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

D565 23E© e3een) 2329 B 62910830 BE5)G1 251238 e3een) @ @) ey &3ed
2828 %025 SB35, Use the attached blank sheets for your calculations and also
to answer the questions in Part-B.

£35D® & DEO 6O 3EB 35)6IO BEB)G 233305 £3c5e) 2RI HenIKCS

ADe3BIGEE JeHIB KNERIRBE )1 6B ¢S BEBI®.
Answer all the questions in this paper and submit all sheets to the supervisor at the end of
the examination.
B2 B3B3B) ¥NIB) 290G 912 /Electronic calculators are allowed.

2365325250253 22532 / Useful information:
$6ETmEE 8d®%G / Speed of light c = 3 x 102 m s™,
£3507%5) QS DIMEGRL) B3c55)065/Universal gravitational constant G = 6.67 x 107" m* kg™ 5
Solar Mass/g38 w06 ed20253cs M= 2 x 103 kg,
DS B352)65 /Hubble constant H = 75 km s~ Mpc™1,
96RBGIYIHBR edWBIN®G /Mass of electron m. = 9.11 x 1073 kg,
823 SedDe35) B30 / Wien's displacement constant = 2.898 X 103 m K)
2§60 (1253-6DIEOed@1255 53c525)65 / Stefan—Boltzmann constant = 5.67x108W m2K 4

BonE 88985256528 0O 25)D6271253 oBE3 AT 4128 BB DRI BER S 2323¢525325.
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01.

02.

03.

04.

2 - 622023/ PART - A

600 6201062 BBE® »uin 32 DB BD1S8 DS55 625367 @ 12
eBIHES 825)6c5e83 230WBI S BIH.

Choose the best answer and record it on the attached scan sheet.

The sun has three major zones in its interior. What are those three zones (listed from center
of the sun outward)?
23805065066 A0BBIHHEG BRIB DHEEB 62088 DBWO 6D #12). 6O 62108 BB
238516 enssImSec B0 88603%3 dmec

A. Core, Mantle, Crust

B. Core, Convective Zone, Radiative Zone

C. Core, Radiative Zone, Convective Zone

D. Convective Zone, Radiative Zone, Chromosphere

E. Radiative zone, Convective Zone, Core

Given a star of 70 solar masses and 20 solar radii, what type of star is this?

@25 Ge ZN62ID B3NS 3865651665 2mBIRB @253 70 253 83en D Scs 238356
#3565 6@ 2028 ©9. @@ 562D OB BNGZI DEBD B 2353 ©@De?

Main Sequence

Giant

Dwarf

Neutron Star

Supergiant

moow»

The latitude and longitude of Delhi are 28.61 degrees N and 77.21 degrees E, respectively.
A star at which of the following declinations never rises over the horizon in Delhi?
9253805169 2H5)DS D) EFE 2esiBr0 28.61N 232 6K 77.21E )R B 412). 6O
EEB HHEBED BEeI LNWB) GBI 6NDBT 2DEIDBS 231685) GHIBNE BIEEIDR
B)IB3B DB DBGS

. 60 degrees

45 degrees

0 degrees

-45 degrees

-60 degrees

moow>

The semi-major axis of an asteroid in the asteroid belt is 3 AU. What is its orbital period,
in years?
62 38D O 2B mBB) T 3 6. 6@ ¥NWERN ADED 2IE®S ADSE
RIs¥a)

A. 90 B.52 C. 27.0 D. 2.1 E. 3.0
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05.

06.

07.

08.

09.

The mean orbital velocity of Jupiter is 13.1 km/s, its mass is 1.9 x 10?’ kg, and its orbit has
a sem(ij—major axis of 7.9 x 10° km. Compute the angular momentum in Sl units (Joule-
seconds).

DenedesBeld 2B 36dME 13.1 km/s D5 56 D8 ed2BAS 1.9 x 1027 kg 60. 6@
DBl 480 @ BEE WS 7.9 x 108 km 6d. QednBed’ 62I%m HOBDIDG
®eRB)S DB,

9.0 x 10%2

2.6 x 10%7

1.6 x 10

2.0 x 10%3
25x10%°

moow»

What object is left at the middle of a planetary nebula, and what is the largest mass at
which this object can exist?

©% OeFNE B5918202% OB BB 51 Dedd @2 Jcs HBE? DO DefHDO
@) O 62388 R BING dwIe?

White dwarf, 1.4 solar masses

White dwarf, 3.0 solar masses

Neutron star, 1.4 solar masses

Neutron star, 3.0 solar masses

Solar system, 3.0 solar masses

moow>

What causes the “Kirkwood Gaps” found in the asteroid belt?
©2202 38 BE BEDR B BIOD 65D @xse?

. Mars

Jupiter

Saturn

Uranus

Solar wind

mooOw>

Calculate the escape velocity of a planet with twice the mass and 1/3 the radius of Earth.
23 Badeds B3NS @53 BB EHE 83 BaDecE A6 @B 1/3 DB ©NEEID®
DewsI® 36D®E Ge3IBBIB.

9.2 km/s

11.2 km/s

13.7 km/s

21.2 km/s

27.4 km/s

moowp

What size telescope is required 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 away from Earth?

2ags B38HH 10BN WEOB 2B BIsE OBB 4HNS1EE Badds @5 B
dm®encs 2300 km D) 28102 BBBens EB) CAB. 6@ DD 628253
Jeedems S BEBencs HES ey &SeWHmBO 8PBS §7) DO SFWONS
6E8IBBIL). 60O 24De8DI6DE NGO 8DB® &6 54.6 million km 9. caks 635HE5S
G0® 265®¢5 550 nm .
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10.

11.

12.

13.

34.8 mm
26.1 mm
15.9 mm
10.6 mm
7.7 mm

mooOw>

When taking the spectrum of a galaxy with redshift z=1, the H-alpha line (A=656 nm)
appears at what wavelength?
B3I BB ERI®SS DEHDEGO 4250 DB S’ JedDrsmes 1 6d. 6@
®53e1B 605 OGBS H 2131 (A=656 nm)eB Re®) caws 3G 2I3IOG GLIIGEIL).
A. 656.5nm
B. 326 nm
C. 656 nm
D. 657nm
E. 1312 nm

Which of the following Messier objects is grouped incorrectly with its type and
constellation?

8302 832053 0@ 8 el B3 D DE @S 832 DS eBo) 87 GO BNSED
8322053 650D BG5S

M4, globular cluster, Scorpius

M27, spiral galaxy, Sagittarius

M42, emission nebula, Orion

M57, planetary nebula, Lyra

Ma87, elliptical galaxy, Virgo

moow>

The famous Halley’s comet appeared in the night sky in 1986. The semi-major axis of its
orbit is 17.8 AU. When is it going to return next?

23805651 DD VOB © B3 686 @ @62 5d DEB 1986 & @D 12D Ics. 6OH 83 @)
25352805 17.8 AU 6D 25O, 53053 68E6@ &® 625250 24230 @) H D56

2023

2061

2064

2093

2065

moowp

5782082 Eddington limit 302 88208650 @5 ©e55)6 S5 GEd.

Eddington limit of a star can be calculated by using following equation
4nGm,C

Lgga =
or

92%) 28OS 6l D2 D2 Be RO 853618 6BS® .
Each term of above equation represents its general meaning.

Crab 8ces:6608 2922530065 1.4 Mo 93 2 D6 e &6 2200 pc dm 856 683360Imc2%
232530 1.67x10°%" kg @d., o1 = 6.65x1072° m? 5 , 8:580:8 B8 sms2pd Crab
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14.

15.

16.

3 e8666 DD EdBeEE BBBens WG 1D E4BIBNDEG (620 BHBIDG ©2HD5S
B 5208 05) G213 &ne?

Mass of the Crab pulsar is 1.4 Moand it lies 2200 pc away from Earth. Mass of a proton is
1.67x102" kg, o7 = 6.65x1072° m?. 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° W m™ (B)3x101°W m™ (C)3x10PWm?2

(D) 3x102°W m™ (E) 1.5x 10> W m™

FERMI 2059206 6828 O@Ex3 Crab 01821060 § 100 MeV ¢eqes® e (flares)
BBR8HE OB RE 60® BERBens BemEKHO Bes] OB BHGo® &r5IDG
®OEBIE?

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?

(@) 5.00x 1012 m (b) 5.00 x 10 m (c) 2.00x 1012 m
(d) 1.24x10%2 m (e) 1.24x 10 m

6®IBs 581 631252 JE@DNcS 216282 2285 (2 pe) ©D. D 8RB O BI6%) BDIEHCS
107 25 @®. 2.4 m 3dS8cs 285 HDE 25025 688 OGS 608 6vIBi ST
63,268 BIBB) 82 BSEE DBEHBBS 6DBWS HEENGBOD FDWBE 5O, DS
ce828608 B0 BB @B ¢B38@ 28 8D ¢esB® DHEEB mIBOBmE? (D
B3B2282)6536 53902 2ads 3B G 83@125) &6 DB B3 D@ BHEHE (i = 90°) 2151295
B3IB B DD EBWABBIS WOBIB) £38 216RTEE S ORBIBE BIG0® 226530 5000 A° 6.
Diameter of a globular cluster is 2 pc. It has totally 10" number of stars. What is the
maximum distance limit which Hubble Space Telescope with 2.4 m aperture ought to
resolve individual stars within the cluster? (Assume that all stars in the cluster are
distributed in a same plane (i = 90°) and separated from equal distance). Mean wavelength
of white light is 5000 A°.

(A) 2 pc (B) 20 pc (C) 200 pc (D) 2000 pc (E) 20 000 pc

35D (A) OB c’ed 13653 Type 1 OBBO %553 68BR) JOEB 5162 eI I
5edNESB. BSeE Béedms 45 JIEsDE M = 50 28 59, D@ 6B DG
5282000 e &8 483535 DKHEEBS E218O e ? (B) G138 OBHS 6e3BR) JOES 5827
D@ 4B -2 e3DE BN i Ed.

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.
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Apparent visual magnitude

17.

18.

(E) & a2® e85 13@18002%3 3iz. (Given data is not enough to solve)

Zubeneschamali (B Librae) 208278 BV 0350 246355 0. e &98cs 130 Lo D) 5)S 2adsis
895 DnRBIDB V = 2.6 6. DO 516210 B &6 ©213@ €% 6DE? (1 pc = 206265 Au, HS166S
2as)s &) JKIEBIDE -26.7 25 6RE8 BEWBIB).)

Zubeneschamali (P Librae) belongs to the type of BgV. Its luminosity is 130 Lo and apparent
magnitude V = 2.6. What is the distance to the star Zubeneschamali? 1 pc = 206265 AU,
Visual magnitude of the Sun is -26.7

(A) 10 pc (B) 20 pc (C) 30 pc (D) 40 pc (E) 200 pc

Bamdes 80 pecim D838 JBwnm 15 5 1B 8OBH 858 dEHONG Pecim 8B
1.00 x 10° 253 ) 5265 BB Dagy DD OGBS wYe 5Go® 283D IBSen BBEO OB
1.34 x 10°° rad &%) G&5e3® 8R0S BBEH D S DD BEBencs WE® G&. 6® o423853
DED6E D2 D228 (u) 2 OBHS Je® BSIBB®S (q) BERED 2358 DBIGLT BHB
OB FzN&HBE? (3651 GEBEE BHBID BEIOBIE 2EEEL DIGED BBBIGEE 638
BEWBIB).)

A primordial Hydrogen gas cloud that has intrinsic diameter 1.00 x 10° Light years has distance
of 15 billion Light years from Earth. It imprints a bright hot spot of 1.34 x 10° rad on CMBR
all-sky map. With respect to this observation, what is the correct statement about the Curvature
(u) and declaration parameter (q) of Universe? (Assume that density parameter of the Dark
Energy is a constant which is independent from time).

space curvature deceleration parameter
aDm@we Dmmd (U) Oxfeme De® sc@He (q)
(@ 10 q="%
(b) |+ q> %
© |+ q<2%
d |- q<Y%
© |- q=" 6/18

+3.5 .
I Type | {Classical}
> 10° Cepheids
—
3
2 0% Type Il (W Viginis)
3 Cephelds
£
£
+4.5 3 'I'Uz'n.uq,-u&ﬂ
RR Lyrae
1
5 10 05 1 3 5 10 3050 100
(A) Period (days) (B) Period (Days)
(A) 2 pc (B) 20 pc (C) 200 pc (D) 2000 pc



19.

20.

8@ dRDe DR BHBIDE 1.0 x 107 kg m3 &7 S GBI BHBSD 86HO9BS
(Qy) = 07 =5 8d. 8BS ew DE BHBIDS, B3eIED DE WHBIDES %)) B3eIEB) WE GBIB BB 61
SO B BHS2 OB 5O JEDEE BeBS H6® 8EISBGES () M 292 s §B) &?
Critical density and the density parameter of Dark Energy (Q,) in present day universe are
1.0 x 10% kg m® and 0.7, respectively. What should be the value of Declaration parameter
(g) if the radiation density is negligible when compared with the matter density of Universe?
Matter density of universe is given by the following equation.

RIGRICIE IRV E) 539 _ 3Hsa
®C5 8E) CWHBOS  Pm = AG
(A) 0.05 (B) 0.01 (©)0.14 (D) 0.27 (E)0.30

d&dSes yesrdencs £3esr Bedr S JeddrB®ms Z = 1.5 28 D @85BSz, e 3 s
BB8ew 65 B Pecim 6mIedIrn BRS S5 Q) 2ceEE dudecr 88@re%
232002065 (Scale factor) 2@ BB eysse? (@5253@325)@05’8 238®@7r8% 230025 (Scale factor) = 1.0
RO BEBIB).)

What is the value of Cosmic Scale Factor in a galaxy which has a cosmological redshift of Z
= 1.5 when it emitted light photons which we use to observe it today? (Consider the cosmic
scale factor at present as 1.0)

(A) 0.1 (B) 0.4 (C)0.6 (D) 2.5 (E) 10

7/18



32-625)2023/ PART B
8O 3@ DR (5 0®) BB%)E 8323c525325)
Answer all (5) questions

21. Badeld §FNIDE WWBeE Sedr 4B DWHSI %DIG 8E6EBEHIHISEE 3DIB®
Celestron C 1400 8®xes #6555 8DS 14" (356 mm ) & /11 ce8w58wkz ¢8e®m5S DGO
5X  Barlow 299028 230® 8935 G 0@ SBIG ST-8300M d8®ked Jfmd&en CCD
@505 GRIDOB) BGRB ¥1030513 DG AG Ak 23685)cs @8O eseen) Desree B3 DS
QenedsB ©ncre ©mB8wIr ¢3¥HBBIer DEBG B36sId WEHBSE B¢ 3B @)
38558800 E 2010/10/18 % €x €30 2010/10/25 3586 ICS G DEH DS ERIOBIBN GE
2436505123 4800 25 37)B53 6)IGI 0T, 280t e EB) R1R) 2516535123 10 285 DO 23207 B2
& g12. Pic (1-10).

.« GO® MEB ME CIDOBS 8163513 4800 ABB BEBO 676576135 D 6CEBBY
1853602 M BBBI®) BYANBI S OB/ BEBO® BEIB) GBHMNEDER
ce8isel cans Wednens! 8O8EHEBEHO 9DHO %OB 6IWME D IO
260505123 4800 JS3eEB 856653 683163516 012 Tes .

An experiment was designed to measure the effective Field Of View (FOV) of photographs
taken by a new SBIG ST-8300M monochrome CCD camera which is connected to a Celestron
C 1400 telescope [14” (356 mm) aperture and f/11] that is located in a space laboratory
orbiting in the Geo-stationary orbit. The camera is connected to the telescope with a 5X
Barlow lens. They have used orbital movements of Galilean satellites to fulfil this task. Here,
you have been provided 10 selectively edited photographs (Pic 1-10) among 4800
photographs which were taken within 2010/10/18 and 2010/10/25

e When they analyzed 4800 numbers of photographs , they could find that any of the

Galilean satellite except “D” was not able to entirely move off FOV of the telescope

2010-10-
18

2010-10-18

Pic (1) 13:42:49

Pic (2)
8/18



2010-10-21
08:37:39

2010-10-20

02:06:39

Pic (3) Pic (4)

2010-10-22
04:02:19 Pic (5)

2010-10-23

03:37:19 Pic (6)

2010-10-25

05:10:49 ,
Pic (7) Pic (8)

2010-10-23
19:02:29



A)

1.

2010-10-25
12:17:09

2010-10-25
19:14:09

Pic (9) Pic (10)

D® 2976535123 62501823 55565 23S A,B,C.D 6535 ©iBB515) EB3HANB LT €3N B35

Identify Galilean satellites in these photographs which are labeled as A,B,C,D by
analyzing them.

DO 43050013 63D 4x5)D, D esens’ DB MBEBIBZ) cB8¥MNEGR 66 DO WIE
862805 BE DE®S ¢B66ISB WEHBOB 9™ g68mBcd 8IME CCD 2nOEIEDSS
CDIOBIB 915085128 DE DG Cads 256HB)6 32083605 @) OB 9. DO E3EAE)
DOze ?

According to these photographs, FOV of the photographs which are taken from the
telescope equipped with the CCD, can be measured by using orbital movement of one
Galilean satellite. What is that satellite?

QeHedBB ©910 6O €5 DDIFD BEE Badecs 3O e ORBENS &S 6.12 x 108 km 5.
92 2682380 8IWE CCD 21@EI16DBS ERINSS 61651518 DG W8I Caks 236HB)ds,
@) A) 2. &} DD WeNB WE BHMNBIGE 41651013 DE eedr DBBIG 1E§eds’
®e5)S 2C XD BIB).

e B8 ¢3YNBHO QenedsBReus O B &b B3z DWD 1 &3 2830 .

If the average distance between Earth and Jupiter within this period was 6.12 x 108 km,
Calculate the FOV of photographs which was taken by the Telescope equipped with the
CCD, by using orbital movement of the satellite that you mentioned in A) 2

e Distances from Jupiter to Galilean satellites are given in Table 1.
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DBBE5rB) ¢23%)2005) QenedsB §encsre@s 30 ey &b

Galilean Satellite (km)
Average distance from Jupiter
657 (lo) 4.21x10°
§667e37 (Europa) 6.70 x 105
©1E3O8) (Ganymede) 1.07 x 106
2 8eded7 (Calisto) 1.88 x 108

Table 1 (9®Qd 1)

B)
1. O® 26305123 636683 8 D 512368 Pic (8) 22350 F1e® Je¢is £3e3® @wse?
What is the special astronomical event which was captured in “Pic (8)”?

2. D@ Pic (8) CCD 263657518365 BSICIGHB) @A) A 2) & 5O EH BE EBHMNBIGE I DS
OB D Dewrwenz) e mE® 8 R IS Pic (8) CCD 4165051386 €
23931665 JFOMNE B236233 31 (31 Pixel) D CCDOps 5)O Dagz0® s OB ©2365I K)5)
G1Dcs. SBIG ST-8300M 32 2n®@5r6d, CCD DSBS 3802 23€53 BB &FH2 658531
23638 6D, DO EnBBr%B) ¢BK)MNBIGH 285 DEWDMB ©EBBS WEBIB).

One scientist thought to find the true diameter of Galilean satellite that you identified in
A 2). He calculated number of pixels along the diameter of that satellite using a software
called “CCDOps”. There was 31 pixels along the diameter of that Galilean satellite in
Pic (8). Calculate the true diameter of that Galilean satellite using following technical
specifications of SBIG ST-8300M CCD camera.

SBIG ST-8300M (Monochromatic CCD Camera)

CCD Chip = Truesense KAF-8300
Pixel array = 3326 x 2504

Chip size 17.96 x 13.52 mm
Pixel size = 5.4 um

Assumptions:-

e That Galilean satellite is a symmetric sphere and it has same equatorial and polar
diameters.

o Distance from the Earth to that Satellite is equal to the distance from the Earth to
Jupiter.

CBEEBL) -

o DO 3K)MNK 888D 61IEEE IS D BSEBs %1 WP DD 283@r25) ©d.
o 2aI6s 30 DO EBEAN®HIO #B &S Bardeds B PenedsBO B ¢SO 8@ 6.
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I Figure 2

Figure 1 X

61388 2 OB ctedxsies’ CL0024+1654 O &2 N6z ded 8BB0r e
QOB BEn DN 63 HEmiE CRA® OB 6:WEH. 6@ S®
JedD1232565 (2) = 0.39 285 DD 6232650 WBIBN B&. DD 5123668 (X) GREBS 5O W3S Y JBDSH
OBBS BS13:5 %) OBIEIBB SO 2 &6 2543.2 Mpc DD Ge3Ic5INB) 1) 3.

6®IE1238 BO8B B2 cS153518) eWBRNE M D5 BB (S’ IEBEH 27D 5% OG5S
0 5O ¢55%)@ 6% 62Ie%iH 53 ) FeRIWmEG 21O WS B 2121565 6123¢5 1 & 2255
A1), 0 5O QSB3DIEB D ¢ 53%)@ €% 62T 6 DG LB IS LBRDELID 320
6D, D¢, o 5B 9B W 6ZTEH2.

4GM
hC?

8E2253%5 B3052)65 = 6.63 x 107 Js

o=

0 = B8B83, S = 2593, S1 = S B BV, L= QS3DrmEBen 27Dcs

h = QS5 1EBEH 2D 6E 0 e BSem DO mHEE HSH) 46EIH HEe
B3 @0 IO 5O D) edDrBEO B DM &8 (91D 62TEHcS - Impact angle)

6@ 0,p,y (3%5) @ 2B EZTEH 6. DI B tan 0 ~ 0 GEE3 WBES H.

Figure 2 in this question is a photograph of CL0024+1654, a cluster of galaxy which acts
as a gravitational lens that is located in Constellation Pisces. It has a redshift (Z) = 0.39.
Distance to the galaxy (which is appeared as refraction images) labeled as “X” in this image
is found to be 2543.2 Mpc

Figure 1 in this question depicts a point gravitational lens that has a spherical symmetry
with mass M bends the light rays in deflection angle of a. The relation between
gravitational deflection angle and the mass of the lens can be given as follows, (a is
considered as very small angle)
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1.

2.

4GM
XX =
hC?

In Figure 2, O = the observer/ S = Source / S1 = Gravitational refraction image of S

L= Point gravitational Lens / h = Impact Parameter (which is known as
distance from the lens mass M to the intersection of the undeflected light ray with the lens
plane.

e 0, [,y angles in this question is very small. Therefore tan @ ~ 6

2863 B)emIendBz 515882 2)@ ¢8366IB HEDBD5S QS3DIMEB® 27D )
BB28265) 659 205 6BPIDO S1 YBDDencs eS5) GzTERCS 0 L3€,

92 _ 4GM(DS_DL)
C2DsD,

+ Bo

52) B3OS EBcs DYPBIBBIB) WEBIB.

Derive the following equation which gives the angular position of the S; image () with
respect to the straight line between the Lens and the observer.
6% = (M) + 86

C2DgDy,

DOB B3, QSDEBEH 1793 (L), 23005 (S) 29 B3B2582 ) (0) 23S oo e8Hcsd 3OBI %)
3O (B = 0) 2B2530823 DB HIO DEWIZNIS BB A#15556d). 6O B53OB %5 DS
6237 2380 (4B53e30B 23 24505 = 0F) e3e25) D) B3OS S DYRBIBB3B) WEBIB.

When the gravitation lens (L), the source (S) and the observer (O) are perfectly aligned with
each other along a straight line (B=0), it creates a ring-like image which is known as Einstein
Ring. Derive an equation for the angular radius of this Einstein ring (Einstein radius = 6 )
using above equation in 1.

CL0024+1654 6525 QO30 BB €% D6 $B255edOR2S %565 O = 2.75 x 10 rad DD GE3IBIN L)
G 5 2.4 m JDSEES 838 HDE cedBecE cads 8612366 BHG® %6310 AL 6O
385330853 DEER deedermes 26 5382586005 HBE? (A white gt = 5000 A°)

Radius of the Einstein ring in CL0024+1654 was measured as (8;) = 2.75 x 10~* rad. Can
we observe this ring by resolving it through the Hubble space telescope with 2.4 m diameter
using the Visual wavelengths? (Average wavelength of white light is 5000 A°)

Q) 2B535) ¥IBHEE BT CLO024+1654 525) QE1SD1ZEB % 210D 08 83832 @B3IB A 6231268
232 BIS DB WOBIB).

Calculate the mass of CL0024+1654 galactic cluster which consists the gravitational lens
using above information.
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5.

23.

1.

29557852 ©renm i B8O DEO 345D 60O @ederB 631268 92BN 2 x 10° Mo DD
6233650535 €. BO® 2NBE VR YNL 4. & GDINSS NGBS 6IBES DLBIGLS WO 6AIBDLS
K281 Des ne? (8385651 6@ Sz BIRS = 2 x 10% kg)

Photometric observation revealed that the galactic cluster has a mass 2x10° Mo. What may be
the reason for this deviation of two values? (Mass of the Sun = 2 x 10%° kg)

ReE IS BOessIE Bdenme® 45102120 888 DD HGP% D) 384w DB

8a5)J50 6RI16%HT 6e3BBS 8@1B BANEEIDZ BN ©B BBOD 6vied 83x55es’ &

B8535, R DE 305y BB BEDEBHO .

o GO® ¥NEEIGD %O &n 2130 D DEBBHO DB BRIGHT 6B #NED. DA BDIND O»
S (A) 5O P¥edKns §)HNEEIED 55 #ERNE®IRE @ BHOI .

o Meridian @823 ®2) (A) & Zenith 2586 £30 De3SZE HSt (@ @ 5)96219) BBOH) D@
6238025 &6 10° 75 05 56 D& St (zenith) REBBEESS 22988 E6DD D5IHD BBOE.

o D6ed® De3G2E Meridian @2, Zenith G386 0 56 8eBOxm 388 sz &b 90° 5
emem 62230 BB 6d. 6O 88® ) DO D)) 281® DEBBED 4B 6d.

Suppose that you are on an Earth-like planet for a vacation as an invitation of your alien friend.

You may have done following observations.

e A day of this planet is much shorter than its year. The location you are staying (A) is located
on the northern hemisphere of this planet.

e The minimum angle which its sun (the parent star) appears from the zenith at (A) is 10°.
In this day, its sun is located on the meridian and southward to the zenith at (A).

e The maximum angle between the zenith at (A) and its sun when it crosses the meridian is
90°. In this day, its sun is located on the meridian and southward to the zenith at (A). These
are the extremes over the course of the year of this planet.

92 6BISHEL BB W3S ©BOB DO ¥)NEEID OB,
i) (A) 3 epeiesr0®cs
i) ©%EERI6 6T ezidie 125536 (Axial tilt) (€856 E BB

By considering above observations, find;
i) The Latitude of (A) on the planet.
il) Axial tilt of the planet.

VD@ 953G BD55DB) KDes BB 41553653 DO §)HEED @) VD BDIND 9 SH (A) 8B5S
68630656S® 1000 km e2€5 E60dD D253H 8533 (B) 2O tIrmnm®. 2868 DS Emsme
(A) 8801568 (zenith) G280 $D® e2Ten 253 52D Meridian 681D ) HS BeFO 5 EMEEE
(B) 83012568 223 §een’ BDenrm BDansizIcs (Summer solstice) 850 B 5O, DO §)NGEIGD

6B D05 OB

The house of your alien friend is situated at the same Longitude but 1000 km southward to the
location (A). That place is known as (B). In one day of each year, when the sun is located on
(A)’s meridian and at the minimum angular separation from zenith of (A), The Summer
Solstice is directly overhead of the (B). Find the radius of this planet.
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3. 98e008585% ©03121HROB @O ®D 8T K dE®eE §H®m 88D DD
©2326309 B3 BE. 6@ DEBSS Bard €x) 31283 6D M)V, ©NERIGD WSV 4ER) @) 2p2ssBcs
(Semi major axis) © €526 23S 2283135, (K DE®EE D182 5782102 QBB 2253 0.6 Mo
%)) 83258 DEBs2S 3258 E2) 36528 DD BWERWBIB).)

With a spectrograph, you determine that the star is a K type dwarf star. If the length of the
year in this planet is 31 Earth days, calculate the semi—major axis of the planet’s orbit. (Mean
mass of a K type dwarf star is 0.6 Mo and a year in earth corresponds to 365 earth days)

4. K d8®%6E D105 56237 E9B 0.1 Lo 5O &, 60O §ANEERIGD HEeRERT K (Albedo)
OABHEBE Bad #FeRERT #KE DB 0.30 O 8@ HHO )1 B HEBN®IS $DSEHEBS
©)%HEEIDD AEE2NBIB) DD BEWOB §)NEEI6D OB ¢ FersIdDws BEens mEBSn. (HBSed
EedBcs = 3.85 x 10%° W)

Luminosity of a K type dwarf star is 0.1 Lo. Albedo of this planet is equal to 0.30 which is the
average albedo of the Earth. Estimate surface temperature of the planet, assuming that there is
no any greenhouse effect. (Luminosity of THE SUN (In our Solar System) is 3.85x10% W ,
Stefan—Boltzmann constant = 5.67x108 Wm2K-4)

5. @ BDHRD ) 265 (A) 5O 1565 8eBD) 12536253 DO ©)NeEIED GMe @D 30 @83
6000 m %) W€ Y% 6. WBBBEEE Digge®IFE % 8D dDEDHES 24/ 28 5O, D@
2302253650 24228552 DKEE B3 X1DI2IGD (Circumpolar) 228350 BB BIS2NDR) 2D 2)1555365
(Declination) 2®)cs G203 &5? (DO §NEED 88D 6KIREE 6EEN BEHBIB.)

The place (A) is situated on top of a mountain which has an elevation of 6000 m from the sea
level of that planet. If the atmospheric refraction of starlight at the horizon is 24/, what is the
minimum declination for a star, to be seen marginally circumpolar for this location, (A).
(Assume that the planet is a symmetric sphere)

24. 1O 6®IRIES DedB)DES E3cs AzfBes DDy R R VYOS IO OGBS DO DedK)d D
2238® 6D®H 0 8195 18 IBBIO B26d. 6O WS Jewr YEAE® DR 5D 950 B8E3
6esA). OH® 60 BedHmed DO d¥RBier IFIMNG Rideed BOB® ©2B5eLSesS
530G encs eI DedBed )EIDY 53DEEH:BO 23@1%) J6@%3. 6O B B80BsS BB=IBeHcs
35560 ddmed i Dedred 6x3n53eese518 ARG QSIS 655edL DE) 92O
516025 6@ ¢ D DD, GO B35I63 1IN WSO D21® 5SZNDZ 2322 BDIOD 512D

5388 %)®en 6K v = \/? DD 635DBI®.
D585} 8B5S 1.4Mo D 28201 36cs 10 km 05 Bgedis m8210% %)Oen 5ed®NG

6eIRBIB).608 B BgeII®m 80D 6WIF1ZME RGK BIDBB) DO EB3WEBBGB
2DEBIB.

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
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25.

a.

observer: when the centrifugal acceleration exceeds the acceleration due to gravity, g). This is
a good physical limit on the expected rotation speed for compact stellar remnants.

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

©)63EIDEE eB3RNE DB 2324 423 IR %)@ %N 2EH) CAR. O3 6RIGAIOGZ %)
323 DEBS 295 WEB) FRBIEH DK 8% 628RE Bwk® 6:1¢) HESE. 6@ed 53053
Bs® 327 62386 66 5)53DH BSOS PrKEnsS s I Yenedsd) GwIed dwm B3
623900 BSewis WS . 6O M) PAIBBEES YNB) DB WIS 6266 $DED
IR 2827 DBIEHEBS O 8DBB 0OF 66518 L) BB, DBIEHES BEDED eBIBDBL 23025
99D e1sied.

One of the advantages of having many test particles orbiting a parent mass (planet, or star) is
that more sophisticated methods of mass determination become available because you have
more data to work with. This exercise will verify that Kepler 111 and Newton gravitational law
applies to the Galilean satellites around Jupiter, and will produce an estimate of the mass of
Jupiter

9202 QD 1025 WSS y 425865 23225 log(p) & X Az$Bcs 2322 log(a) G638 G818 HES25S
23289 238892605288 B3E@16003 S B3H. B 4238 23ee0) 88O D2 10 WSBIB.

Using the above table, create a graph of log (p) vs. log (a)

05351665 %)@ D8 s (@D | QensdesBde 8O B &b
Name of moons D8x3) (SD38)
P= Orbital period (days) a= Semi major axis( m)
lo (26c57) 1.77 4.2 x 108
Europa (§6532%) ) 3.55 6.7 x 108
Ganymede( ®15369%) ) 7.15 1.1 x 10°
Callisto (2)828d607) 16.7 1.9 x 10°
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b.

92 DD EINSS 3edIISEO eI 8DWSEHS GL3IBBIB).
Find the formulae for above graph.

4am?a3

6®® G(my; +m,) = = 2892 G €05 66518 DBISBS 90 5edDISES 425)%)@ e 25T
Cer 30, 6O 8IS OBH GG AHWOBEE FKG 2EDKEESS 3/2 O 8@rB) DD
6353D535).( 60O 8IS D 623280 G 105 620 23 WEBIB).)

From the graph, show that the slope of the best-fit straight line through the data is 3/2 of the

; 4m2a3
value obtained form G (m; +m;) = ——

92801665253 DD IB2T ERINSS 2892 EeH6 S %535 DTS 23521 VD DT 830 23S
GBS} 88 mEEH6S 22552):D TSI 23@12) 296 QedesB 6 FWMBINE DEHBIS WEBIB.
Calculate the mass of Jupiter from the y-intercept of your graph.

3k 3k 3k 3k 3k 3k 3k %k 3%k 3k 3k 3k k %k 3k 3k 3k %k %k %k 3k 3k >k %k %k >k 5k 3k 3k %k %k >k 5k 3k 3k %k %k >k 5k 3k %k %k %k 5k %k %k %k %k >k >k %k %k k k*k
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