 ®nw nE>T ©:® »ucwmO® D aBe 2D 8808nm e D L@
OHBB DHOBID.
Calculate the mass being converted into energy in the core of ‘Sirius A’ every Second.

@b 21 05 €5 eme® »vowd 10km euEsy dsy wimwm VOB 83» a¢®E dyed
RoeEIEed eDEeDsY (§ Comed ©8®dn Bdecdy edc® GMT + 0530 ) es. d. 06:01 8o,
c0 BB Fsenn 3B, 008m omegd® ddD Soxced 8% arist wd By ¢¢d BiFvenws »E
B D53y Bwde?

(BB8Femesy @cecsn® 80 0 AiFsens mcx 80 O»® 889®» (6.9167° N, 79.8333° E)
8O 20¢ gasy HO BBO DWORBEY @000 BBHSw AiPvens »E VB D BECHTID.
sa88ed ¢dw 6200 Km eces vxsis)
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25.

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?

(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 interference
Consider the radius of the earth to be 6200 km.)

7/8

8 a8 O5¥cwed Bt BE®EID). O8 adde @ 801 EW ¥ Gifjw 005 mOm e80d
9BSBw Drsw woexy ayc: BBFWeveww WOTIH. OO 9gELwed b O afes A’ @CELe o Owo
ates D' e g8nwr v D¥ewr 8md emdenw U ECEHE HVBID.

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) Bo-053¢w0-2a88w a@nd emdenw (B) wewo gmam el a v b agessy ewiwsis.
Derive an expression for the sun-moon-earth angle (B) in terms of 'a' and 'b'.

(i) O¥e D P aecs’ yBan W e Y@ WOBID.
What is the phase of the moon, expressed as a percentage, in terms of 3?

*kkkk



