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

DN BIO wewo wn B 0060 8Eno wisB® wew e em ¢ S w3 admo
wos3wy. Use the attached blank sheets for your calculations and also to answer the questions
in Part-B.
Buo® yadnm DEO 000 ydm vrneld® B8Eno wuw 8wd RS Sninw gbwmelde win
DCBBB 5@ ©DB ©IS ECTI®.
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
examination.

D@ W53y wdm W i /Electronic calculators are allowed.

(yewddm o ¢fm / Useful information:
aecIimed @dvw / Speed of light c=3 x 108 m s-1,
080y oDambas Bwnmw / Universal gravitational constant G= 6.67 x 10-1! m3 kg-! s2,
Solar Mas/g8waned efmeide Mg=1.99 x 10%° kg,
»waE Baemwe /Hubble constant =75 km s~ Mpc™?,
peceofmum i /Mass of electron m.=9.11 x 10731 kg,
DY Bedoes Bwmae / Wien’s displacement constant = 0.0029 m K)

8o 8808w d K08 ©nhLewrsy @Gt DB B ydmw A BEBT wuwsIm.
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A exmo0es | PART A

g D0®® BGO® B Bmd BYw BIO ®wewr cBewdd WOOBTH eweBm SO
e,

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

(A) 598 d8Emc §e8®w / Pauli’s exclusion principle

(B) »8e5328d ¢dB@Bmmn §cdd®w / Heisenberg’s uncertainty principle
(C) omdm 0@xm0 ©-ed88 Bw®w / Conservation of angular momentum
(D) @reddsen 38 Bw®w / Conservation of charges

(E) 9vn B8O @x0ned. /None of the above

H583m W@ 08T Y ey Oed BO BE BB B¢ § O, @iy e BE
8830 @B monyed ger®n mGed,

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

(A) @@ w30 / a white dwarf is so dense
(B) 20057 e @388y DEY mB BS® / a white dwart is made of Carbon and Oxygen
(C) gvssyno Badmre cdensidn @m d&r @5 DB
The pressure in a white dwarf does not depend on its temperature
(D) gwssins BRme, cdemde 8@ ¢5)eCIi®d wimwmidn ©
The pressure in a white dwarf increases linearly with the temperature
(E) gvssins 8Rme, oD 80 yBeci®d w@imdm 3O
The pressure in a white dwarf decreases linearly with the temperature

R0 BE»Bes vFwidw (millisecond pulsar) BEFeenw moery W@ wemsIm. e
o8 eI O (pulses) mEOEmw ¥ YHewHons e (arrival times) BoDesd .
80 wBwemO ©yd AiFseme mE 80 ®EOEOW @i §orf Bwc® wusle 1uS y®&ie B
@D. 00O y®rcw B8EWI0 DEDmwW Beo ¢ BYw »®, sFwrdw,

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) 300m ©288w @¢e0 /300 m towards the Earth

(B) 300m ©2a88ewsy 900 / 300 m away from the Earth
(C) 100m 288w @¢es© / 100 m towards the Earth

(D) 100m #288ewsy 90m0 / 100 m towards the Earth
(E) 1um ©2a88ews’y 900 /1 um away from the Earth



4. 0 0 0@ e DR BiFvene ey Wil Bnuin. &8 2dBw mFac 10
BT eocnenns 0D. 0d® ém SDEHOWS BOOH® BE Ve !
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) 089D Bauces’ow 3 X 10%km © &) age / It must be smaller than 3 X 10%km in size
(B) 2edmed BanesDw 3 X 10km © D& &8 / It must be larger than 3 X 10%km in size

(C) 0e8mned Bauesow 3 X 10°km © D& a&e / It must be smaller than 3 X 103km in size
(D) 2edmed Banesow 3 X 10%km © D& &8 / It must be larger than 3 X 10km in size
(E) Banesow o1 R0 Bo®mw »e e / You can’t deduce anything on its size

5. Bddw mye mO-n 8gd® OB Semw(CMB) ©O 03RO §EBO® ofnd dxned,
Cosmic Microwave Background Radiation (CMB) occurred due to,

(A) Beocencs/ Inflation

(B) ®@%0 885;® / Big bang

(C) yBweoowdsmw / Recombination

(D) ¢80 yBescabO ¢ Dedexme / Particle antiparticle annihilation
(E) e38ww myenog / Solar storms

6. 850 Bomd Bw v w8 BdDs eWeom YHeEIm gmdsy D188 y®rehus s3yd ey
Dmed,
Most of the potentially habitable planets found so far are in orbit around,

(A) sGes00 / Pulsars

(B) g3¢20® moy / White dwarfs
(C) o ewdwsy / Red giants

(D) 6 D@2 =6 / Red dwarf stars
(E) BE ewdwsy / Blue giants

7. B0 86 B8O BBY AEBw EReD viB HwdBw,
The energy process with highest efficiency is,

(A) 2583 Bcw / nuclear fusion

(B) e3¢080 00 gBescabO ©3@® / colliding matter with antimatter

(C) 2838 daedm e / nuclear fission

(D) »& mwdem @odimbsen amBe own 3@ / releasing gravitational energy of a
black hole

(E) es08c 9zt / fossil fuel



OB wwm SWsTDG, 58w D B @0w edmE DeE ecmmO 8O Dwidn O
a8 svemsin. OO DgE 2 amd, dBC DeEecsy 8Om v awnsImnd Doy’
HFRED BBV D18 & 0530 B. OB hwed YO D w,

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 (B) A
2 F
8 8
& 2
Distance r g Distance r ~
© A (D) B
£ =
8 o
g g
= -
Distance r o Distance r »-
(E) n
oy
2
2
Distancer o

9. c®® gwecim e¢ndsy warn edcwn ©NOB gvecdme , The planet without seasons,

(A) Uranus (B) Neptune (C) Saturn (D) Jupiter (E) None of the above
JedesB un RO evNed

Yodnmred e85y @830



10. 50010 gbwwoed 80 10AU ¢85 83w 98 @980 cdeandw(ecwEBwes DExY).
(OG0 maden Dednd e B8e®EID)
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

Gm,m,

2+e

90 DenG DEn e¢mn ¢50 Qo ImSe e AC B®w 0®otd ¢ g»d8 Bnsim. F =
11. r
£ BB @0 WEN B weaBOA. v Do OB DOE gewms @d¢?

Gm,m,

r 2+¢

(where ¢ i1s a small positive number). Which of the following statements would be false?

Suppose that the gravitational force law between two massive objects were F =

(A) 9v - gdv sdRBed Y& wrsifm alBw wodBm e
The total mechanical energy of the planet-Sun system would be conserved.

(B) 8w 000 O8O »B gweEimwm omddhm OOBHD, wotdhm Sw v w.
The angular momentum of a single planet moving about the Sun would be
conserved.

(B+¢)

(C) gvecim O ®0dm mE dhed »FBOE edwvsied DE®O

8eCIOD @i hmed.

The periods of the planets in the orbits would be proportional to the B+2)

power of their respective orbital radii.

(D) »8 gwecimwmd 8o ©w@sed , &Hdd DaFdmimc ©5%0n 9ES8w®
DBBBE OO WE W BS.
A single planet could move in a stationary noncircular elliptical orbit about the
Sun.

(B) »B8 gwecimwemd 8o 88sed , §Gdd Darymumd mEewm ©Os53 »E B
A single planet could move in a stationary circular orbit about the Sun.

12. 8 dmstae 1 X 108 Mg 02 988 SaniE »& mwiwm 88 B® OeEE tCD o®asys
B OG DR ed,
The mean mass density for a super massive black hole with total mass of 1 x 108 Mg
inside the Schwarzschild radius is,

(A) 1.85x10°  (B) 3x10° (C) 2.4x10®° (D) 9.0x10% (E) 5x10%
kg/m? kg/m? kg/m? kg/m® kg/m?



13. g» DEvw BEAC omdRd Bu® o svn wewsy gme DEsY D108 ymnw/gme

OsYesI?
Consider the following three statements given on “Kepler’s Laws” of elliptical motion

1) Bee® gwecdm gdw O 58wm 308D 888 § 9BBwimmd @vwm ©®sY
®OA.
All planets move in elliptical orbits, with the sun at one focus.

2.) S 9 eI WmOD) e8DD 681 MEOEE 8@ DEOSE By OE.
A line that connects a planet to the sun sweeps out equal areas in equal times.

3.) 9vem @ddn wced Dine 8 mWved ¥ gFsed @¢bled wmwed

3ECIOD @ ixyBm @d.
The square of the period of any planet is proportional to the cube of the major axis

of its orbit.

D108 ymnaw/ymn Os3esy
Incorrect Statement/s is/are?

(A) (1) s®€ /only B) (2) @& /only (C) (3)=®& /only
(D) (2)»o/and (3) @< / (E) (1) ®o/and (2) s®< / only
only

14. 0@ 00d QO oned v wdumae 0.9141 AU »i SemsIgmmdw 0.9951 e® 5 ®.

wle Yomed evw BO=e?
Comet Hale Bopp had a perihelion distance of 0.9141 AU and eccentricity 0.9951. What
is the aphelion distance of the comet?

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

15. gebe 080 Buwm ¢reEim Boen 80HsY 8D ¢ g &0 B0 8BEedBsY

OB DSw ROW?
Choose the answer contains the types of reflecting telescopes shown in the following in

the order.




16.

17.

18.

(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

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?

30N BadWed D06 B Badldwd &EulBwd Boel gm0 0dxs) wdm :® 08 3600 »O®
808 2 m 8o vammwn 8ced. @®wd ad@mdd , 20T BIdWE FBBINEEE QOTOY HOCEHw
sanded OO gos @57 0.4 genws 0. D yBHeddde ernwEm HB85T emEd eadcws
30N BadWw gesined Do B0 s O edvw WOWE?

(A) 0.9 km/s

(B) 1.8 km/s

(C) 3.6 km/s

(D) 4.5km/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”.
S 5® D88 rgom, OO Weer el v eI 88T 3m ¢dmBw eDIdORsT & BB
e 8Bced. nO S O 2ddEd8 Edm, JO 8IR ecw® mecim BB 5m gdmBw
O3B BsT Beed. S’ O wedHed 88 amd mE YInow ROC?

(A) 0min

(B) 2min

(C) 4min

(D) 8 min

(E) 16 min
s9m B e0D RO BedOW amie Din 21 @md O YBOD cvewdd S ex3nA¢ ?

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

(A) y8wwied maddw ®n 8¢dn B0 eI Buw
Venus transits over the disk of the sun

(B) 8010 sedied wiede DEm G 02018 »0 DE B8HI® @ 6 0 D=
edmed & HiFeems HIO.
Stars with no proper motion appear to change their position in the sky when
viewed six months apart

(C) 5 e8535® WS> etdEE ©6:® (Doppler shift).
Doppler shift exhibited by stars

(D) yoen v gumws 8gDO.
A Total Solar Eclipse

(E) 9vn BEO= evned

None of the above



19. 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, mp).

&80 mcm 8ddBwn dBw ¢mc gmwmw 2 O (8) v (b) »5 OEST ©wesIdn ©d.
e®® 8D momo 8B Ba8ed &B ¢eds O8xsY O BemO 05y EDBIO WELNOD
@O O gm0 8dnm DaEHdw 5 O BGO ol ¢sd 8 0d. Bo; ece®B cams
BacEsDas (Ma, 1 Mp) @02 DB e DI,

(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?
gOBO®IR W WH Boed 8O FwuuBO w®i 0B BED: Hednm 80, guiduBed
B8 eDow 0®x7 1.5 9erwm 0DnwWwBsY ©BS YweEI® WS ®OZY HOH
BwsIdmwm 0w 838. swn wews’ RO $or 0D gusdm® wimed mEew 1 E€
®o&¢ ?

(A) 880968 - Spiral
(B) Dar¥moma& - Circle
(C) 9BBe0238& - Ellipse
(D) 206082 & -Parabola
(E) n0E=»&-Hyperbola



B @zde | PartB

aBe8m emE @wnBEsY snn yAm DEO 8D weswrIs).
5:® gBebm 8RS vnwm»® 9gnEsy AVed HXO 5w Bo® G BEWST WOBIBY.
(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 Ry = 6.37 X 10°m,
Earth surface gravity g = 9.81ms~2 and take the length of the sidereal day to be T, = 24.0 h

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

o

Compute the numerical value of r,

b. Give the analytical expression of the velocity v, of the satellite as a function of g, Ry, and .
Calculate its numerical value.

c. Obtain the expressions of its angular momentum L, and mechanical energy E, as functions of

vo,m, g and Ry

aBO DI OB Ead Ve ¢ eDnw edmE BBO, OO OIEed WmWew edmE BEOO
@WIHDEDD) FYHCHO BHOEDCWA .COHie ECH PVE PBBLHO ®OY BEOO DI HOCeHw
BB, e PO o SO B Ofemw BB ¢Dw wi™.

gdw 1) § mBeem 0057 »0D ERTIVG.20 BCHYY B BHOC OV M 0B Dsigm wnd B
apogee“OsI8sTO8sY ” S @DwsY wewd ew® BB ¢daxs BudBv emdy® ca od.

3015050 BenmE BBO wews sad8ed @de Ry = 6.37 X 10° m ,madded 95508 $ocenws g =
9.81 ms™? eEe v 33w ¢Dem 8o ow 24.00 ecen oy,

A Ty B @O oW HERD® HOBIB.
b. Dx¥8med edow V) wew gmwamew g Ry vy ¢1@dsy chosim. 68 waxssdom gowvg
©e3wsIB).

C. O5Igmed »E8s emddm ©@usm0 (Ly) ® g wistgm Vo ?’F’.’_‘
em3Bw (Ey), vo,m, g, Ry arggecs? ewiesys. »”J#_AVI ‘“‘-\
Once this geosynchronous circular orbit has been reached (see ,
Figure), the satellite has been stabilized in the desired location, and is 0
being set to do its work, an error by the ground controllers causes the i
apogee engine to be fired again. The thrust happens to be directed \ .

towards the Earth and, despite the quick reaction of the ground crew L
to shut the engine off, an unwanted velocity variation Av is imparted Y
on the satellite. We characterize this boost by the parameter g = N .



£¥ The duration of the engine burn is always negligible with respect to any other orbital times, so that

Vo

it can be considered as instantaneous.

Suppose f < 1

d.

Determine the parameters of the new orbit - semi-latus-rectum (I) and eccentricity (g), in
terms of rq and £.

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

Give the analytical expressions of the perigee, 1y, and apogee, 7,4, distances to the Earth
center, as functions of ryand B and calculate their numerical values for § = 0.25

Determine the period of the new orbit, T, as a function of Ty and 8 and calculate its
numerical value for § = 0.25

G0l 838 D0 mEBemO DD 0wid BE B8 IR 9188ed gown B8 8¢ mom CID
enOrdde Ben 98 apogee I8 corme 00, OB 888w @cwd eweem $edd dcewsy AV

yedo O ¢ 00. 082 8dx B yedo O& 8® = é—v DO 868 Bewsy O,
0

O5IE® cormdw B 0B WE 801w DBIEED 08D EBO el WD 9mo B BT OO cvmW
Hehmd 8D DO CBDEBDIG DE OUD.

B<1aud 8.

d 290 nFsed 688 D5 ¢dd WBw EOww () v SemsIwmd(e), rowi 3 &wdsy
@WINBIB.

e. »eBoed O8O cormw OB O ¢8r) CA® BBYO ceclmwud »d msed & geed 80
B omdens OB o @WsIB).

f. 20 »Ffsed 828810 CBTO o (8530 B cFs DEO 388 ewriced 8O ¢ ¢oOE O
Tmin® Imax  @¢¥0 Z20@s Iowo B @ey8sf ewiesIm. B = 0.25 0 gduded &0y wewo
280DV OD HWBWBBIE EWIWBTIB.

0. 05IEm0ed »0 g0dn wee T @ ymames Tow B ¢edsl ewwsym. = 0.25 o

800D T ¢ e300 g0we @wsIs.

HINT: For m<<<M

r(0) =

Where, semi-latus-rectum [ = Z

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

o8w: M>>mdz 80

r(0) =

008 add 28s EOvw | =

l
1 — ecos(6)

2EL?
GZM?2m3

12
Mm?2

and eccentricity e = [1+

l
1 — ecos(6)
2 2EL2

L
GMmE ()] 8@2:553"80575)0@ E= 1+ m @d.

L 0wz »8ws emdmm 0@xmde E v wdyden aBee oD



It is well known that most stars form binary

systems. One type of binary system consists of an I i 1 11
ordinary star with mass mo and radius R, and a more Q——t ———————— .——.
massive, compact neutron star with mass M, r Y N
rotating around each other. In all the following Vo A0y
ignore the motion of the earth. Observations of such o oS
a binary system reveal the following information: vV AR .
Yoo ro) @ O:dinary star
¢ The maximum angular displacement of the 4 \/‘(\,'\f 5
ordinary star is AO, whereas that of the ‘\\ Vo i
neutron star is Ad (see Fig. 1). W\ ) Neutron star
e The time it takes for these maximum R
displacements is . i
e The radiation characteristics of the ordinary T
star indicate that its surface temperature is T v T Telescope

and the radiated energy incident on a unit

area on earth’s surface per unit time is P.

The calcium line in this radiation differs from its normal wavelength A0 by an amount A\,
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 (I), only in terms of the observed
quantities and universal constants.

502 2357 @ewIRWE (OO B0 8B O YO WO HB. OB O DSvwE @O Drieny
O Bemm DO 88w O dstdeM g Byeddm mc602857 (Neutron Star) o &fmsidwom ¢
&80w Re § 6080205 m00m008A (Ordinary Star) .e®® ydmed @added DEmw emawEmo H35Im.
OB O OO Bo sdBwE BB Peenw S BWH E@HICHT @waw BB C2.

800055 B0 680 emddhm Sddwmw AD D5 end Byeddm n61ed OO enws Ad @d.
000 ¢u3® OB end WE BSHT® T ©d.

©0@ys BOED OnBY e T O ¢nd 88w ausImed OO HICHD s 2dm
BY00 P 0.

MEBsO® gDordem o830 OF w@@iys BCe® §widw O A0 O D& AN B&bismeBsy
2eded. 0O® eDmWO WO ond DTery WIS BHID MwImed sOBB Qo imEses
ACHB. (0®® vemms BRI wcw @ocdm endeddm wnd h/Ac wdc dnsides &8 2D
BICDB D)

eO® emIcRd O ®cwsy ¢ 8O FEd; BOEOD ¥ Koy 8Dy Bwm FRECS @200,
©2880d 8O &850 mdmm 8B @B ¢o (I) wewo ymamws chosIs.



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 108 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.
i) Express the (da) value in units of Light years and (Au)

M 100 ece vw@sedsiery d8end (Virgo) @x3¢dén 0wmod gus 0 2SB05® v SmEn®
Os¥eoB e anlsl O OsicBhe O and f gwed Coma Berenices »o0zmn hBw ©d®
®oensy 88 gm. e®s SAB (S) bec v 08B8mcen meddded gur w88cimd vt wBae
Os¥eoB o 5138dwnw (AGN) o8 @90 Bww DD wEznens &rD.

000 TR MwLO ¢J vy BBO wewr B0 slodvenwts @Om® WO Gy and 95
OBy BDiwm § ¢d cdam 3 ewicr ©¥BEST ¢d v BT HO .

A quhman HB88EsT 8 Hy 0800ed 500 gwi®@ed Sedismw v 8dde duln dudsse
(Cosmological redshift) csewed@ »ceB8sY (6 @BTHO ewey) YOO BB Beda8nm
Hy 082000 woansome (Frequency) = 454.73 THz 20 28€x0dE BBFsentOm ¢in
OBy ewiws OB C19w. OB Hhw OO peETme Se®Idmw WO iy ¢d8elde VAE
mce (Hubble time) = 1.26 x 10 *° Years @ ,

i) OB Rwed aB ¢ (da) MPC 885Y wenmw mosiv.
(1Pc=3.26 Light years : C=3x 10 & ms-!)

¢ DIC Bunoed e0w 0O00ed Ee ¢ ¢ofn &19eds’ ende ¢r and, e®®
sped Yc & BenesiOe aonwsy E@8 @B emded ¢wd B »wIC
Buned gos omEST® 0idnm B0 RO gD ezn&».

i) (da) @ow erecdm dD&s DESY v myery Smm (Au) OEST ems®e 0d¢?

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)

00D POl OxfB % mIed BSS C39 8 cwdBd (Cepheid) 80cxs micmd2s (Classical
cepheid class 1) csewdd mooBRSs ¢6 vemms DOm0 Be. @82 cepheid S0cxs
mdzmeed V - band ©ows eecdm Ox) &SoEnice B8seasi®nm ¢ofn #ecsl BE®iemw
®OB) C13. OO yEGISw snBBY ¢w¥do am.
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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 [logyo(P) — 1.0] — 4.16

e All the terms of above equation have their general meanings.

yeE¥mded(x) efeed mEi© (Phase) Bduess O and &8 Phase 0 80 2 ¢on moEe 8
57.6 @2.

eudd | D8ned momdm Biedws 2dn Bwmem (V-band) o ¢@0&m mes gnd
@5

My = -2.76 [log 10 (p) — 1.0] — 4.16

w2 8OV OB C1e). e wdmSTmed ©¢ ey Thed @O ab0 6.

i) Find the distance modulus by analyzing the graph and using above equation.
yEow deCueans BBe®nsT v gun B®mSenw §1gedsy ¢d e (Distance
Modulus) eeowsIs.

i) Using the value of the distance modulus, Calculate the distance to the galaxy (dp) in
units of Mpc.
O® @gedsy OB wwd @i ¢d (dy) Mpc DEsT nvermw mSsTs.

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).

RBIO HOeE & ¢0 cdame e vIdm mIT cded 2006 Dwed 8® ViR dmed B §
SN2006X 5® 8380x® Type la D8wed gudesnd 8yoi® O and 98 8yoed®, cud®
caws &Sm BDwoeme (peak visual magnitude) (+13.0) § aend, OxfecEmS 8D
(Chandrasekar Limit) »00200 g0 w@e® 8005 2dBwd (Luminosity) gcg Boede
2l BanEmye (Absolute visual magnitude) = (-19.3) = @D.



i) Using above data and information on SN2006X , calculate the distance to the galaxy
(dc) in units of Mpc.
9D ¢IB wadmewsy, Type la gebenydDd agedsy M100 53¢ dwwd @B ¢ (d.)
Mpc 88sY venms mIsIs.

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

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

s ¢Scsam 3 (da db, do) OB v o ¢ M100 5O @s¥erB&wd &

i) ®w5s ¢0,
i) ©0®O® 280®m® (S) ems®enede?

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 AlIA have a pixel size of 12 micro
meters.

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

b) 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.

Solar Dynamic Observatory (SDO) &8 gwsdma wmw 2010 dwed @dsion BBe®xy emncid
wluwed emdnd a8 SewcmeRsy ¥nd EHed. OB ©bw emMedisNd, DEemerdEw e®I®
assImie 8EAchHe mHOn® morey adnmw HBOO SemwrBsy w0 viBd gw. SDO wwmed &
DO cumiams O AlA ¢edmte sd0Bw o® wewr comd @d. O AlA ¢edswm ¢Sasy s
(Field of view) @ux¥sy Daewsy mEo 215 0. dw B8Fwcsd 8m 0.6 » Soem dceBs! gutnae.
AIA 8 @18 CCD m@600d o Blocem y@emws 08end 808 124 .

a) AlA comdeons Bdoicr ¢gdled mw menms wnd D86 e¢mm ccd @ By, A
D8wed ccd @ O y&iems 2048x2048px § ems B d8wed ccd wm®dh O O
4096x4096px Bw. gvm» & @ ¢¥m wdm S AlA comdens wewr Dt oRessiesy
DO ymoed CCD @0 wilimy ewwsim. »0¢ AlA ¢edFdswm 08 ¢o¢ vemmw@
®OBIB).



b) ©® mwem@ 9® CCD m®cedsy am @B 8w DEndm Diwdisws o ©g 2uLonm
CcalBe D088 o (point spread function) Gised ¢fed. d¢ csewd® moevs O© Exned
gwoedd “¢BO” (astronomical seeing) ewowsIn.
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Figure for the 4th question

5. This question consists of a full sky charts in Alt-Azimuth coordinates, showing the sky of

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 letters. The table contains 5 stars, 5
constellations and 5 deep sky objects to be marked on the sky map.
000 y@erw DO Co&, DS 85 MY Yo GIr DKy OE B wdn Dy RBIBLY
oY 000 Duneld wd iwwm Gif gve cWedn Bo BRWERS gifm @ (Alt-Azimuth
DeBe0em GOWO W) B0 BBwe® SBW Dy BOY gwmwes’l 85T ¢ Fd .
200 S8 @88 :80F am8xsy ¢ @B @mC mdmo g8 B8 ¢y am.
VOO Q0 gnedd e Dy @G 80uE amBxy culor gm.

(A) 8e0dzY w36 (N,S,E\W) ece 8B0® ©n cmyes m»osIs Mark the for directions (N,S,E,W)
on the star chart.

(B) 0598 Deed wn dendc 8@med ¢ wdvn sEra »0sIm. Make a rough sketch of
the Ecliptic and the celestial equator on the star chart.

(C) 29ed eDr @B m0m0 G 5, m6mm0 5 @ O@C; ewes gimn Den 5 B0 BBRwe®
&R HODOE BED e DOBID.



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

A |Lyra (1) | Vega a Lagoon Nebula M8

B | Libra (2) | Denab b Andromeda Galaxy M31

C | Cygnus (3) | Altair c Dumbbell Nebula M27

D | Aguarius (4) | Antares d Hercules Globular Cluster M13
E | Cassiopeia (5) Fomalhaut e Wild Duck Cluster M11

(D) 01 e 02 ec®s ¢ g8 Densy D Bl dedthem (CBImImens © EEen-nw) GawsInm
ec®, Eusin.
Give the approximate horizontal coordinates (altitude and azimuth) of the given objects O1
and O2.

(E) som ¢80 18 m6; B8BBee®8 ¢ 0wmcsi 9veEid eCm sun yan DEO 8End; Bwrsiv.
(BwdS s108ED ewewsy mosiwy), Consider Saturn in the following star map and answer the
questions (steps are required)

ABFemwed odneaw, Geographical longitude of the observer: 80.7°E

RBfeen @000, Observed Time: 20h

BB w vy mce, Local sidereal Time: 19h

eumycied Bydeonas, Right ascension of Saturn: 15h 50m

a. owmydied evdc emdes veamns moxsisy, What was the Local Hour Angle of Saturn
(at this time)?

b. ewmyc: evesnd eost DB 0D®, At what time was Saturn on the meridian at this
location?

C. §BD B8 cemgo gvoewnd §ev 808 oD, At what time was Saturn on the meridian
at Greenwich?




Chart I — Night Sky (60 awes ¢izfeds sowvn )



