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

D@ BBO wewo ww B 00000 8En 0 w9sB8® wew a@en ¢ B w8 ©widno
mosyz.Use the attached blank sheets for your calculations and also to answer the questions
in Part-B.

Bwo® ydm DR 0®® ydm vrned® BEnI wuws 8w mECE Svrnw &Dwimedwde 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.

Oem BBIE DD ®E wi» /Electronic calculators are allowed.

yowdsm O ¢xfm | 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 Mass/g8waned efmerdes Me=1.99 x 103 kg,
»waE Bwmw / Hubble constant /=75 km s~ Mpc™1,
pecedimem e / Mass of electron me=9.11 x 10731 kg,
83 Beddem Bwmw / Wien’s displacement constant = 2.898 X 103 m K,
300msy-0d FOed®rsy Bwmw / Stefan—Boltzmann constant =5.67x10-8W m-2K-*

BowE 8808mmesd 000 ©nddewrst -G8 A8sT g8 ydme AR BEHT wuwsIm.
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A o208 (emeq 40) | PART A (140 marks)

e®® emded yam 20 wew Dt B8 Domw emdd a@syn ¢ ¢BH0 vyewrd 8€noO
8CC 098 OBy ©BIOB5TY 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

1. o Canis Majoris 8 @e®@simw 0.379” 0d. gduwied 80 0®@® nG00 & ¢6 dxed,
Parallax angle of a Canis Majoris is 0.379°’. The distance to the star from the Sun,
(A)12.7 light years
(B) 8.6 light years
(C) 17.2 light years
(D)9.2 light years
(E) 1.2 light years

2. 9D SedD BHO| BN EnEewrsy ¢ g1 O8D EndED DE»W DB &1
BaesDed yedo ap. a8t yedonw O8O »nGd BpOE?
Following five stars have the same magnitude (Shown by the arrow) of velocity seen
from Earth. Which one it has the highest radial velocity Component.

(A) (B) (©) (D) (E)

3. asinle @ 5B 808 BGO® canw SREHOB M* ©d. O BG1eDH OB» E¢
anw doEm® M . M -M * 9857 ¢somed,
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) Boedxmls eatma - absolute correction
(B) ex¥m»3xs enddxw - interstellar correction
(C) e00cI®Bm erdwxa - bolometric correction
(D) eveadss eadma - absorption correction
(E) 9on B8 ezned - None of the above

4. ©2288m cdesds 8000 K 02 5510w ¢s800wsI® Se@fdmw mInCaAD B0@ 1e®w n@=ie?
At what wavelength does a star with the surface temperature of 8000 K radiate most
intensely?

(A) 0.36 um (B)0.49um (C) 0.80 um (D) 1.63um (E) 2.65 um
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10.

gDemoen Ddm@ww 102 M 05 emg swB (A=550 NM) Defnsy 2u dBemrBsY 0y
O DN B0 T @m0 BIwW @ DO emddem 80nH0w6 DR,

The minimum angular separation of two green colour (A=550 nm) objects to identify
separately by a telescope that has a diameter of 102 cm.

(A)6.58 x10 7" (B) 1.36 x10 1" (C) 1.36x103 " (D) 6.58 x10° " (E) 2.34 x10 3 "

»00m CCD yB30awm omdu oun (ed. no® Bwr 1805 B8O y@ienw
@O ens?

Section of a CCD image containing a star is shown below. How many counts are due to
the star?

10 (10 [11 |10 |10 (A) 50

(B) 100
10 |9 10 |9 9 (C) 150
110 (10 |11 |11 |11 (D) 200
(E) 250

10 |10 |9 11 |9

10 |9 9 10 |9

BY» GrBed 28BOT® no D nO®e?
What’s the brightest star in Gemini?
(A)Caster (B) Pollux (C) Acubens (D) Aldebaran (E) Sirius

eumYG1ed §d8m mE® sand 088 29.447 v 880 @wo gFew 9.54 AU .
eumyded EHTVW Dned,

The orbital period and the semi major axis of Saturn is 29.447 earth years and 9.54 AU
respectively. What’s the mass of Saturn ?

(A) 1.7x10" Mg, (B)1.3x10° Mg, (C)0.0015 Mg

(D) 2.3x10* Mg, (E)O0.0027 Mg,

OQ0E®OWO 8n® G e an Bexieny,
When does Madagascar experiences the longest night?
(A) @&n2l (B)gB21 (C)ed®821 (D) eces®a821 (E) aedE 8

BHOOE ¢0 B0 OB wewn JomdendBm awd®usim nHOB ewitiwnm B ¢ud® ¢o
Omyed

The maximum distance that the trigonometric parallax method can be used for accurate
measurement of distance to stars is

(A) 3.26 pc (B) 10pc  (C) 50pc (D) 100pc  (E)1ly
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11. #a88ed 80 dm® ¢oB=Y » 2 & BB Bed 5@ dwed
If two stars have same distance from the earth, then their
(A) cams Baneoras e@ixmed - apparent magnitudes are equal
(B) Boedmls Smemw ws@med - absolute magnitudes are equal
(C) EDocs cams BanEs OE edme Boeds DanEs DE edmed wimed - difference
of apparent magnitudes are equal to the difference of absolute magnitude
(D) ¢vdE moced ¢Be wim - can see them in the day time
(E) 9ovm sewsy dOmont esned - none of the above.

12. 610 ca@s BRuEmrw, O Boeds BEmH@ @R NEsIDE) CATTes O© oD BOB
Om:mE8Bm 0BT mg BOC?
The apparent magnitude of a star is called the absolute magnitude when the star is kept at
a hypothetical distance of

(A)20pc  (B) 1AU (C) 3261y (D) 150 x 10° km (E) 100 pc

13. ®G1OC ©0R DEBWmSenw vy D8 1wy w0 anB8EDR eOT® DE€mdE
anBEedec ¢ 0d. 88 BO08 anBEedc dned
The Harvard classification of stars is a colour and temperature sequence as well as a
spectral sequence. The correct order of the sequence is
(A) A-B-F-G-H-K-M (-S)
(B) O-B-A- G-K-F-M (-S)
(C) O-B-A-F-G-K-M (-S)
(D) G-I-R-L-A-K-M (-S)
(E) none of the above

14. 80Exs m0 200w amd, DOES HOOW ©rNOsTesY
According to the variable star nomenclature, which one of the following could not be a
name of a variable star?
(A) TTauri, (B)BLyrae, (C)VV Ceti, (D) V 1500 Cygnai,  (E) RR Lyrae

15. H-R ©0wesy md 018 y@imem 8805 mEiww dned
Majority of the stars in the H-R diagram fall on the region of
(A) red giants (B) main sequence (C) white dwarfs (D) super giants (E) red dwarfs
On @wdd H» ey Oe ¢ D@ 88 e@wdd On) DO

16. 882 eudwst ewicr o BT w6 BT C1ER. 8D W gent HO ¥»Om B v V
80wy REBY S0 BWEHWeD. e®O BHO YWHeTEY BEED BBENOHG el BDOFC?
The stars are observed through various filters. The following table shows 4 stars and their
magnitudes observed through B and V filters. Of those four stars which one will evolve
first?
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17.

18.

19.

20.

Star B \

E 0.56 0.34
F 0.78 0.58
G 0.29 0.89
H 0.45 0.54

(A) E, (B)F, (C) G, (D) H, (E) ¢m¥» y@rends exned/ insufficient data

5010®m §C 208ed o8 dnstde yle dmsidewssy 0.08 = 0 »® Ow m»ddm yBPwo
#0®HwO @des CcEHITOB WG RO ez0ed. B DEn wwesIdm cCITIen,
If a protostar forms with a mass less than 0.08 solar masses, its internal temperature never
reaches a value high enough for thermonuclear fusion to begin. Such objects are known
as

(A) ewdd gw» - giant planets

(B) &g 20@2 - white dwarfs

(C) e¢®ct 2@ - brown dwarfs

(D) gow2 - asteroids

(E) cden guwedesBsy - hot Jupiters

as sanded dnside 0@ ecneanrna 8wy vanded ¢de e®xY 1/ 3 O gweEm Sewl®
3EDHO®W @wWIBBIB).

Calculate the escape velocity of a planet with twice the mass and 1/3 the radius of
Earth.

(A)9.2km/s (B) 11.2 km/s (C) 13.7 km/s (D) 21.2 km/s (E) 27.4 km/s

FERMI &gwsdmen gedmss @8z Crah Bwi8mwed § 100 MeV ¢eme® 8o (flares)
BBFemrws »O» 8. @8 B¥Beemw BcmoImO grieny RO® mC® ¢wI®w wden¢?
Hot flares of 100 MeV in the Crab nebula were observed by FERMI space telescope.
What can be the wavelength that was used by the telescope for this observation?

(A) 5.00x 102 m (B) 5.00 x 10 m (C) 2.00x 102 m
(D) 1.24x10%m (E) 1.24 x 10 m

OB ReBs Cor D8eDEe®O axnd 8 odn Ddwme 1 ¢d .e0®
OsferB s @853 HarGoo (A=656 NM) 8 e camns 000 §w@i®n ©wdsIs) .
When taking the spectrum of a galaxy with redshift z=1, the H-alpha line (A=656
nm) appears at what wavelength?

(A) 656.5nm (B)326 nm (C)656 nm (D) 657nm (E) 312 nm
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B @008 (Gmeq 60) | Part B (60 marks)
3B edm e ewHnB BT vun yadm DEO B8 wuwsim.
6:® gRedm BENS 85w guEsT AW MO 85U SI® GoWmw 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)

e®8® emdet yax DO BEno wisdBe® & sun ¢ yewlsmdnt 8e wifle cverdd
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, Distance between the Sun and the Earth = 1 AU = 1.496x10* m, Mean distance
between Earth and Moon = 3.844 x 108 m, Mass of Moon = 7.349 x 10?2 kg, Coordinates of
the University of Colombo observatory= 6.9° N, 79.86° E, Radius of Moon = 1.737 x 10° m,
Radius of Sun = 6.96 x 108 m, Brightness of Sun in V-band = -26.8 mag, Absolute bolometric
brightness of Sun = 4.72 mag, Solar constant = 1366 W m, Luminosity of Sun = 3.96 x 10%
J s, Earth aphelion = 1.0167 AU, Earth perihelion = 0.98329 AU, Moon perigee =
0.0024238 AU, Moon apogee = 0.0027099 AU.

21.

i.  ome® 8dD Bosicged 808 1/6.56 v 8dm®ww 30.48 cM o5 ¢edfewrd Bfwcwsd
9um &z 1024x1024 pixels Sswzs @8 w6 8D Sesoc 88gedl ave BiFsen »OGn)
DE ewecn) ¢nd 950 gobFsed Field of View(FOV) gow »cr - O D85 Bw
OB,
A /6.56 & 30.48 cm diameter telescope owned by Colombo University is equipped
with a 1024x1024 CCD chip which has 9 pm 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.

ii. s @cdd Yo § 8BE grwm 8 MM SdwO®vwuE wdn W hmBme 8¢ow wy 24mm
8@ 528 o @B a8 ®DwE ©8dnm and VOB AlFeemw e v DO caws
28 Bauemds 6.0 Mag »® gwewl OO nFd WO gun cedvewsy Bieens
BDE VB DIRO® 20O cams 8 SREHOG emes®ent?
A human eye that is adapted to darkness has a maximum focal length of 24 mm and the
diameter of the eye pupil is 8 mm and 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?

iii. ebemyend N8 ¢ v cvemend 08 ¢d 8EeOEsY 180 cm o 20 cm g d&nm
cobiew @85 c¥mmrcanns S50° D5 »GO ewig® BED BeE qumin DEn
BB Fe000 88gedd Alseme »ods) 8BO8. OO ¢defnedd walded »® YOen
afee 0O Bcdm yYOerw Bwr s OO mOED cans 883008 8edxm odme
OGBHN WOBIB.
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https://en.wikipedia.org/wiki/Apsis
https://en.wikipedia.org/wiki/Apsis
https://en.wikipedia.org/wiki/Astronomical_unit
https://en.wikipedia.org/wiki/Astronomical_unit
https://en.wikipedia.org/wiki/Apsis
https://en.wikipedia.org/wiki/Apsis
https://en.wikipedia.org/wiki/Perigee
https://en.wikipedia.org/wiki/Perigee
https://en.wikipedia.org/wiki/Apogee
https://en.wikipedia.org/wiki/Apogee

A refracting telescope which has an objective and an eyepiece of focal lengths 180 cm
and 20 cm, respectively is used for observing a star with an altitude of 50° at the
Colombo University observatory premises in Sri Lanka. At that moment estimate the
displacement of the apparent position of the star caused by the rotation of the Earth
around its axis.

V. oPeRn w® HGPm wus BHEILY wedHed cars BHEI® edOme SO0 ALy viB
O eWn eI CWOBIB).
Show two more reasons that can caused to a displacement of the apparent position of a
star relative to its absolute position.

22.

O8s 2018 5250008 ®es yben Oxicwsy cdame § bt ecenBe® Oxfcwr coydmed
(m®ed nFsed a88wd gwsImn® dhmed) 883 Ben 688 dricwsy ece cdamew Bw.
588w cvedEmed (n@ed mlved dwid GeIm® Ehimed) BEI® Ben 0@ ged®
@¢m® Dt BY Bw. 00O DInsY ecm® (D53Icws ww a88w) H® HEIed WWwwsy OE s
DEROO & B® BBIednr®, 8SBewsy ¢fl® ylem dicewn (Fyg dsicown) 2ddm ar.
Os¥cwn gbe DBEHCEEE® OOT®OD D COWMEBHE WO VB Ydm OEO BEnS
385 BIB.

Both full moons of January 2018 were supermoons because the Moon was near its perigee.
Both events were enhanced by the fact that the Earth was in perihelion. The faintest full
moon (micromoon) would appear if both bodies were at apocentres. Assume that the Moon
orbits in the plane of ecliptic.

(a) 2288w 0o gy8wo @mJ ©w 88w 1 OIewr gm0 (COE O m&ed mvws’ O
s OERDO #BAO 883» SO EBI® 8BOxm S0 eoeme WO, Vded
8EnS 808 (m) OB Eao ecsis.

Calculate distances between the Earth and the Sun and also between the Earth and the
Moon, both at pericentre and apocentre. Write your answers in meters (m).

(b) 988 wo wHye Osicwsy wm @Dt ecomBe @ylwo wy Dricwo gmsd {OOE
eesim. daed 8End 828 (m) OEST e e¢sIn.

Find the distance between the Sun and the Moon during both super and micromoon.
Write your answers in meters (m).

(C) 188 ox¥cound clamw O 5O Drf¢wied omddm Doemwe Bys Osfcewn
came D500 Dth emsd®a Y:meBsl (yhanweBsy) 0:80ede? ¥ ©add
Cved 83» O Dx¥cwr u8yben erdBw BowDwE oxisn O cumELmw6
WOBIB.

By how much (in percents) is the angular size of the Moon during a supermoon larger
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23.

than that during a micromoon? Assume that you are at the centre of the Earth and that
the Moon is a perfect sphere.

(d) 8388 ww WHye Ds¥icws? v ¢dEG ecemBEE Drfcwr BBOm @iy DEO Cedm

(€)

(f)

8w Do (BRCem) DE BYDDLsT OB DHOBID.

Calculate the intensity of solar radiation at the Moon's distance for both super and
micromoon.

Ox¥cwo B8EY aecime EPcm6 WO gnd Du¥cwr 8le  eecima
B8CDEBHBIG HOBID BB, 00O Bwo Drfcwed 88Bw Lv 8 eEdedd awwd (A =
0.136), »0e8dc DEOOEwWO &y ©wd Eedn Boew DE BYDDLO w@imiBmed.
88 ww Wy OsIcwsy wews Lv aow oemme m»osin.

The Moon does not produce its own light, it only reflects the solar radiation. The
luminosity Lm of the Moon is therefore proportional to its albedo (A = 0.136), cross-
section and intensity of the incoming radiation. Calculate Lwm of super and
micromoon.

088 wy Wye O¥cws! v @D ecomBE 8D SEHIOE EDB® OBHDG
®OBIBD.

Calculate the difference in magnitudes between the super and micromoons.

8Bwd 4857 wsinds AlFvene D5 5610 BiFvenw BIOO Begsd 80w wicy®
0 g, O8 ca@s el DEHOW emn®enc?

A team of students planned to observe a star which can be barely observed by naked
eye. What would be its apparent magnitude?

Do @OIR®B Yo Tmdd W EBO OB VOV CBWEBHB WOBID .00 BHGD Doy
e0dBw e Buwo 8¢dm DwaBsy D@ O cesed &, eme® 830 BesEdw
yBed 80 BiFven OYD ¢d®» BEOD w1CH® WS . o D We®sT ©eyd

deocen BiFseme BIO DO DBy §0@® BB B mw wde ?

Assume that turbulences are equally spread over atmosphere. Above star is planned to
start the observations at the point where the distortions due to atmospheric turbulences
are minimum. What would be the date that the observations can be started most early
after the sun set? The observations are conducted at the Colombo University premises.

98 BEWeens @iy WE WiB 0DV FEHeOY WOBI®.

Estimate the time that the observations can be started.
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24.

g a@f)® Bwe®BET @No; YYWO GWsODMR W1 WO wEE®®Ten DO BmxIn.
DY 0CmIOY wew DD WOB PBIEL) 90 O ¢dWe. FgWLOR WBNED OIE® g
SO wonp BBOO B0 DOV e®ewy® wewr D1wds Gee ¢ied. a8ded 8O gwHo;
e @B WsNOMO OD O 8OWE MO WEWB HOrF 0wvd®sY NO®Ic
Dee 5B DFee el aEBes widm OB B Ow D& mSee® mee e
BEWB) CLOV. 0O NODIC, WWBW 1Y) YW O eI WO PEBBOD YWwWIed
»es odeme mOdsY KOs I 9EBEBW BWBWR. ewI®sY YOSIC, WEBW WD DI
8O a@nBO®IR WzNd Ewr Woed ad88v ewd®s) cvedEmed (ewi®sy YOG, wHved
08w0 gv® Eimmed) @B B0w. gvwdO €vIdd Bcdmed evl®s] SedBwed (ewi®sy
YOG mBved ©¥lwd @»® Hohmed) ¢ Sow. RRed wdww OHed @wHnsO
3BOW® @00 Ewr BOELO gy 00 Ogem gded Bbaemw BEOG. dunsied
00 83 ewI®sT NOBIC; WBw BEenw BI® wewsr swm & @B v oFsIge dedtdm
sdeBo EemBIm. Ved BERC OE (0OCE mten dmm OB CahecsIm. (§8wr-3a8dw o
=1 AU, gg8wo-gens ¢ = 1.52 AU)

8w 8OE BB 3w B5wm B8EWST CBWEBDNST BB WO C1OD.

o a88ed vy gvnsied »WLwsy Dardmd O gmd e elsiel O .
o 288w 5 geNo Bwn 0Drews’ ©®sY WO&.
o 2880ed vy grndied BBBws IO HEGD 8HOE.

Suppose that we are planning to send a spacecraft to Mars with the lowest cost. But rocket
fuel is very expensive. The more a spacecraft can “coast” with engines off, the lower the cost
of the mission. Though a spacecraft could follow a variety of curved paths from Earth to
Mars, one path called the Hohmann transfer orbit uses the least energy and is thereby
considered to be the most efficient. The Hohmann transfer orbit is an elliptical orbit with the
sun at one focus of the ellipse that intersects the orbit of the target planet. When the Hohmann
transfer orbit is used, the launch occurs when Earth is at Hohmann perihelion (the point of the
Hohmann orbit that is closest to the sun). Arrival occurs when Mars is at Hohmann aphelion
(the point of the Hohmann orbit that is farthest from the sun). Your task is to determine the
next launch opportunity to Mars. Consider the heliocentric coordinate system given below to
determine the positions of the objects and the Hohmann transfer orbit. Use AU as the unit for
distance in your answers. (Sun-Earth distance = 1 AU, Sun-Mars distance = 1.52 AU)

In order to simplify the task, following three assumptions are made.
e The orbits of Earth and Mars are circular and centered on the sun.

o Earth and Mars travel at constant speeds.
e The orbits of Earth and Mars are in the same plane.
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(a)

180° 0°
Mars at Sun % Earth at
arrival launch

WV

@0l ®x5Y YOO mBBed e8LOWI aved 8o etwsIn.
Find the length of the semi-major axis of the Hohmann transfer orbit.

(b) ewd®sy HO@IG; mBved W BBt (9ELwed PBw EWeLw) Biwied 8O

(©)

(d)

(€)

(f)

&8 ¢0 @wrwr ®Bw CWesw "X" eE® 9wn C18wOVenB Ewey WOBID.

Caculate distance from Sun to the center (ellipse center) of Hohmann transfer orbit
and mark the center as "X" on the figure given above.

@IOBY YOOIG wWBed @¢DD BNBwW (8w O NBwr) BBO® didw eow dw
"Y" oce gum Giowdvnend Cuyen mOosI.

Find the location of the second focus (one focus is at the sun) for the Hohmann
transfer orbit and mark it as "Y" on the figure given above.

omEcleod nuIDn Bwewsy Bwedrsiesy v® guecimwm mEDdned Dvnw &8
Dved ¢85 O aved e 8®immdm a0e (P? = ka®). 588 wtved
D@53 ©8m0 WS "k" Bumed evw ewwsIs. dewdsl ewd®s] HO®IC; mBvedd
DOEDm® w5 008 wew OB gvwd O KO BIVD VHOB WICW ELWIWEIB).
Kepler’s Third Law states that the square of the period of any planet is proportional to
the cube of the semi-major axis of its orbit (P? = ka®). Find the value for the constant
"k™ using earth's orbit data. Then determine the period of the Hohmann transfer orbit
and then the travel time to Mars along this orbit.

sa8Bed vy geunsied eecdm OEH WS WIDHI WO WY GHWBOIR W0
Eur BEOO g dgeam mE ofed wa8dw wy 8HwHd; am0 BIWED DL
cOm emdenw OB WOBD. (evvdied 1 adddes = =88 8 687 B)

Using the daily motions of Earth and Mars, compute the ideal angle to have between
Earth and Mars during a launch window. (1 Mars year = 687 Earth days)

sa88ed 8O qwnd (w0 ewd®sT NOSIG W BBl 8OG PWnH G1uewlVenH §exIn.
Draw the Hohmann transfer orbit from Earth to Mars.
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25.

Answer the following questions using the given star chart.
B9® B0 mO BB rgews’ swm OROODCEO B8EnJ wewsIn.

Vi.

Vii.

Derde 8@me ¢ v C ece Crey »osin.
Draw the celestial equator and mark it as C.

B0 ac Ow E ocs cmea mosim.
Draw the ecliptic and mark it as E.

@8 O 21 O 8 gy8wwo 8BOm ddmw D ece oy mosis.

Mark the position of Sun on 21% of March by D.

8Oy Fomidenw g1¢ eusIOBIB).
Draw the summer triangle.

M15 01§01 @ DeE8nd P e oy 0 eusidsyn.
Mark the deep sky object M15 by P.

80D DD HOL FOE FWDOWLSY R WO eB5IDBIB.
Mark below stars on the map by their number.
1. Vega
Altair
Deneb
Markab
Alpheratz
Antares

oMW

En ey eIl 1B D O mOnIB.
Write the name of the star marked by an arrow.
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