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RQeulaTHHT6N LGHsH A BBId U@Gd B @sv 25 elenmdssnen GomemiBemens
This paper consists of 25 questions in two parts (A & B).

2 _Ipgl HEWILILBEHHGHID UGHH — B Q60 smemiiuBd allemdsehdd alenl s sbaa]b
OeUBBISHHTETHEMET  LILIGITLHEHHNLD
Use the attached blank sheets for your calculations and also to answer the questions in Part-
B.

DM HH! NeTHHEHHGLT allenLdenen @siuellentdhHaTellGsoluw 611pd) SienensHgi
Heitdenenuld GoBumeneuwmenfli b eLiLenL &Ha|LD.
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
exam

BevshAraiuisy sewlliLmeser LiwsTUBHSULeorid//Electronic calculators are allowed.

(pssusv/ Useful information:
@efulsr Geusio / Speed of light ¢ = 3 x 108 ms?,
a0 yalufiriy wrpiled / Universal gravitational constant G =6.67 x 10 m* kg? s
2 Solar Mas/@flweflsit Slenfley =,
amLlen wmmled /Hubble constant H=,
efenr QL UGUWFFF ompiled / Wien’s displacement constant = 0.0029 mK
1AU =1.5x10m)

eomT BT CIBTLFLITS TCHDID GBI 6vTemID BHTWTLILIQ6N, DYBIBIY GUOMPIGCINLITLIENL  UTFISBEYLD




ues — A | PART A

1. Qasamignidaisr Hmsuliysboaimpulmear afsrddgn Suniusd Can U wiss?

4.

The physics theory that can be used to describe the stability of a white dwarf is

(A) Pauli’s exclusion principle / ueysdufar gofidmasd s,

(B) Heisenberg’s uncertainty principle/ soamsvssiujdsr Ruitiun’ (hb60s1eTema
(C) Conservation of angular momentum/ GamemgdsToyGasabaiy

(D) Conservation of charges/ iBssisamt 1_daniiy

(E) None of the above/ @amdso s1gsaybsosmeo.

SAgssmITaney 1e1geT Bl SSIRIGIRGGT Fhdouw 2 Ppusd Oeuisraud urgbufus Corastaly 6lasy S&e0
TNU(HE ST HIFEHTID

Nuclear fusion make a classical nova explode, while it makes normal stars just burn steadily
because,

(A) a white dwarf is so dense/ QessignibelsT He M_joHd

(B) a white dwarf is made of Carbon and Oxygen/ Qessmigmidssr s ohnib QL Sasiarisd
2_mon1duTHSS0

(C) The pressure in a white dwarf does not depend on its temperature
2 siieon pbosdnG Aasliusdar anials sidspn Bsosoreio.

(D) The pressure in a white dwarf increases linearly with the temperature
2 aiismpdsin oD Clauiiud Cpfw ASefibe 2 aiamngsd

(E) The pressure in a white dwarf decreases linearly with the temperature
2 aiismpdsin wpmD Olauiid GBI GmDaysE 2 6TemIge

B5 @F somieuniges sy ofsubafmar Slusialiusie soiooyD. ©F BeT isET Gl
&1evsHEITmaTLD MmHme CrysSmanyn seosdiuinie Mabasials. oF amysSpeiiaiary smer
DAougnefden Cuisy smvapnHs gooie BeiToub swoon s liybaend 1US snosworisTenss.
Bsonoswnmias Gy efsunbealnr maalsarisd AHminbeGaunaied MaeTaudel bajboss

Suppose you observe a millisecond pulsar. One day you measure the period of the pulses and arrival
times accurately. Once you observe after one week it is noticed that all the pulses are delayed by
lus although the period is the same. If the delay is caused by the motion of the pulsar, then the
pulsar must have moved,

(A) 300 m towards the Earth/ 300m yefulmer Coiéd

(B) 300 m away from the Earth/ 300m yefufmer ofi ¢ afsod
(C) 100 m towards the Earth/ 100m yofufsmer Gonéd

(D) 100 m towards the Earth / 100m ysfufmes ofi' (G afsod
(E) 1 um away from the Earth / 1 um ysfufmsr oft" G afsod

B 9F ybus Sbhbe anaRUTHmeT MeusTaTiCrinaed e i 10 OgssaTsd BmnL BiETams
&IIEDT. DT ODHS DINNIGSHTVIHDEHIET EHIF 6D

Imagine that you've just discovered a new deep sky object in space. This object can change in
brightness uniformly by a factor of two in only ten seconds. What can you deduce from this rapid
variability?



(A) It must be smaller than 3 X 10°kmin size/ Siungsfsr Ssmey 3 X 10°%km Bmaral. gopeoy.
(B) It must be larger than 3 X 10°kmin size / o5Qungsfsr Ssmey 3 X 10°%km Smeal. idsid.

(C) It must be smaller than 3 X 10°kmin size/ Siungmstsr Ssmey 3 X 105km Bmaral gopoy.
(D) It must be larger than 3 X 10°km in size / siQugpsfar Semay 3 X 10°km Swarel. deb.

(E) You cannot deduce anything about its size./ fsmafswen upd ameub 2uHes (ppungs.

S BHST Ao Ssisiadssialde GnUGHMSHETET SIFID
Cosmic Microwave Background Radiation(CMB) occurred due to,

(A) Inflation/ eféaib

(B) Big bang/ oi&i0esm iy

(C) Recombination/ wnGsiéme

(D) Particle antiparticle annihilation/ syseir a&inéasest SMifasmdban
(E) Solar storms/ afuiiiusosei

2 1T eendGabhoss 11 BULLGHD CanatanTa e Ddennar sPNIiLTMESL &I &),
Most of the potentially habitable planets found so far are in orbit around,

(A) Pulsars/ ey afswmibssy

(B) White dwarfs/ flessmi@mises
(C) Red giants/ fasiiy Sigéest

(D) Red dwarf stars / &asiny @mubsr
(E) Blue giants/ $so Sigéest

9IFe g1 QBT O\FHUDLITL 16018,
The energy process with highest efficiency is,

(A) nuclear fusion / SisméemniCsisme

(B) colliding matter with antimatter/ ugnigen whnibd s85USTEe6E0T Cnrge

(C) nuclear fission/ SsmyéamiTerey

(D) releasing gravitational energy of a black hole/ sgmiafuisr yefufily ebdulmar ofhaless0.
(E) fossil fuel/ iy a6 srfQungeit

afsmitlaser LeIDETL_subEsT Sfey g Dgdamalmear andiuysier S ameunieanhe L (b UFaTTHEGD
ST HGHSNID. SHeesTGnuItaITsd el asmBIGIhdd BhHaT aseT amuwsGENG Nasefulsd wHmib 2 aT
sumeiisENG 2 a1Cm Sy ugafuTsbmeo.  afswiolass LTELOATL 0SERT Giiged QIEMETIoY

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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9. Baunmed LGUBIGTHD CaaT Wnsy?
The planet without seasons,
(A) Uranus (B)  Neptune (C) Saturn (D) Jupiter (E) None of the above
a6t oS et 1840 Hs0EMEV

1@y surerd ag,a%m

10. o7 aunsd pLlesBrsdyd sfiwaiaiam 10AU Qsrmevaiss Bnésn Qunigss ssr Qasafiyn Oesiid

(Qaso&uws&sd) wia? [ aunsd B abSydSmen sHOALNHST 616015bGHSND)
Calculate the temperature (in Celsius) of a comet surface when it is 10 astronomical units from

the Sun. (Consider the comet as a blackbody)

(A) 120 (B) 80 (C) 100 (D) 75 (E) 88

Gmm
11. B% deiblufiu Aunp sapsdm_Cu 2 aien yafufiiy ofwme ofd F = n;}rg 2 upoord &I (e,
r

(e oF Gpiw aemiEmI@n. ) Beudned QUMW en DS wnes?
.- . . Gmm
Suppose that the gravitational force law between two massive objects were F = ”211 2
r &

(where ¢ is a small positive number). Which of the following statements would be false?



(A) Gamom wimid afus s s0bBs (g efETLIDDE SISHIUL Cossmi(hid.
The total mechanical energy of the planet-Sun system would be conserved.

(B) The angular momentum of a single planet moving about the Sun would be
conserved.
afwmen sHH BeHGD OF CanaTaT maToybsnd EHIGHEILL Casam(hibd.

(B3+¢)

(C) opnriumeulsd Cansiiadss &muapDFs eaT logalt L SHmr 2 ALHHEHEEDG
T E& 101016318

B+¢)

The periods of the planets in the orbits would be proportional to the 5 power

of their respective orbital radii.

(D) A single planet could move in a stationary noncircular elliptical orbit about the
Sun.
oF safiataning afiumaliunss S ndunar ©f oL 0sng Hetas L GHNILTMELTD
G1P60 (PLg UJID.

(E) Asingle planet could move in a stationary circular orbit about the Sun.
oF eaECaaTNG afiumatliunss 2 nduner ©F el SHNIHUIMSUTR Gigev @pipuld

12. The mean mass density for a super massive black hole with total mass of inside the Schwarzschild
radius is,
WwipsSmTey Spen @F unfiu snmiGHlaT Sasn’s Amgel L sSuem 2 eiem  i_FoSuisn sy

(A) 1.85x10°kgm?® (B) 3x10® kgm® (C) 2.4x10%kgm® (D) 9.0x10*kgm?® (E)

13. Consider the following three statements given on “Kepler’s Laws” of elliptical motion
Cansniaaiar pates L BaFafmar updiw Oaleofar BeeaTs0 Tameownear & Hmny wngs?

1.) All planets move in a circle around the sun.

sT60601 @IS AHERD Gfiiss Gof ououioTs Amiobs QF BeesL L UIMSUTED BHEHID.

2.) A line that connects a planet to the sun sweeps out equal areas in equal times.
oF Garmemyd afumenyb Bmamésn GarLaigy swwinT GrrsHn By LUGSUTMET SL&GID.

3.) The square of the period of any planet is proportional to the cube of the major axis of its
orbit.
oF  Ganefsr  emapnssular afban st epniutmsla  Gyerer  AEET  emEsTEENG
T ESEDIDTEEI ).

5x10% kg m



Incorrect Statement/s is/are?
Soupmystt (DI an DI WINGS?

(A) (1) only/ o' Gm (B) (2)only/ w o © (3)only/
101" (hid
(D) (2)and (3) only/ i’ (hid (E) (1)and (2) only/ o1 (id

14. Comet Hale Bopp had a perihelion distance of 0.9141 AU and eccentricity 0.9951. What is the
aphelion distance of the comet?
Gamsd QU aun pLesBsdeT epippatiomwsaryd 0.9141 AU oy sowowsiifphey 0.9951.0 Spai.
oTeTesT Ddgews GImD BmSEATID 11Tey?

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

15. Choose the answer contains the types of reflecting telescopes shown in the following in the order.
&1 snamiiubn OePosImeben yamer afuinst ofmaulsd eraitean ofme ufmear Oafey Aauis.

Bl

Rl
/ |

£ f /

|
(1) 2 3) 4)

(A) 1- Prime focus, 2- Newton focus,3- Cassegrain focus, 4- Coude’ focus

(B) 1- Newton focus , 2- Prime focus , 3- Cassegrain focus , 4- Coude’ focus
(C) 1- Newton focus , 2- Prime focus , 3- Coude’ focus , 4- Cassegrain focus

(D) 1- Prime focus, 2- Newton focus, 3- Coude’ focus , 4- Cassegrain focus
(E) 1- Prime focus, 2- Coude’ focus, 3- Newton focus, 4- Cassegrain focus

16. The curvature of Mars is such that its surface drops a vertical distance of 2 m for every 3600 m
tangent to the surface. In addition, the gravitational acceleration near its surface is 0.4 times that
near the surface of Earth. What is the speed a golf ball would need to orbit Mars near the surface,
ignoring the effects of air resistance?

Q&eueumil Camelest eUemeTey SIEMLDLILNGITLIG SIGH6TT eemenney LIFLIL, &edT LIFLILT6oT
@6UQeUT([h 3600m QHTHCHTLITCUTGID, 2m  HTQHTEMELEMEU  THTCHTHGLD.
SICHCUTL SigeoT LTLN6ST, i Helsmean FLL (PSS  LeuNest(pSHevment
UL (P SSLD GLITeL 04 LOLMRISTGLD. 6T6vTl6dT, Q& eueumil Cametest LITLIL Si(H &L
&LP6V 621 coit LIhHIHGSHCHemaILITe CausLDd UITG)|2616rHSenLemILIL LM &H6u0N58)



17.

18.

19.

(A) 0.9 km/s
(B) 1.8 km/s
(C) 3.6 km/s
(D) 4.5 km/s
(E) 5.4 km/s

In inertial frame S, two events occur at the same instant time and 3 light minutes apart in
space. In inertial frame S”, the same events occur at 5 light minutes apart. What is the time
interval between the events in S”.

M FLHHUSAGTGS s QL. Qb FbLeumssT Gy ChrHleid, 3 epefl
BIOILRIGET Gemaflild HewL QUMID. FL§GaGSTGH S @60 SICH FLOLIQIMIGET
5 eefl  HOILRsefor MNeor  BeoL QUMb eTesfllesr, s @6 H&PLD
FlueumieilenL_ulleomen &mev QenLCleueaf wimgl?

(A) 0min
(B) 2min
(C) 4 min
(D) 8 min
(E) 16 min

Which of the following phenomena is not useful in estimating the distance between two
celestial bodies?

Boumdso argauan Bm amet Uikl s DL G 2_een BATEHMS e
LsTU(hSSOUL_10TL 1 1gy?

(A) Venus transits over the disk of the sun
afwissTer Gomug(iuTsd me Aumud QaserafuTer i OLIFEH60

(B) Stars with no proper motion appear to change their position in the sky when
viewed six months apart
2 Fur paialmes OleNeTp 51s BLESSTBIGMT 6 DISHEGHTOT (T531 Doy STeaTdHmauTsd 6srafsd
Sfsumidsst DAsmioliy 0IHGSHTETIIL_60

(C) Doppler shift exhibited by stars
Bl eo6EmIGTs0 B 0olunid ASITeny BEHI6Y.

(D) A Total Solar Eclipse
LT Gl By esmid

(E) None of the above
57801050560

A binary system of stars consists of star (a) and star (b) with brightness ratio 2. The binary
system is difficult to resolve and is observed from the Earth as one star of 5" magnitude.
Find the apparent magnitude of each of the two stars (ma, m).

@@L  SiMLITNE SIMDHSE (a) WOMID (b) 6TMID Q@ BL&FSSTRISaT6T
Hreneal&sn 2 HGW. QbHH SmlmU 2 MG CFUIHED &lq6SIDTeTHTGLD.
2IGHCuTeL QGs ULOuNed @phg SeugmeNsmauned, 5 afFsearalerer el



BLESHTLTS QHFud. QeueN([® BLESHTRSeNET STHM IEFeTeneUS SHT6T015.
(ma, mp).

(A) 544,619 (B) 511,544 (C) 556,620 (D) 550650 (E) 6.00,5.00

20. 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?

& flwenfetr 2 et QHmemeve|d, eNWIMLPesNlevIsTeT CFHTMEVEID 6R63TMITS
D®BSGLOUTYG, GCeupml Sshisemer CHTEE LWENSGSLD ¢ eleseold,
eflwimpest GUTEL 1.5 LLMKIEG S1HS CousgHdled LWemNeGL. HLUCUTLHSI,

& flenesté &M G0 &LPELLITENS

(A) Spiral - 818608 &(Ih 611

(B) Circle - euL_LLD

© Ellipse - Bemeul_L Lb

(D) Parabola - Q&m(heuenerney

(E) Hyperbola - sigluipeusneanui



ues - B | PART B

2 105 SHMILLBEDSHGSID UGFH — B @60 smewu@Bl elambsendd el wiefldase)b
CeuBpIGHSHTeiTEmeT LILGTILGSHHLD
Please provide your answers to this part using additional sheets.
Write your name and index number on top of each and every additional sheet

1. The most frequent orbital maneuvers performed by spacecraft consist of velocity variations along
the direction of flight, namely accelerations to reach higher orbits or braking done to initiate re-
entering in the atmosphere. In this problem we will study the orbital variations when the engine
thrust is applied in a radial direction.

To obtain numerical values use: Earth radius,
Earth surface gravity and take the length of the sidereal day to be

We consider a geosynchronous communications satellite of mass m placed in an equatorial circular
orbit of radius. These satellites have an “apogee engine” which provides the tangential thrusts needed
to reach the final orbit.

a. Compute the numerical value of
b. Give the analytical expression of the velocity of the satellite as a function of. Calculate its
numerical value.

c. Obtain the expressions of its angular momentum and mechanical energy as functions of
T EmIGIT  JFamaly SIiLGhD B UGEHGMITE UDGGD SmeuTmm e goubnd Smabas
orHon , 2 iyl SEHNILTMESEDET ML gHUbhSeD 2mbGaTme, aaTDUIL 0SS0 WaI(hHD BT
gpubhead shHUTLD SpHumes pan. Besefamrarargs QuiduTsr (Tepdar) 2 malimu ShysdmauTsd
BGH0CUTES SHNICILNMSUTSO ghU(D LIDDBIGMT UHD e BTETHSRBIDES.

STEOTOLIMNONEDT BIGEh&HEHNEH Bapisnssr taiu(heson ¢ yeTulaer Sbhgn
yoluTsr Gonugiy ajly ofwe opniud 2_(hBIeTeaT BaTHSHMesT 61601 beHSNID.

DHTPeTIeN OF 0HSSHCHT1g DGFis L1 o6 EHNILTMSUTEO TGS (HeTen ©F LaTuTsude
AB1meRBNL_i1y AFLDmEHEHTsTET Safley M DpGid. BeNFuPHmadGaHisTed Qummidsiul (heter “apogee”
Aundelunssiny emer Snidiunes sHCUTmSL i Comauuitssr AsihCasIL (¢ 2_smalimL
BHETIDES.

a. B TITOUNIDITSNS ST -

b. QaupmedCaneaisr SmaCasdnans () Carmasulmes DHDID APeIDNS &HIeTs. (T De6oT
STETOWINIDTCT SIS G600 e

C. QBIWHMEHCEHTTDT UMETYHBSSSMET  dpeOinsayd (pl) Buids SHHDMEV , ODND  APEVIOTE IS



Once this geosynchronous circular orbit has been reached (see Figure), Vo m

the satellite has been stabilized in the desired location, and is being set I Te.l
to do its work, an error by the ground controllers causes the apogee Av

engine to be fired again. The thrust happens to be directed towards the 7o
Earth and, despite the quick reaction of the ground crew to shut the !

engine off, an unwanted velocity variation is imparted on the satellite. ! .
We characterize this boost by the parameter. .

The duration of the engine burn is always negligible with respect to any .

other orbital times, so that it can be considered as instantaneous. . .

Suppose

d. Determine the parameters of the new orbit - semi-latus-rectum () and eccentricity (), in terms
of.

e. Calculate the angle between the major axis of the new orbit and the position vector at the
accidental misfire.

f.  Give the analytical expressions of the perigee, and apogee, , distances to the Earth center, as
functions of and calculate their numerical values for

g. Determine the period of the new orbit, , as a function of and calculate its numerical value for

UL SEN  EnaunssGuTs Blewhmadtatmar 2 miduwner F apmiiuImeulsd Csidsinimimy  afmitlasels
sbeL (hiu(hsSesr Ty  &ngsong apogee i Quid  upPufbess. Besied ey yeTuT
afmauTmsn ghuhsSuCsi(h Asmme Ounmeststaiar e Smetas Camun(h ghul L s Deae
goul L. AESFTwesT . an Doy SIGTTSEDIDES.

ound  updelufhe Cpgm  Oswnmedtanaiar  araiDEyL a1 PUTHMeUT Dassfusiamsid Ame
&S0 BEHHHS VDG EHSEVND.

67607607

d. ydus &PNOUNDEUTET 8 DETeyse i Smystaasasason (/) wpmid oouwinohey (), SpHuapomp  UPsIDTSE
616,

e. Qund updlufbe B s Hamev Swmawang ydur epniumsTsr CuysElmbas Bmban Carambms
&6 &

f. oppd BPens CHIMMEMT  DDNID  JPEVIDIG GG, DG FHSIILGDD  DauDis
STETOWINIDTET HNS G600 e

g. QapmasCanatar ydu sruapns Bparar CoHImMGMET DDNID  J«PeVIDTH HITH. DHGID

#hoIIUSEH0 T ulsss sreurolUMIDTEIGMS G



HINT:

For m<<<M

Where, semi-latus-rectum and eccentricity

L is the angular momentum and E is the total mechanical energy.

@iy

M<<<M ShGid Ol s

BP0 AwysAaaioseon O WITDNS  DhHGib.

L Qewpmsdsansiar amamabasdmanyn E Slgar ¢pig Buids hDoavsionsb.

2. It is well known that most stars form binary systems. I o 1 1T
One type of binary system consists of an ordinary star
with mass moand radius R, and a more massive, '“f ““““ '“.
compact neutron star with mass M, rotating around ) A P
each other. In all the following ignore the motion of \ ‘\A L
the Earth. Observations of such a binary system reveal Yo ! !;'
. . . \ ) :
the following information: \\\ )(Aii:; . Ordinary star
5 ,
e The maximum angular displacement of the f U / )
ordinary star is A0, whereas that of the ' o /
neutron star is A¢ (see Fig. 1). \) 0 . ® Neutron star
e The time it takes for these maximum Wi
displacements is t. i
e The radiation characteristics of the ordinary T T Telescope
star indicate that its surface temperature is v

T and the radiated energy incident on a unit
area on Earth’s surface per unit time is P.

e The calcium line in this radiation differs from its normal wavelength A0 by an amount AX, due
only to the gravitational field of the ordinary star. (For this calculation the photon can be
considered to have an effective mass of h/ci.)

Find an expression for the distance | from Earth to this system only in terms of the observed quantities
and universal constants.

AUngess L6V BL E&STBIGHT BHID 67601 (PHDUTHE MEBUTVB BD SweTes D APHG eTsmi_usGmw. v
I e Mo Sy wpmiud R Spgodmen Olenaui_ 618156 B s&S5e6maun, M Saiay Qanmi &ipaud
ufu Qpmbewter Busdrar pLesdremsn Oeraibaiames. Seiamaewnsr Smo o @opulmer
Do saTeHmm Cuiss Béoaane0dmr QSN osbHaeITen .

o ansmreT BLESSISEMT Mbsus Carom B (QLwFES AO awfaumd Husdrer pLesSrédn sy
Ad Dp@ibd.

o Qadeur s S OOUTES gpuBD STV T SHGM.

o snpngey pLesSTeSer Gupuriy Aasiud T whnud ylifmertuun'y pp 6587680 adiaiéer
&6& P pai.



o  BsadialdSnCann &0&D Cai(h Dewr angngar ameuberonar A0 Gemeral AA  Cosmui(hb.
BCunun 1 H&H &IFID sgnget BLasEIbdeT AmGauwenen yauliiy oSmewngn. (B
sam&RshTHe pifsseatar Safalmar h/CA aésmeeon.)

Bbpe0600 Hramiiubn sramer o (b A&l 2 svesmiaiu wifsmmiun uaTubSS WhTedmbas Basaim
BL FEHETBIGETHGHIT SATHSDEHTT CohamasuTmes G,

3. M 100 is a one of the largest and brightest galaxy in Virgo cluster of galaxies. It is located in the
constellation of Coma Berenices in the night sky. It is classified as SAB(s) bc category and
identified as a spiral galaxy with an Active Galactic Nucleus.

A research was organized for determination the distance to M 100 using three distance

indicators, which are individual for each other.

a. During the first method, distance was calculated by using the spectroscopic shift of
ionized Ha line and cosmological redshift phenomena. Frequency of shifted Ha line in
the spectrum was measured as 454.73 THz. Hubble time, when the galaxy emitted these
light photons was 1.26 x 10" years

i) Calculate distance to the Galaxy (d) in units of Mpc
(1 pc = 3.26 Light years, C = 3 x 10® ms™)
® You should use Hubble time in the paragraph in order to find Hubble
constant. You are not allowed to use the value of Hubble constant at
the beginning of this paper.
ii) Express the (da) value in units of Light years and (Au)

b. During the second method, distance was determined by using a Cepheid variable star
which is named as C39 in M 100. C39 is classified as classical Cepheid class I. Light
curve via V-band of the C39 was plotted by photometric measurements. (graph 1)

M100 s157 Sfsmipdaiii(hasds eaiat grduler unsoblaseléolengdatsy eramiubn @F unfus
Syenawner ureblasemiungm. Bay Brey amefsd eramiiuGho Coma Berenices s B e6576
Aan@HuTsn Ssmwbasiargs. Bas SAB(S) Bar BC (Ifalsd aumaliu(hesiil ( opmmb Qgusou(hb
Ol ooy (h B HAT T BT OF DPE0FEHET LIEOElSETILING EHHSUIL(HETIDES.

M100 @p@sisr gnmsalmené siar Copelamsieniu L @F IpuiaTals 3 Asrmevaiharss
BoaBomy &L 1p &l LILISTU(HhSSIILIL L 60T,

a. pes0 womuisiCurgy Swermy Hao Ganiyei Bmormeors mjdfulmes opmid Hswrafiied
Fausiiys QuwgsSiTomen uwsiu(hdd @Tmevey GambSL (UL L G BDIOTmEOUTEYET6T
Auwgsdageienter Ho Ganlper Ssmevblassr 454.73 THz Dp@m. Siisnsdblased
peTsaeatemen al(halss Cunsy amusd Cpym 1.26 X 10% oy pL_Bison g

i, unsOblewsa@eien Qsnmevaismesd (da) MpPC So@aaTsy GisTs.
(1 pc = 3.26 Light years, C = 3 x 108 ms™)

iil. da Bwenr @of wpd opnid (AU) ofwr sugasTsd Qasafiiu(héass.

b. @gavimbd epsmpufsiGuigs Agmmevestergs M 100 Bso C39 s Smpsati . Cepheid
019s0 B e6ETSSMmemenamIh SambdL L g C39, ugsmowmss Cepheid susmal Beo



umaiu(bhdsiu hatores. V-SlmevasfmeuTan s C39 e pafoumenGanh gof femafuisd
APSODEET pevIons GPESILL (HheTenas. (ewsmgy 1)

25 ~_| T T I I I T T T T ] T T T T I T T T T I_:
25.5 _i 3 §—
= C ]
o - 4
Swsl 44 # 344 -
27 ::* —E

: l 1 1 [ e J 2 S R 1 L 1 I = E= = L 11 1 '8 l:

0 0.5 1 1.5 2

Phase

e X-axis of (graph 1) depicts the Phase of the variable star. Phase = 0 - 2 is equal to
57.6 days

e Relationship between Absolute visual magnitude( V-band) and time periods can be
written as follows,

M, = —2.76 [log,,(P) — 1.0] — 4.16
e All the terms of above equation have their general meanings.
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i) Find the distance modulus by analyzing the graph and using above equation.
susmygiTsmess Spymiihas O BFenaTun n e’ LusTU(heSS enmevalDaTss
SHOSTLITL 19 WEOTLI BYIMIS.

i) Using the value of the distance modulus, Calculate the distance to the galaxy ( dy) in
units of Mpc.
g6 UnsblasaTdhageisn Agramealmend (dy) MpPC SsugaaTsd &rsia.

c. During the third method, used distance indicator was the Type 1a supernova explosion
(SN2006X) which is occurred in M 100 galaxy in 2006. It is the brightest supernova
explosion which is ever reported in M 100. Peak visual magnitude (V-band) of SN2006X
was (+13.0).

A typical cataclysmic variable star which exceeds Chandrasekar limit, is exploded as
Type la supernova with absolute (V-band) magnitude = (-19.3).



ApIDMD  (pemmuTssIGLngs A@nemevaybass &t uing, 2006 Opid Bpailh UmLAETUTL gHuLL
SN2006X eiud ainTganswrar Typela ams 6 oy ofamber Oosupssn sHSIULL &)
Beilasy seedar 2 56 gafiiumoar (+13.0) SbheuBsnlh, obSrGsey bl F BLesSD
sty S860e16Ungs Olaaliu(hd  affesdiCann saform gafiumner (-19.3) Speo.

i) Using above data and information on SN2006X , calculate the distance to the galaxy
(dc) in units of Mpc.
Bssroyemants uwsiubhss Type lad gafy efmnbdmris unsbolasstégaion
Aaremeuaimed (do) MpC SsugasTsn srcis.

Using statistical analysis of above three distances (d,,ds,dc) that you have calculated
Calculate :

i) The average distance to M 100
ii) Standard Deviation (S)

Bubopsiny 06m& (Ua,do,dc)  Qaremsvayamen Lweiu(hedd LsiaT afesy Dbuiey «peonis
M100 esomb uneRlasafdhgeren
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4. Solar Dynamic Observatory (SDO) launched in 2010 has given the astronomers the opportunity to
monitor the solar interior, chromosphere, and corona with high spatial and temporal resolution. SDO’s
Atmospheric Imaging Assembly (AIA) is the major instrument that enables this task. A single AIA
telescope has a field of view (FOV) approximately 41 arc minutes. The instrument was designed to
achieve a spatial resolution of 0.6* per pixel. CCD cameras used in AIA have a pixel size of 12 micro
meters.

Two types of CCD cameras were available to NASA during the development of AlA: Type A with
dimensions 2048 x 2048 px and type B with dimensions 4096 x 4096 px.
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i) Using the above data determine which type best suits to fit in AIA?
ii) Also find the focal length of the telescope.



i)

Point Spread Function

Figure shows the point spread function of a point source that casted on the ccd on a particular
day.By referring to the figure, find the astronomical seeing on the particular day on which the
image was taken.
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5. This question consists of a full sky charts in Alt-Azimuth coordinates, showing the skyof
a month in this year. On the chart different objects are marked in different numbering
systems: constellations are noted in uppercase letters; stars are noted in Arabic numeral
and deep sky objects are noted in lowercase letter. The table contains 5 stars, 5
constellations and 5 deep sky objects to be marked on the sky map.

@&Caetaluiied eeulesr HeneLSHHBHEN Y 6TFNMISEHET SIL R
QUEMILIL MRIG6N DOMID @edau(bL SSl6L (b LOTHSSl60T STEILILLL Qe
QUTeM6ITILLD Q& meuni(herandl. Qb& euenILUL §H6L BLFHHTH CFHTG S &Hemern
ShiGe GUATRSHTILD, BLEFSHNRISDET AT 6T(LPSSHISSEMTEILD,
SLPHS EUMETCILIT(TH L S6061T 9} hI&6L GDEM(PSSHISSEMTEILD
GO LU (RerTeng).

(A) Mark the four directions (N, S, E, W) on the star chart.
BT60TE SHMFHMATUILD 6UMTLL HH6L GM&HS (N S E W)

(B) Make a rough sketch of the Ecliptic and the celestial equator on the star chart.
Gilweufl oMb  ManCarer  Hewb(H&CHETE YW HaunHenm
euemIUL &60 GMOILNGHS

(C) Mark five constellations, five deep sky objects, 5 stars on the map as given in the following
chart.

SILL6U6m6emnuilev Smerilil(BLd BLESHHTSHCBTGHG6T, HLF&HJRIG6T
OMID SLpHG eumest CUT(HLSemem @euelenyuLGdled GM&s

A | Lyra (1) | Vega a Lagoon Nebula

B | Libra (2) | Denab b Andromeda Galaxy

C | Cygnus (3) [ Altair c Dumbbell Nebula

D | Aquarius (4) | Antares d Hercules Globular Cluster
E | Cassiopeia (5) | Fomalhaut e Wild Duck Cluster M11

(D) Give the approximate horizontal coordinates of the given objects O1 and O2,
&ML LU (Bemen QUIT(HL&e6M6dT Si6votsuvtenedmssr ElL_&en s
SRS GOIULNGS.

(E) Consider Saturn in the following star map and answer the gquestions
@exeumesnm Simer :

Geographical latitude of the observer, LITJemeuITeifledT L& &Ifl&eNui1e0
AGH6VIMRIG: 7.6°N

Geographical longitude of the observer, LITJ606UWIT6TTI{ 65T
HeN&F&flHallied oL L 1mig : 80.7°E



Observed Time: 20:00h
Local sidereal Time: 19:00h
Right ascension of Saturn: 15h 50m

a. What was the Local Hour Angle of Saturn (at this time)? s hour angle eresres?

b. At what time was Saturn on the meridian at this location?
a7 Dasaf_s50 2 &6 ABHBICHIL ML MhSMLHS CHIm Wnes?

c. At what time was Saturn on the meridian at Greenwich?
gt Sfiatdfen 2 &5 ABhHCHIL ML abeHmLhe CHID wings’

Night Sky Chart



