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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 Mas/g8wwwed efmaide Mg=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 =5.67x10-8 W m-2K-*

BowE 8808mmesd 0100 ©nddewrst -G8 A8sT g8 ydme AR BEHT wuwsIm.
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A ez00es | PART A

©®® emdet yam 20 wew Dt B8 Domw emdd a8sy 3B ¢IH0 vyewed 8E€noO
8 08 OB ©BIOB5Y wOWsT WOBID.

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. oo cwed edsier’ ©0edBBl B8y
DO ¢ 88FBewmwd w1 siveneBsl Cao
OB (Imeie. @®D0 @n® salded DOY@Ienw
D35,

The figure shows the values of an experiment
which is similar to the experiment of Eratosthenes.
According to the given values what is the
circumference of Earth ?

(A) 6207 km
(B) 3900 km
(C) 650 km
(D) 6500 km
(E) 46,250 km

2. 0¢e®8 21 O 8 ®dun 120 srFuedy mce nO=¢?
What is the Sidereal Time at noon, December 21?

(A) 18:00 (B)12:00  (C)12:04 (D) 11:56 (E)13.00

3. 9Bed Brienyd m»oded (o aWB® 45°%) Des mom RBFemenmd
RO 0w DE 0509 mO 00 QOBC?
Which is the constellation that would not be able to observe by a person who lives in
Milan (Northern latitude 45°)?
(A) ®cuwszy - Orion (B) ©acf2 - Scorpio

(C) @B - Auriga (D)  emen mSieacs- Crux (E) e®e- Aris

4. sopn Eedsy Dedthem QOE @edsy gwed 883 gv DLdndm 883 Bddw
BOOBO 0085 ®E @R JOC® DOWE?
Which of the following two coordinates cannot be used to locate a celestial object in
the sky?

(A) mosiBe eww Byd ¢sIaw - Declination and Right ascension
(B) c¥ormeaw v ¢dm-aw - Altitude and Azimuth
(C) mr¥Bw e &3 emdemw - Declination and Hour angle

(D) mosiBw e ¢simmoenas Declination and altitude
(E) mosiBa e ¢d@m-aae - Declination and Azimuth
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BB 0183 ONBLY B edsTeny evntes m0m0 CrBw ww & ¢dd B8H eemrmsy gv
DY 0. & @eds’ sun Y& DEO BERO wewsis.

The following shows a diagram of the constellation Pegasus and its nearby celestial
objects. Answer the questions with regard to the diagram.

O
. A
: /1'
[ )
[a) [ ] 2
\

4
“A” amedst cuSedn gimne DERD pOBE?
What is the celestial object labeled by the letter A?
(A) a1C080e macmed-Alpheratz (B) e15¥e8p8a0 ®edeaBBw - Andromeda Galaxy
(C)B60® mo=wd - Mirach (D) 8EG®® m06m»® - Almach  (E) g&wwo -Sun

&5 GoBed RO mcm0d O “Formalhuat” B8=eenw wews @ eomwown E6d DOx=ie?
In which direction should an observer gaze his eye towards Formalhuat (Brightest star in Pisces)
A 1 B) 2 C© 3 (D)4 (E)3and4

When a spectrum of a B2 star was analyzed, the H, line of its spectrum was absent. A
spectrum of a BS star with a same Luminosity shows a H alpha line of its spectrum.
What is the most relevant statement to explain this phenomenon?

D0OE D8 SdeCvamedd B2 m0mdnm D8edBed Hy 08and cdaenas
©25%3008 ©® 83Bw @B Bs m0m0m Hy 08000 clanens 800 o@nd 0uni8s®
510188 ®osTesy swn D0en andsy nOwe?

(A) Energy of electrons in energy levels of Hydrogen atoms in B2 star is lower than
those values of B5 star
B2 65000 H 36@1€qd 001 3085 @dBO00® O gecseddm D¢ amBe Bs
8 9® anwd D& g8 IO5T.
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8.

10.

11.

(B) There are no electrons in 2nd energy level of B2 star because of those electrons
are shifted to stable states that have higher energy.
B2 502000 0¢dm @BO000® geedm 0nsdB® v OO gerSeYIH
VE WA ¢Ov B gDedn (ground states) ¢z$os SedSosmras 8 ar.

(C) The electron density of B5 star is lower than the electron density of B2 star
Bs 200m000 gecmedin senddw B2 m0med gecaeddn wenmdwd Dt a8
NOB.

(D) Temperature of B2 star is higher than temperature of B5 star.
Bs 2102900 cdenmiDned D& B2 1029600 cdwaside gunE .

(E) None of the above (ewn B&80= ex0ed)

wlww @B 5 & § 0O oDy om Sdwmen 0B, &80 500 nm
endeddm ez 600NM 560 1w wdmd AlFsenw ®OB. O® mCmed ¢de
glws Imm OEsY ems®ene ?

A5 Mg star causes a gravitational red - shift (Einstein shift) such that a 500 nm photon
is detected with a wavelength of 600 nm. What is the radius of the Star in solar units?

(A) 8.8Ro (B) 5.8Ro € 6.8Ro (D) 21.6Ro (B) 15Re

e 00 Q° ened ylwv wdwumw 0.9141 AU v SemsId8mmdw 0.9951 ¢
2®. 8w Yomed grnw DOBC?

Comet Hale Bopp had a perihelion distance of 0.9141 AU and eccentricity 0.9951.
What is the aphelion distance of the comet?

(A)407 AU (B)156 AU (C)372AU (D)78 AU  (E) 24 AU

euEBRE D0 OF gded edmw B O ESnmde 150 gewmwBsy edxed
DOOB. 08 w1 ¢80 adwsy @mo GBIRNB®G EWIBDToe?

Cepheids vary in luminosity by up to a factor of 150. If this variation is only due to
change in radii, the ratio of radii during maxima and minima is.
(A) 15 (B) 20 (© 150 (D) 225 (E) 12

3BOMR W Goed 8O FueuB w®im (05T BHD Beanm 8O, guaduBed
P88 00vw 005 1.5 gomwem 0D0wBs’ WBS Ywecim o ®Ox WO®
Bwosidnwm 0w 83&. vun wews! DO S 0D gD Wl mBw 5 EE
™o ?
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) 88008 - Spiral  (B) a0 - Circle  (C) 9B8&esm05 - Ellipse
(D) 206088 -Parabola (E) an28»&-Hyperbola
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12. som (A) @8 uiedsTesy Type 1 0mwd aws 0wB8 dOES m0m0m ¢eCIim 0%

g0 B. ood Boedms dm Baemde M =5.0 5 50, &8 0wdB8 SDE® B0
B ¢ @wsim Drewsy emes®ent ? (B) Siue 9857 0wd® SDEs midm D E85-
DIC BIACDO B D.
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.

&
L

Type ! {assical}
Cepheids

?E
K] Type Il (W Viginis)
: Cepheids
[
% +4.5
Q
Q
< 1.
5 10 05 1 35 10 3050 10
(A) Period (B) Period (Days)
(A) 2 pc (B) 20 pc (C)200 pc (D) 2000 pc

(E) & B ¢¥» d6@ends’ mym. (Given data is not enough to solve)

13. 9wduBed @ums 38w yedvw 13.1km/s 0 ¢md &8 dmside 1.9 x 1027 kg o.
008 mved ¢ O gFeed enw 7.9 X 108 km 0. gudsBed emddnm 0©um00w@
OGBBIB WHOBID.

The mean orbital velocity of Juplter is 13.1 km/s, its mass is 1.9 x 10%’ kg, and its orbit
has a semi-major axis of 7.9 x 108 km .What is its angular momentum, in SI units )Joule-
seconds(?

(A)90x1042

(B) 2.6 x 10’

(C) 1.6 x 10®

(D) 2.0 x 10%

(E) 2.5 x 10%

14. 9@ eBOE Bwi8mbdm @dsed 8508w viB Dund nO Sw wiBc? O® DD OB

OB c8® dmside n@ie?
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
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15. 9sfcoB wwm SmsIRw, 888w DD @B @dw eI DER DO B8O € Dxodn O
a8 we®sIB). OO D 2 850, B0 DeEeEs’ 8Om w1 guwssins DgCeRs
IDED BBBTVD D108 & 00O D. OB hed YO DRw,

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?

A A )
g g
$ E
Distancer Oistance r
© 4 @)
= =
8 8
= =
Distance r Distance r
(E)
8
=

Distancer

16. gowm s3s ne “Kirkwood Gaps” meise 38800 ednd n@wie?
Which c causes the “Kirkwood Gaps” found in the asteroid belt?
(A) Mars (B) Jupiter (C) Saturn (D) Uranus (E) Solar wind

17. @s vanded dnsidw 0@ ecneanss wy sanded ¢dw 0@y 1/3 d» gveEOm
Bewl® yedrw ©twsI.
Calculate the escape velocity from a planet with twice the mass and 1/3 the radius of

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

18. caes ewcwmE ©dm OB ¢Semmwn 85 @owdied addw On gl
Bdm®we 2300 km 02 0000w BiFeene m0n CIB. e®® 00w ©wadsy
dedemw »0 BiFsens BIO wewo ¢OcdmHWd 3086w ¥n 800 SO
©wIBsID). 0®® @Dded erwdO 8OAD ¢d 54.6 million km . cavxs escwesy
B0o® go0®w 550 nm ed.

What size telescope is needed to resolve Hellas Planitia (a 2,300 km wide
crater) on Mars through a v-band filter (effective wavelength = 550 nm) when

Mars is 54.6 million km from Earth?
(A)34.8mm (B)26.1 mm (C)15.9mm (D)10.6 mm (E)7.7 mm
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19. 959 BB By cos D8emdBwmO amd o8 onn dddwme 1 0d. 0®®
O BBw OB Ced® cams mCe® Gaw®w ewwsIm. H ¢Gm 8 wns md-»
&wo®c 656 nm ed.

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

(A) 32.6 nm

(B) 326 nm

(C) 656 nm

(D) 1312 nm

(E) 6563 nm

20. s0n sy 0@8wd Dunst amdsl O8 D8vw ww Ow gideq mCm 00 BOGED

Sk oIk for-]
Which of the following Messier objects is grouped incorrectly with its type and
constellation?

(A) M4, globular cluster, Scorpius

(B) M27, spiral galaxy, Sagittarius

(C) M42, emission nebula, Orion

(D) M57, planetary nebula, Lyra

(E) M87, elliptical galaxy, Virgo
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B @z0e | Part B
38e8m @R 6wWHnBBsT sun y&» OO BERG ssesIm.
e5:® gBelm B8 vnwm® 9uEsY dded mH® 5w S® gome LEWNST WOBIB.
(Please provide your answers to this part using additional sheets.
Write your name and index number on top of each and every additional sheet)

2]. 0®® ydenw Dm0 G, m0m0 Y @O gVe G® DER OE DO wudn Oy RBBRSY

@y 00® ®n (2018 €B) 6f avws qFedm mo; 8BeOBsY gwin @@ (Alt-Azimuth
DB OB we). O BRwe® 8L Dy OO gommwsy O8xsT ¢ em.
200 S8 @G 280F amBxsy ¢l B @md 0w @0d WS ¢y .
Oe®sT® M@0 gnets gmn Dn @-G8 80uE am8xs ¢clor gim. o BBwe® ¢ddr g8
ma0ma & (10), macmo (10) w» 0@ e gma O&n (5) O @ @E Dned »HOD
988ewsy BEme ®OBIB

This question consists of 3 tables and full sky charts in Alt-Azimuth coordinates, showing
the sky of June 2018. On the chart different objects are marked in different numbering
systems: constellations are noted in capital letters; stars are noted in Arabic numeral and
deep sky objects are noted in small caps. The star chart contain 5 deep sky objects, 10
constellations and 10 stars, to be marked on tables I, 11 and IlI. Your task is to correctly
address the objects in the tables.

Table | - List of deep sky objects (o1&ct aved gimon Dedn)
(@ b,c,de)

( ) AndromedaGalaxy

( ) EtaCarinaeNebula

( ) Perseus Double Cluster

( ) Butterfly Cluster

( ) GreatRift

( ) Pleiades

( ) Centaurus A

( ) HelixNebula

( ) Praesepe Cluster

( ) Cone Nebula

( ) Hercules Globular Cluster

( ) RingNebula

( ) CrabNebula

( ) Lagoon Nebula - M8

( ) Horse Head Nebula

( ) DumbelliNebula

( ) OmegaCentauri Cluster

( ) SmallMagellanicCloud

( ) EagleNebula - M16

( ) Orion Nebula

( ) Ptolemy Cluster —-M7
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Table 11 - List of constellations (mi6z0 &)

(A, B,C,D,E F, G, H,J K)

( ) Andromeda ( ) Antlia ( )Apus ( ) Aquarius
( ) Aquila ()Ara ( ) Aries ( ) Auriga
( ) Bootes ( ) Caelum ( ) Camelopardus ( ) Cancer

( ) CanesVenatici

( ) Canis Major

( ) Canis Minor

( ) Capricornus

( ) Carina ( ) Cassiopeia ( ) Centaurus ( ) Cepheus

( ) Cetus ( ) Chamaeleon ( ) Circinus ( ) Columba

( ) Coma Berenices ( ) Corona Australis ( ) Corona Borealis ( ) Corvus

( ) Crater ( ) Crux ( ) Cygnus ( ) Delphinus
( ) Dorado ( ) Draco ( ) Equuleus ( ) Eridano

( ) Fornax ( ) Gemini ( ) Grus ( ) Hercules

( ) Horologium ( ) Hydra ( ) Hydrus ( ) Indus

( ) Lacerta ()Leo ( ) Leo Minor ( ) Lepus

( ) Libra ( ) Lupus ( ) Lynx ()Lyra

( ) Mensa ( )Microscopium ( ) Monoceros ( ) Musca

( ) Norma ( ) Octans ( ) Ophiuchus ( ) Orion

( ) Pavo ( ) Pegasus ( ) Perseus ( ) Phoenix

( ) Pictor ( ) Pisces ( ) PiscisAustrinus ( ) Puppis

( )Pyxis ( ) Reticulum ( )Sagitta ( )Sagitarius

( )Scorpius ( ) Sculptor ( ) Scutum ( ) Serpens

( ) Sextans ( ) Taurus ( ) Telescopium ( ) Triangulum
( ) TriangulumAustralis ( ) Tucana ( ) Ursa Major ( ) Ursa Minor
() Vela ( ) Virgo ( ) Volans ( ) Vulpecula
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http://www.anos-luz.pro.br/consthtml/hyd.html#3
http://www.anos-luz.pro.br/consthtml/hyd.html#5

Table Il - List of stars /m6z» ® esc (1, 2, 3,4,5,6,7, 8,9, 10, 11)

( ) Achernar ( ) Atria ( ) Fomalhaut ( ) Pollux

( ) Acrux ( ) Avior ( ) Gacrux ( ) Procion
( ) Adhara ( ) Polaris ( ) GammaVelorum ( ) Regulus
( ) AINa'ir ( ) Bellatrix ( ) Hadar ( ) Rigel

( ) Aldebaran ( ) Betelgeuse ( ) Hamal ( ) RigilKentaurus
( ) Alhena ( ) Canopus ( )KausAustralis ( ) Sargas

( )Alioth ( ) Capella ( ) Menkaliman ( ) Shaula
( ) Alkaid ( ) Castor ( ) Miaplacidus ( ) Sirius

( ) Alnilan ( ) Delta Velorum ( )Mirfak ( ) Spica

( ) Alphard ( ) Deneb ( ) Mirzam () Vega

( ) Altair ( ) DenebKaitos ( ) Nunki ( )Wezen

( ) Antares ( )Dubhe ( ) Peacock ( ) Saiph

( ) Arcturus ( ) El Nath

Chart | — This month’s Night Sky
(c®® ®es 6o awes cEFeds wOWn))
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22. gwecimwem dowln edrw wrews’ A RO cwe moesIe?
sanded EmsINw wy ¢de 0@z at)s O e v Busim. O8 wadded cdamsidws 800
K 00n oo 0. 98 gneieds Drgendced @855y Diwyd Bas v ¢i8 aEdned®sIn ®SsIm.
What do you understand by the escape velocity of a planet?
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.
(zewdsmont e / 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 102 kg.)

23. sup Gevs’ essIn® mOsTesy ¢y Eed B3I gwen et dETTemnmO 08 SR
BOW® G183 BONDA.

The following figure shows an observer’s view of the sky looking south. The observer’s meridian
is shown.

R S ELEEEEEEEE
>

() ©amBw 51w EBO G Goam YOIwmRsY YOew ede?
By thow many degrees does the Earth spin in one hour?

(b) @¢e1®DE 15 0dm¢0 GBAD @ @Dedxy 19.00 &, A 5610 BB Femawied @wsys
8210 edemrw mOB. G13ewd OO BHOD BO B3O 88D B8HOB gomads B eces
eSOBIB.

At 19.00 GMT ON December 15", star A is crossing the observer’s meridian indicate
on the above figure the position of the star one hour later. Use the letter B.

(€) ®wmO gy DGO GBO ®dds @dEedxy 19.00 © 8H0x @mnde C o ¢dsis.
On the above figure indicate the position of Star “A” at 19.00 GMT one month later.
Use the letter “C”.

(d) BBFemw 200586 0d®mn 3°88S 6Om Diww OR. ©¢e @Y 15 8 ® 990 1° =F
DOBBsT BB edan-awm 8Ix n0x Bimmen 00 yed W 680D
odemyn mo» o BoFsenw mIsTens FHD s eDEIedDsT Bwde?

The longitude of the observer is 3° East. At what time GMT would an observer at a
longitude of 1° West observe star “A” crossing his/her meridian on December 15%. ?

24. @5%® e®dEImIC DEROW 8w aew O adm eCH YOm® SO O8sY OO DERD &F
c88® 000w 58 W& D88w® Beed. e®w eweBm D GRLI® DED am® om0
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25.

BOC 0¢wB. 950 e®w 8dned O® DdnsTod SdmOvw Vet vOhD ewfricaBend
BOCeww e DERed @Dy FOohwwd ©weim Je®B. 00O 8d® BOARxY
BEFsenw »oemrmd 2LDmed e duned ofsicaswd A Qosde
oneds 018 9O wWe®sy e®w 8¢ O DG, eO® Bwiw WIdm oS BB ®

GM
DIOCIOZ B¢ COD VB cul® YO edrw V = /? DRECISIH SN

857 dmside 1.AMO O wwo ¢de 10 km 92 Byedds mcmwdm y@e yednw
@06sI®.008 g} BYeJds) m0mDO e®dEomnd M6 BDAD D CEHEBBI®G
DOBID.

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) is a good physical limit on the expected rotation speed for compact stellar
remnants Using this theroy show that the maximum rotation speed that a panet can have.

isv = f% Calculate the rotation period of a 1.4M eneutron star with a radius of 10
km .Assume the star remains spherical.
89D DQedsY WBS 806 O5IcBdmed D8 TR A »eFtHwe® wy aB w®®ods
el HOOE Biedws Sancrro mEOIFewd §nw e ¢lds arm.

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

Cepheid Pericd—Luminosity Relation
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BD B0 B PEEID WO wdnm WBS 80w OYBMhed ¢f 8Os ewsBe) DOEW
BGO®O &B ¢0 ewiesIm. Ascertain the distance to the classical Cepheid variable star
found in the Milky Way galaxy having the following light-curve.
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