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This paper consists of 24 questions in two parts (A & B).

D@ BBO wewo w B 0000 8En 0 091sB8® wew a@en ¢ B w8 ©idmo
mosyz.Use the attached blank sheets for your calculations and also to answer the questions
in Part-B.

Buo® ydm OE0 0®® ydm vrned® B8EnT wuws 8w mEE Svrnw &dwmedwde Swim
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.

Dem BBy O ®E i /Electronic calculators are allowed.

yowdsm O ¢xfm | Useful information:
aecdmed edvw / Speed of light c=3 x 108 m 57/,
080y otmEanm Bwme / Universal gravitational constant G= 6.67 x 10-'! m3 kg-! s2,
Solar Mass/g8waned emeydes Me=1.99 x 103 kg,
»aE Bwme / Hubble constant =75 km s~ Mpc™1,
pecFedimwm 3w / Mass of electron me=9.11 X 10731 kg,
83 Beddem Bwmw / Wien’s displacement constant = 2.898 X 103 m K,
800msY-0d FOed®sy Rwmw / Stefan—Boltzmann constant 5.67x10-¥ W m-2K -

8o 8808mmerd 000 95 dDewrs @-§8 A8sT ¢1B ydme A BExBT wsuwsIm.

1/11




A ez00es | PART A

©®® emded yam 20 wew D& B8 Domw emdd a@syn ¢ ¢BH0 vyewrd 8€noO
8 08 OBy 0B85 wOWsT WHOBID.

Select the best answer for the 20 questions in this part and mark your answers in the
attached answer sheet by darkening respective the circle

260m ¢d d = 100 pCc O s 8 cams SonEsOe M = 6. 88 Boeds Baesdw
2®=9¢? | The distance of a star is d = 100 pc and its apparent magnitude m = 6. What is its
absolute magnitude?

a) -20 b)+20 ¢)-1.0 d)+1.0

. { Herculis 0158 5002000 m00m0 856 g0 1.38” 00. {0138 00200 56 eemm o
Bedemn WO ¢BROO codfvwm BIdeyn DEdmOve DO 8t ¥ue? dO5B mMSmed
Be®idn Dot B0 #1w®r emg (A=550NM) &8 comEsmw ®OsID.

The angular distance between the components of the binary star {Herculis is 1.38”. What
should the diameter of a telescope be to resolve the binary? Assume the wavelength of the
emission color of the binary is green (x=550nm).

a) 6cm b)8 cm c)12cm  d)16cm

. DO CoBewrd 2B8BOTO mcmd n®xI¢? / What’s the brightest star in Scorpius?
a) Caster b)Antares c) Acubens d)Aldebaran

. ewmdied 0dn mEw wand 088 29.447 v a8 ®wi gtew 9.54 AU 0. ewmgsied
FosiRw (e oIl Mg 08xY)oned,
The orbital period and the semi-major axis of Saturn are 29.447 earth years and 9.54 AU,
respectively. What’s the mass of Saturn in solar mass units ( Mg)?
a) 1.7x104 b)1.3x103 ¢)0.0015 d)2.3x10+4

. 838wwo ey 2a88w w®® YuecTmw® (ewd OxYgwr) Bedn gummded eugnEde®

8B 80O ecm @m0 R B80Mmiw e®ed wewsy ed:
The time interval between two successive occurrences of a specific type of alignment of a
planet (or the moon) with the sun and the earth is referred to as:

a) conjunction period/ esc@wdsz E Besw

b)  opposition period / gBewde mE Biesw

C) a sidereal period / »»Sws5) moc $80edcw

d) a synodic period / 8es»n&= mc s80edcs

a0 O5¥cwm D endeddded mcw 0.3189 d 0 ¢nd mfeed ¢dw Becd®0s 9370

B. gonded Enside ROW? gvno 8O® wwew 8O endeade PTG emLCH W
B 38 cemEemr8 ®IBID.
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The period of the Martian moon Phobos is 0.3189 d and the radius of the orbit 9370 km.
What is the mass of Mars? Assume mass of Phobos is negligible compared with Mars.
a) 5x10°kg b)2x102kg  c)7x10®°kg  d)4x10% kg

7. 380:8(as0@mx) DEmw ®wewr vwm JBs wow dxfest m®xf¢? / Which of the
following is TRUE for Retrograde motion? /Retrograde maotion is:
a) caused by epicycles/a8ozx Beo eBed
b) undergone only by superior planets/ 80» gwecdm ©8s) @ e 8¢ ©d
c) undergone only by inferior planets/ enc» gvecdm 985 @ = 8¢ ©d
d) an effect due to the projection of planet orbits onto the sky/ gwecimdc
DBBB YW Yoduamen OO Bwr 180D dEH® B.

ygdm gom 8,9 ww 10 wews sun G ©dnm ®OnIn.

B&BDed ¢DwI) Cm® GDR-MEEE WD 5138 Bw ©n Cep OB, e ;® $18Rw O
DICBOH 8100057 DFDed wiedne EEHO® emeds ACH® e wod. diued, A, B, &
C oc® @ w06 @B pO8m 5508857 n 8w BFDeE wiedne y@ienw (0O O30 mE®
@CE YIowm WS .

Use the following figure for questions Number 8,9 and 10

The ultimate fate of the Universe depends upon the overall geometry of space-time Each of
these geometries has implications for the relative size of the Universe as time progresses. In
the figure, the relative size of the Universe is graphed as Distance vs. Time for the three primary
geometries, labelled A, B, and C.

Distance

S~ Time
Big
Bang

Present
time

8. Adpw B&dnd mosies’ mOs gumnded Budwxse? / Curve A describe which type of

universe?

a) Soam, OB BdDw wewO® yesemw @ / Open, where the Universe will continue to
expand forever

b) Flat, where parallel lines never meet. / e®@» e, @®sins e&d BBSeOm »& ezned.

c) Closed, where the Universe will ultimately re-collapse/ ©1g3z, 82 80w ¢dwomed
NOB D D@0 &#1B

d) Parallel, where multiple Universes parallel to our own evolution/ es®s¥m0, esed
88 e000wd ©8@5IHC DNDL BBOWGSY

9. B 9w 8w mosTery nO» gmnded ddDwx’e?/ Curve B describe which type of
universe?
a) Dap, 0B BDw wewO® ywidenw @ / Open, where the Universe will continue to
expand forever
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10.

11.

12.

13.

b) Flat, where parallel lines never meet. / ®@nc, @@s3n06 0&ar BBBeOm HE e0ed.

c) Parallel, where multiple Universes parallel to our own evolution/ e®=ms, ased
38€00wd ©315IHC AYDR DBDWSY

d) Closed, where the Universe will ultimately re-collapse/ (g2, ©82 8&ow gdeomed
N OB W& D@0 #1B

C omw Bddnd mistes? mOs gumnded ddDwwle¢?/Curve C describes which type of

universe?

a) Boap, 82 B8P wewO® yedesw @0 / Open, where the Universe will continue to
expand forever

b) Flat, where parallel lines never meet. / @5, @350 0bd BB »E evned.

c) Closed, where the Universe will ultimately re-collapse/ 91832, ©88 8dow gdwimed
O BemIOBWG OB YD

d) Parallel, where multiple Universes parallel to our own evolution/ e®=m0, esed
©38€00wd B IEIHC AYDR DBDWSY

&8 m0m0mO ¢S 10 PC O @53 ©.COMOR BREH® emddhm edIB® 7”7 05 s
DENO e 0050 17 00. m38w mE0Emw Ded 100 B. ybw dmsid) OEsY §Os-8
D0ED FDBIRB Boenw mOBID. (¢ams 80000 m8w mEw COI® 8 cuvmFvmw
A8®.). The distance of a binary star is 10 pc and the largest angular separation of the
components is 7” and the smallest is 1”. The orbital period is 100 years. Determine the mass
of the binary in terms of the solar mass. (Assuming that the orbital plane is normal to the
line of sight.)

a) 64 b) 86 c) 4.8 d) 10.2

DSz Eddington limit svs w8mdens @8s neamw m»ox ced. / Eddington limit
of a star can be calculated by using following equation
4nGm,C

Lggq =
oT

92 8IS eB6E D2 D2 Be RO 833618 6B 4.

Each term of above equation represents its general meaning.

Crab sFwided dmstw 1.4 Mg w1 8w @B g6 2200 pC 0 @m0 egdeddmnem dmside
1.67x10% kg ®. o1 = 6.65x1072° m? 50 , 22908 B8Feme=no Crab s wised
cOOm® 8Bl BiFvemw mE »B 806 (90 wmHTDw evwds BYmDW)
ems®es¢? /The mass of the Crab pulsar is 1.4 Mg and it lies 2200 pc away from Earth.
Mass of a proton is 1.67x10" kg, or = 6.65x1072° m2. What is the brightness (flux
density OR intensity) of Crab pulsar which can be observed by an observer in Earth at its
maximum Luminosity.

a) 3x10°Wm2 b)3x10°Wm2 ¢)3x10Wm2 d)1.5x105W m-2

9538w0ed aOMOS O EEBw amwr@ 28.610 N ww edwra 77.210 E ne 880 am.
000 EEFE »HIwd BB OB VYR VOB WOLOH WYL ETNEAD IO
DB aow Oned .

The latitude and longitude of Delhi are 28.61 degrees N and 77.21 degrees E, respectively.
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14.

15.

A star at which of the following declinations never rises over the horizon in Delhi?
a) 60 degrees Db) 45 degrees c)-45 degrees d)-60 degrees

BB W Boed 8O PwuuBO @i ¢oRsT 88 Beanm 20, guideBed
D86 000w 0¥ 1.5 gevwm 0DHwBsT WIBS wecim mc KO WD BwisIdnw®m
0w 838. snn wewsy DO SO DD GHBOI® I BB 810 E€ W38 ?

When it is about the same distance from the Sun as is Jupiter, a spacecraft on a mission to
the outer planets has the speed that is 1.5 times the speed of Jupiter in its orbit. Which of
the following describes the orbit of the spacecraft about the Sun?

a) ©88E168 - Spiral  b) Lax¥mzmd@ - Circle  ¢) 98de0m058 - Ellipse

d) ©0608»& -Parabola

880 ©5YerB DR 88BEC 9t 8 BE 81wl 0B, Owd oind n®xfe?
Spiral galaxies have spiral arms with a distinct bluish color, caused by what?

a) 90 cHH® asind mSm @dswes /A very hot interstellar medium

b) ®mB» v ededd mc; @:2® / Recent and ongoing star formation

C) Bcdem8n § 188 ewd mc; / Blueshifted supergiant stars

d) ¢B8 ww» ewedd aeym Dcime / Dust and giant molecular clouds

16. 9@ B BwiBmdm el 851086 B Dednd @ Bw wiBe? O® Dedndd on vB

17.

c 80 dnsidwe m®=¥e? / What object is left at the middle of a planetary nebula, and what
is the largest mass at which this object can exist?

a) White dwarf, 1.4 solar masses

b) White dwarf, 3.0 solar masses

c) Neutron star, 1.4 solar masses

d) Neutron star, 3.0 solar masses

e) Solar system, 3.0 solar masses

BdDed vmynfdw D8 ©O0L0 Db af) »® dddw: /If the density of the Universe is less

than critical, then the Universe:

a) gleomed 5O Wt D1edyr) em. / Will ultimately collapse back in on itself

b) owm Bednemrw wewr enesIsn edndn w@w &SSBm Bw grw / Must be static, with
an unknown cause for the redshifts

C) ®wewd® ywdemw 5y ¢ / Will expand forever

d) eodEs 8e gnw / Must be spherical

18. ¢e wandoed dnxidw 005 ecpemen wy manded gde 0@z 1/3 O» gveEWwm

Bewdn yedons ewiesis. / Calculate the escape velocity from a planet with twice the
mass and 1/3 the radius of Earth .
a) 9.2km/s b)11.2km/s c¢)13.7km/s d)27.4 km/s

19. 93¢ BB B oo D8edBwum gm0 &8 own ddwsme 1 0. e®®

OB Bw OB Cedm e B00 Gwde ewwnIm. H gdor 8 wos md-e
&20®a 656 nm ©d.

When taking the spectrum of a galaxy with redshift z = 1, the H-alpha line (A = 656
nm) appears at what wavelength?

a) 32.6nm Db) 326 nm c¢) 656 nm d) 1312 nm
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20. @¢e5(®28 21 2 88Q 0D0sIBE, 42 ° cned 883 AlFemwwn S8 gbwewied
CBBIDRB O NE YEDIOW D8 018sY eusIn® mirtesy n@=RBxy¢? / Which graph
best shows the altitude of the Sun as measured by the observer located at 42 ° North, at

various times on December 21 ?

a) S -

Altitude of Sun =}
5

o 1 T T T
12am. Bam  noon 6 pm. midnight

Time on December 21

b)

N

o T T T =1
igam, &am RSN & prn, midnight

Time on Decembear 21

Altitude of Sun {7}

c)

d)

Altitude of Sun (7)

20 =

I

12a.m.

T T T T
Barm  Ason & p midnight

Time on December 21

Altitude of Sun (%)

i) =

45

£\

L]
12 a.m

T T T 1
& a.m AN & . mids .ighr

Time on December 21
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B @z0e | Part B
38e8m @R 6wWHnBBsT sun y&» OO BERG ssesIm.
2@ @Bedm BT 85wm® guEsT ¥Ded 5O 50 Sw® Gome 3EWST WIBIH.
(Please provide your answers to this part using additional sheets.
Write your name and index number on top of each and every additional sheet)

o®® emded yax OO BEno t51386® 8 sun ¢fm yewulsmdnf 8e wifle cvesdd

You may use the following information to answer questions in this part

For Speed of light, Hubble constant and Wien’s displacement constant please refer the data on
page 1. Other Information: Effective temperature of the Sun = 5800 K, Absolute magnitude of
the Sun = 4.83 mag, Obliquity of the ecliptic = 23° 26°’, Radius of Earth = 6378 km, 1 AU =
1.496x10 m.

21. yoo> ey®8® B O drwy EE (Ims) O© BoEd dBsIdw (M) ey dn BYmOw@(L)
08z e¢ry cA&. If the stellar core mass available for fusion is a constant fraction of the total
mass M, and luminosity is L then the main sequence lifetime (tms) is given by

b)

d)

tms f

08 d8wed g exye®® n6Om 888w 170 000 Lsun e @mside 23 Msun .
w8wwied gy mE® Dwd 3@ 10 5 08 516000 grwymEs emB@mede ?
An O8 main sequence star has a luminosity of 170 000 Lsun and a mass of 23 Msyn.
If the sun has a lifetime of 10 billion years on the main sequence, approximately how
long will the O8 star last?

g @O 0l & M8 D@5 mG1Om 8dmmaDw 0.0012 Lsun e edmsiRw 0.06
Msun 2® 8 aagmnce ems®@me? /An M8 dwarf star, one of the wimpiest main
sequence stars known, has a luminosity of only 0.0012 Lsun and a mass of 0.06 Msyn.
What would its lifetime be?

08 cdens’ow 35000 K esvn M8 8 cdennDw 2600 K 5® 9® madmo D@ g¢dwwsy
g¥swed edus? ODBEsT veme moxIm. / If the O8 star has an effective temperature
of 35000 K and the M8 of 2600 K, estimate their radii in Rsyn.

5010 ®s BLD®W 8B cDETR D wOED ©EWiwmersy ¢y CAB. 9vnm
D02 @¢emB O BOm W G1Edned®xsIn ®OBIH.

The central pressures are estimated by scaling the hydrostatic equilibrium equation
P GMp . .
2= Rz where P - pressure, R — radius and p - density

Estimate the central pressure of two stars.
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21. @5%® eedEims DERD 8w gWes OO ¢l® eCH YO;m®w B® OG5 O® Dnd O
c8® eDnwd 8 w8 S8TwW® Bged. e®w VYR B¢ YERLEE DEO amd @m0 8o
@B, OO e®wr Bedmed 9® dunwied SEWMONw e OB ewWsIceBewd
BOCenw ¢ DEned oDy HOCewwd @i e®B. e®® 8¢d® B8ORS Al Fvenw
DO SBOMNed ¢oE DEned odsicantd AC® QOdw oWnedsy 018 @®ds
@0e®s 0w B¢ O DDG. O Bwrw vI8m IO RN ® HICEOR wewr CRIOD DB

cul® yn®em edvw v = \/@ 20 euvsIdsim.

o857 dwsIdw 1.4 Mo 0 ww gds 10 km 02 Byedds m0mdm y@e yednas
006sID.008 & BYedm m0md0 e®dEimd wRe ©vdAD D cumELm®B
DO,

Stars reach break-up speed when they are rotating so fast the centripetal acceleration at the
equator equals the gravitational acceleration (or, from the viewpoint of a rotating non-
inertial observer: when the centrifugal acceleration exceeds the acceleration due to gravity,
g). Thisis agood physical limit on the expected rotation speed for compact stellar remnants.

Calculate the rotation period of a 1.4M@ neutron star with a radius of 10 km. Assume the
star remains spherical

23. a) eme® BdD Besced DB /6.56 v Bdm®mwes 30.48 M o5 gedfewd Bl ns’
9um 2 1024x1024 pixels Sswxs 8 w6 8dD S 88gedl awve BiFses mOGn
OE eween ns 980 ¢eddved FOV mcE D8sF ewwsim. A 1/6.56 & 30.48 cm
diameter telescope owned by Colombo University is equipped with a 1024x1024 CCD
chip which has 9um sized pixels on it. What is the Field of View(FOV) of the telescope
in arc minutes? The observations are conducted in the university premises.

b) e®@sy @ yo § BB greem 8MM Bdm@wvws wfn »>&hBm B¢ow wo 24mm

80 528 o B a8 ®DwE wdn gnd OB AlFvenw we v DO caws
2l BauEsow 6.0 mag »® gwedd 98 HFTD e 08 edvewsy BiHeens
BE VB DIRO® 20O cams Edm BnEFOw eme®ene?
A human eye that is adapted to darkness has a maximum focal length of 24mm and the
diameter of the eye pupil is 8mm can observe a star which has an apparent magnitude of
6.0 mag. What is the apparent magnitude of the faintest star which can be observed by
above telescope under the same sky conditions?

C) eDemend 58 ¢d ¥ cvenend 08 ¢6 BEedEsY 180 cm v 20 cm § d&»n=

gedtews ©8s3 csimrmeaws 50° O 56D BdD Beme 88gede AiFvemw IS’
838. ©® 4DEed salded H® YO gEuw DD BDm YDeww Ben 8O OO
50100 cams B30 B¢dm 0Dmes H W WOBIB).
A refracting telescope which has an objective and an eyepiece of focal lengths 180 cm &
20 cm, respectively is observing a star with an altitude of 50 ° at the university premises.
At that moment estimate the displacement of the apparent position of the star caused by
the rotation of the Earth around its axis.

d) c®ece t® n6Dm wms BEI®0 edwled cars BEI® 0dmed 800 des; viB edmsf
odn 2 ¢wosis. Show two more reasons that can caused to a displacement of the
apparent position of a star relative to its absolute position.

8/11



24. son Sedn Bo 8BGO grgews’ vun HOVDED BERT Buwsim. emER DHHCWO
2022 e5821@28 8 00B 8» 8oy B awes vun BBwe® ¢ arm.
Answer the following questions using the given sky star chart. This is the night sky as
seen from Colombo at mid-night on 8™ September 2022.

a)
b)

c)
d)

f)

9)

h)

8Bwe® 500580 (E) wv 2080 (W) ece cmey »6s3». / Mark East (E) and West
(W) in the chart.
Derde wd@mas @ dv C ecen cre »osim./Mark celestial equator and name it as C.
DIBROCe @¢ O P oce cmen mosis./ Draw the ecliptic and mark it as P.
50 BBRwe® 28BOFE 500 A oG Ca WOSID. 08 HG1ed wus B VOWE?
Identify the brightest star in the field and name it as A. What is the actual name of this
star?
15308088 @B me M 31 eces 8505 dlimw(ginsIsy Dnews’) Ry
m0x¥s. / Roughly mark the position of Andromida galaxy (M31).
BYD GBEDD HO BOE GBS ER € »O evsidxym. [ Mark below stars on the
map by their number.

1. Altair, 2. Antares, 3. Deneb, 4.Fomalhaut
Pegasus ww» Hercules ez »6; 608 wesnens 5@ mdxym. [ ldentify and mark the
star constellations Pegasus and Hercules.
B 9w D0 BBe® e @D, JideB GNwWIeE EBIDDREG 83 & eHIREB
Goe5ID) DRewsy ewiwr OO dhmed Bwe ¢adxIs. / Jupiter is shown in the map.
Roughly find the Altitude and Azimuth coordinate of planet Jupiter.
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The sky chart Colombo — 12 mid-night on 8" September 2022
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TheSkSky chart _ Colombo - 8th September 2022
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