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(0T01) Discovery of ‘Z’ [25 marks]

You are given a sky map “Map-OT01” along with the question paper. This map shows only stars but no diffuse
objects.

Four known stars (S1, S2, S3 and S4), which are present in the map above, are given in the table below with their
Common names, Bayer designations and Equatorial coordinates.

[Zag Sivovtat T Lo K&Tw 4 YvwoTa AGTEA LE KOVTLVES OXETLKS CUVTETALY UEVES)

Sr.No. Common Name Bayer Name RA Dec
S1 Alpheratz a Andromedae 00h08m24s 29°05'16”
S2  Markab a Pegasi 23h04m46s 15°12'17"
S3  Scheat B Pegasi 23h03m47s  28° 04’ 58"
S4 | Algenib ~ Pegasi 00h13m14s 15°10’'59”

Complete the tasks (OT01.1) and (OTO01.2) while you are planning the observations.

(OT01.1) Your first task is to mark these 4 stars (with a circle around each star) and label them as S1,S2,S3  [6]
and S4 on the sky map “Map-OT01” provided to you.

[KvkAwote kat ovopudote o 4 dotpo S1-S4 |

(0T01.2) An astronomer has discovered a new diffuse object Z’ at the following coordinates — [7]
RA:21h36m10.6s, Dec: -26° 10’ 24.4"
Mark the position of this diffuse object on the same sky map “Map-OT01” with a & sign and
label it as Z". Assume that a linear rectangular grid for equatorial coordinates is valid in the
relevant region of the map.

[EvioTioTe X0l ONUELWOTE OTOV XAPTN TO ovikeipevo Z mov oog Slvetal OTLS CUYKEKPLUEVES
CUVTETALY UEVES]

The following task is to be performed once you reach the telescope station.

On the screen diagonally opposite to your station, initially a welcome message, followed by a sample sky (sky
unrelated to the question) will be displayed along with a countdown timer. You may use this time to orient the
telescope towards the screen and familiarize yourself with other equipment provided at the station. At the end of
this time a part of the sky given in the map “Map-OT01” will be projected on the screen for the next 6 minutes. Note
that the scale of the projection shown on the screen is different from the actual scale seen in the sky.

(OT01.3) Find the new object ‘Z” with the telescope using any appropriate eyepiece. Then centre the [12]
object properly in the field of view of the eyepiece with the crosshair, and show it to the
examiner at your station.

At the end of 6 minutes, the projection will be blurred for 20 seconds. At this point you must
step away from the telescope. The projection will be restored for the examiner to check the view
through the telescope. This marks the end of the first task.

[Ztoxedoete omy amévavtt 086, kal EVIOTOTE TOV OTAX0 TAC. XPNOLUOTOOTE KETA TO ULKkPO TTPOTOPEAALLO Yo V&
QEPETE TOV TTOXO KAAVTEPaL 010 Tedio dpaang]
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(0T02) Lensing Time Delay [25 marks]

Gravitational lensing can result in multiple images of a background source if the source, the lensing object and the
observer are nearly aligned. These multiple images take different times to reach the observer, and if the
background source is variable, each image shows the same feature in its variability after specific time delays. These
time delay measurements are extremely useful to estimate the current expansion rate of the Universe, the Hubble
constant.
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We will consider the gravitational lens system shown in the above figure. The left hand panel shows a galaxy
cluster (lens) together with 4 images of a background quasar formed due to gravitational lensing. The 4 images,
labelled A, B, C and D, have different fluxes as each image is magnified by a different amount. For any given image
the magnification does not change with time.

Light takes the largest time to travel for the image labelled D. The light coming from this quasar is variable, and
astronomers have monitored this system for more than a decade now. The right hand panel of the figure shows the
light curve for the image D.

On the screen opposite to your station you will see a movie of the gravitational lens system. This movie is 28 s long
and will loop 6 times with a breaks of 1 minute or 2 minutes between runs. Every second on the watch corresponds
to 250.0 days in the actual lens system.

[Adyw Tov Paputikod gokod, ot Tyeg A, B, C xat D mov mpdkettat yio o i8to avtikeipevo, Oa xovy Stapopetikd xpdvo
exxiynomg ™mg HETAROANG ™G pwTewdmTag Tovs. Eivat yvwotd mwg n mnyn D Ba eivon 1) tedevtaia mov Oa apyioer va
aAld&del Adapmpdmra.]

(OT02.1) Let the time delay of image D with respect to images A, B and C be given as tps = tp — ta, [25]
tpg = tp — tp, and tpc = tp — ¢, respectively. Find these time delays taking any necessary
steps to reduce the uncertainty in your results.

[Kataypapete tov xpdvo evaplng g umetaforng om owtedmra ™ kabe mnyns. Kotdmw
vIoAoyioTe TV SLipopa xpdvov, My kabuaTépnomn dnAady), amd ™mv Ty D o€ oxéon pe Tig aAleg 3
TNYES. MeTaTpEPTe ol SEVTEPOAETTTA TE TUEPES, |
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