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1. Ha xos ctpana Ha Jlynara Homrra € mo-TbMHa?

OneHere KOJIKO ITBTH.
3apaua 3. BeposTHO cTe HaOII0/1aBalId KaK OKOJIO HOBOJIYHHE OCBEH THHKHS CBETEII ChPI Ha
Jlynara, ce Bmxnaa u cinabo cusHue Ha "TbMHaTa", HeocBeTeHaTta OoT CITBHIETO CTpaHa Ha
Jlynara, kosiTo € 0ObpHaTa KbM 3eMsTa (TIereaHa CBeTINHA).
* OmneHere KOJKO MBTH BUIUMHAT OJsACHK Ha JlyHaTa B IBJIHOMYHUE € MO-CHJICH OT
TMernesHara cBeT/inHa Ha JIyHata B HOBOJyHUE.
* 3Be3anHata BenmumHa Ha JlyHara B meiaHonynme e —12M.7. KakBa ¢ 3Be3gHata
BesnurHa Ha JIyHaTta B HOBOJyHUE?
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2. The “Iridium” satellites give brilliant flares due to reflection of sunlight from their highly polished
main mission antennas which are highly reflective plates, each of size 188 x 86 cm. A satellite was

overhead at the time of the flare and the apparent magnitude of the flare was —8™ at the centre.
a) Draw a ray diagram and make a rough estimate of the area on ground covered by the beams

from any one of the antennas.
b) Find the height of the satellite above the surface of the earth.

8. A pulsar located 1000 pc far from Earth, 10 000 times more luminous than our Sun, emits
radiation only from its two opposite poles, creating an homogeneous emission beam
shaped as double cone with opening angle o = 4°.
Assuming the angle between the rotation axis and the
emission axis is 30°, and assuming a random
orientation of the pulsar beams in relation to an Pulsar

observer on Earth, what is the probability of detecting

the pulses? In case we can see it, what is the apparent

bolometric magnitude of the pulsar?
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1. An astronomer on Earth observes a globular cluster, which has an angular diameter o and
contains N stars, each one with the same absolute magnitude My, and is at a distance D
from the Earth. A biologist is in the center of that cluster.

1.1. What is the difference between the combined visual magnitudes of all stars observed
by the astronomer and the biologist. Consider that the spatial distribution of stars
in the cluster is perfectly homogeneous and the biologist is measuring the
combined magnitude of the entire cluster.

1.2. What is the diameter of the astronomer’s telescope, considering he wants to visualize
the cluster with the same brightness that the biologist sees?

1.3. What would be the difference between the visual magnitudes observed by the two

scientists, if the diameter of the field of view of the biologist is also a.

9. Interstellar distances are large compared to the sizes of stars. Thus, stellar clusters and galaxies
which do not contain diffuse matter essentially do not obscure objects behind them. Estimate
what proportion of the sky is obscured by stars when we look in the direction of a galaxy of
surface brightness # = 18.0 mag arcsec . Assume that the galaxy consists of stars similar to
the Sun.

3 3apaua. [la npeanonaokuM, ye BCHUKHU 3BE3/IM MMaT eJHaKkBa cBeTumoct. Omnpesenere
OTHOIIIEHHETO K Ha Opos Ha 3BE3/IUTE ChC 3BE3/[HA BEJIMYMHA MI0-MaJIKa WM paBHa Ha M + 1,
KbM OpOsi Ha 3BE3/MTE ChC 3BE3/[HA BEJIMUYMHA [T0-MaJIKa WM PaBHA Ha M , KOUTO OMXME
BIKJIJIM TIO ISUT0TO HeOe. Pasriienaiite cieHUTE CiIyvau:
* 3Be3MTe ca PABHOMEPHO pa3npe/ieieH! B IPOCTPAHCTBOTO.
* 3BE3/UTE ca paBHOMEPHO paslpeliesieHu B IUIOCHK clioi. HabmromaTensT ce HaMupa ChIio B
CITOS.
Tabnuuata chabpika TaHHH 32 OOIIMs OpOIi 3BE3/IM ChC 3BE3/IHA BEJITMYMHA ITO-MaJIKa HITH
paBHa Ha JiajieHa 3Be3/IHa BEIMYMHA, KOMTO JCHCTBUTEITHO CE BHXK/AT HAa HEOETO.
PasrienaiitTe s BHUMATEITHO U JIaliTe OOSCHEHHE 3a pa3lpPEICIICHUETO Ha 3BE3/IUTE JI0
Ppa3jiniHu 3BE€3JHU BCIIMYUHU.

3BezqHa  OO6mi Opoit  3BezgHa  OOmr O6poit  3Besgna OO Opoit

BeJINYNHA BEJINYMHA BEJINYMHA
0 3 5 1466 10 380200
1 11 6 4732 11 1026000
2 39 7 15000 12 2588000
3 133 8 46240 13 5894000
4 446 9 139300 14 13120000

1. Sirius. It is known that the so called “Dog Star™ (Sirius) is the brightest star in the Chinese sky.
And in what else districts on the Earth Sirius is also the brightest star in the real sky of this district?
What are numerical characteristics of the borders of these districts? Note: you should take into
account only stars in their historical-classical meaning, i.e. Sun. planets. etc. should not be taken
into account.
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6. Monitoring of a star. There was a monitoring of a bright star in Mumbai over a whole night. It has been
done with a 14" telescope in three wavelength bands (B, V and R bands). Assume that the observed
wavelengths can be approximated by effective wavelengths of 450 nm, 550 nm and 700 nm for the
observed star. As the night progresses, the star is seen at different zenith angles and hence the starlight
passes through different thickness of the Farth's atmosphere. Consequently, the extinction due to the
Earth’s atmosphere changes; it is minimum when the star is closest 1o the zenith and maximum when the
star is rising or setting. Sample data are given in the table. The air-mass in the second column gives
effactive air-mass of the atmosphere normalized with the air mass at zero zenith angle taken as one.
Magnitudes are correct to 0.05%.

6.1. Plot the appropriate graph and find the apparent magnitude of the star in the three wavelengths, in the
absence of Earth's atmosphere.

6.2. The Hipparcos satellite gave a parallax of 0.0076 arcseconds for this star. Mark the location of the star in
the H-R Diagram given separately.

6.3. The colour index can be calibrated in terms of the stellar temperature. An cmpirical fit (for the region of
H-R diagram to which this star belongs) is given by:

B-V =-3.68 log(T) + 14.55 (where T is the absolute temperature).
Estimate the temperature of the star.

6.4. If the particular star was in the constellation Orion, which is the most likely candidate out of the four
brightest stars in the constellation? Write the Latin name of the star (you have to write in roman seript,
spelling mistakes will be tolerated as long as the name of the star is understandable).

Zenith Angle (deg) Air-mass B magnitude V magnitude R magnitude
JenutHOe paccTosnne (°)  Boaaymnas macca  3p. semuvuna B 3. BeaMuuba V  3p. seanunHa R
i5 1.035 2.80 0.85 -1.00
30 1.154 2.85 0.835 -1.00
45 1412 3.00 0.95 -0.90
60 1.991 3.20 1.10 -0.85
69 2.762 3.50 1.30 -0.75
75 3.785 3.90 1.55 -0.55
81 6.053 4.90 2.15 -0.25
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8. Clusters. Using the moving cluster method, the Hyades cluster is known to be 45 pc away. This
open cluster is important as a standard candle, because we can use it to determine the distances of
other clusters. However, the interstellar medium absorbs light making a star appear fainter and
redder, which is called the interstellar extinction Ay and reddening Eg.y), both measured in stellar
magnitudes. The true distance modulus can be computed using the relation

m-—M=5 logd -5+ Ay.
The empirical relation between Ay and Eg.y) is
Ay = 3 'E(B-V)-

In Tables I and II, you are provided with photometric data of the stars of the two open clusters,
Hyades and NGC 2682.

8.1. Make the colour-magnitude diagrams of the Hyades cluster and NGC 2682 using the
provided scaled marked graph paper (A). In the diagrams, draw the main sequence line of each

cluster.

8.2. Plot the colour-colour diagrams of the Hyades cluster and NGC 2682 using the provided
scaled marked graph paper (B).

8.3. Assuming that the interstellar reddening of Hyades cluster is negligible, derive the interstellar
reddening, Eg.y) of NGC 2682.

8.4. Determine the distance to NGC 2682.

8.5. Find the absolute magnitude and colour index (B-V) of the main sequence turn-off star in

each cluster, approximately.
8.6. Which cluster is older? (Write in English «Hyades» or «NGC 2682».)

Table 1. Hyades data

my (B-V) (U-B) my (B-V) (U-B)
7.78 +0.62 +0.16 6.62 +0.42 -0.01
7.14 +0.51 +0.05 5.65 +0.28 +0.08
8.46 +0.72 +0.31 3.61 +0.99 +0.84
7.47 +0.57 +0.08 4.80 +0.16 +0.12
4.22 +0.14 +0.12 3.85 +0.96 +0.74
6.02 +0.34 +0.04 4.27 +0.12 +0.11
5.13 +0.21 +0.12 9.05 +0.84 +0.53
9.99 +1.06 +0.95 8.06 +0.64 +0.17

Table 2. NGC 2682 data

my (B-V) U-B my (B-V) (U-B)
12.80 +0.79 +0.27 13.66 +0.55 +0.03
12.67 +0.68 +0.19 12.55 +0.41 +0.03
12.93 +0.93 +0.59 14.00 +0.61 +0.11
15.64 +0.89 +0.53 16.38 +1.00 +0.70
15.19 +0.80 +0.30 14.96 10.76 +0.28
17.33 +1.19 +0.97 14.23 +0.64 +0.12
12.16 +1.02 +0.81 13.14 +0.45 +0.01
12.22 +0.42 +0.03 13.25 +0.52 +0.01
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IIparkTnuecka 3agaga. JBoiaaTa 38e3xa SDSS J013851.54-001621.6.

3aTeMHHTETHO IBofiHaTa 3Be3xa SDSS J013851.54-001621.6 ce cheTOM OT UEPBEHO THEVIEE,
KOETO NPEICTABIABA 3BE37a B CTAOMICH CTAIHH HA CBOMIONHA, H OAT0 IKYIKE — OCTaTBK OT 3BE3Ia.
JOCTHIHATA KPad HA CBOA SKHBOT.

e Ha Qur.l Bmxiare rpadHka HAa H3MEHEHHETO HA TBUEBHTE CKOPOCTH Ha IBETE 3BE3NH. 1A
MOKAa3Ba., Y& OPOHTHTE HA 3BE3THTE OKOTO IESHTBPA HA MACHTE HM ca OMH3KH 10 KpBroBH. Kato
H3M013BaTe IPpadHRATA, omNpeleleTe OPOHTATHHA IEPHOI Ha CHCIEMATa, PAIHYCHTE HAa OPOHTHTE Ha
JBETE 3BE3IHM OKOTO LUIEHTBPA Ha MACHTE, OTHOIISHHETO HA MACHTE Ha JBETE 3BE3IH H MACATA HA BCAKA
0T 3BE3IMUTE. H3PA3cHA B CIBHUEBH MacH. [IpmeMeTe. ue opOHTIHTE HAa IBETe 3BS3IH €A KPBIOBH. KATO
YCpeIHHTE HEOOXOIHMHTE BETHYHHN, H3MEPEHH [I0 TpaduKaTa.

Ha <$ur.2 e npexcTaBeHa KPHBa HA H3MeHeHHe Ha OIACHKA Ha IBoHHATA cHeTeMma. Cuntaiite, ue
3PHTEIHHAT TBY OT 3eMHHA HAOTIOJIATeTI JeKH B OPOHTATHATA PAaBHHHA HA JBeTe 3Be3mu. llopazm

dbopma (mozoGHa Ha mwememn). IIpu opOHTATHOTO IBIDKEHHE HA CHCTEMATA TO OOPBINA KBM 3EMHHA
HaOI0JaTeT PA3THYHHE CBOH CIPAHH H HAa TOBA ¢ IBTKAT BBIHOOOPA3HHTE YIACTBIH H3BBH [TIABHHTE
MHHHMYMHE I0 KPHBATAa Ha OIACHKA.

+ HapucysaliTe cXeMATHYHO KaK Ca PA3NOIOHEHH JBETe KOMIOHEHTH 32 3eMHEHA HAOTIOIATEd
B MOMEHTHTIE, CHOTBETCTBAIIN Ha ToukuTe A, B, € u D oT xpuBaTa Ha OIACHKA.

¢+ OneHeTe OTHONISHHETO HA TOIAMATA KBM MATKATa [IOIYOC Ha €THICOHIATHOTO HUEePBEHO
mEymxe. JIMIETO HA eTHIICA ¢ TOAAMA H MaIKa HodyocH a U b e S= mab.

o Tasm 3Be3qHA cHCTeMa @ MHOTO ¢Tapa. Be3pacTra H ce omeHasa Ha 9.5 MmIHapIa roJHHM.
OneHeTe J0 KAKBa TEMIEPATYPA € HICTHHATO OATOTO TIKYIKE.

Temneparypara Ha depeeroTo mryLxe ¢ 2900 K. Paznycute Ha 0AT0TO H 4EPBEHOTO TKYIKE
ca cpoTBeTHO 0.0131 m 0.165 wacTu 0T cIBHYEBHA paguye. (3a eIHICOMIATHOTO 1O (QopMa UEpPBEHO
IyIke TOBA MOE Ia ¢€ IpHeMe KaTo cpeleH paimyc). [maiiTe npeasu. ue mo BepTHKATHATA CKala
Ha KPHBATa HA OJ1ACHKA ¢4 HAHECSHH eIHHHIN OCBETEHOCT (4 He 3Be31HA BeIHYIHHA).

Macata Ha CrsEnero ¢ 2 x 10°” kr.
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@ur. 1. Kpusa Ha TpUEBHTE CKOPOCTH HA IBOHHATA 3Be31a. EANHUITHTE 0 XOPH30HTATHATA OC €a
YACTH OT ISHOHONIHETO.
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@ur. 2. Kpuea Ha 01ACEKA HA JBOHHATA 3Be314. [lo XopH30HTATHATA OC Ca HAHECSHH YacTH OT
mepHoaa Ha 3Be3aaTa (T.Hap. dasa). [To BepTHRATHATA OC € JaISH OTACHKBT HA 3BE31aTa B THHUIH
OCBETEHOCT (4 He 3Be3IHA BEIHUHHA).

IIpakTnuecka 3agauda. Ilnanera oko/10 KBIAT00s710 cIBHIE. 3Be3nara HAT-P-7 e
0T crekrpaleH Kirac F8 m mma maca 1.47 coeHueBH MacH. ITo HaOmOZeHHA, NMOTydeHH C
KOCMHUeCKHI TellecKom ,Kemep”, e ycTaHOBeHO, e OKOIO 3Be3JaTa OOHKaAsd IUIaHeTa
THTaHT ¢ pamuyc 1.36 mpTH mo-roiaM oT pamguyca Ha FOmutep. IlnaneTHaTa opOHTa € KpPBIroBa
H 3PHTETHHAT ThY OT 3eMHHA HaOMromaTel IMOYTH TOYHO JIeXKH B HeffHaTa paBHHHA. [lameHa
BH e KpHBa Ha OTIChKa Ha 3Be3/IaTa. | TaBHHTE MHHHMYMH B Hesl OTPAa3siBaT MPEMIHABAHMATA
Ha IUIaHeTaTa IO OHCKa Ha 3Be3maTa. llHTepecHOTO B ciyuas e, Ue HMa H BTOPHUHH
MHHHMYMH, CHOTBETCTBAITH Ha 3aKPHBAHETO HA ILTAHETATA OT 3Be3Jara. B ropHaTa uact (A)
Ha JHarpamara e JajieHa rpaQHka Ha H3MeHeHHe Ha OICHKA Ha 3Be3faTa. B Jommara uact
(B) e mpeacraBena cwmmata rpaduka, HO ¢ YBelIHdeH BepTHKameH Mmamad. Ilo aberucara e
HaHeCeHO BpeMeTo B JHH. [lo opAHHATAaTa € HAHeceH IIOTOKBT CBETIHHA (He 3Be3THA
BeJIMYHHA) B OTHOCHTEITHH €THHHITH.

e Kato m3mom3BaTe gmarpamata, oIpefeleTe pamiyca Ha 3Be3maTa. PamgmychsT Ha

e QOO0acHeTe 3a010. KaKTO ce BHIKIA HA JHarpamarta, Ipeid BTOPHYHHA MHHHMYM HMa
HapacTBaHe Ha OACEKA Ha CHCTEMATa 3Be3Ia-IrIaHeTa, a el HeTO — HaMaIABaHe.
L] Orrpeﬂeﬂﬂe oTpaxarenHara crmocoOHOCT Ha TITaHeTaTa.
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