11.

V' (mag)
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Pasno3HaBaHe HA KPHBH HA OJIACLKA HA PA3IHYHHA THIIOBe IPOMeH/IHBH 3Be3IH 2571

TESS (Transiting Exoplanet Survey Satellite) e maii-moBata MmHcHA Ha NASA 3a ThpceHe Ha
exzomuraneTH. C Hes ce H3CIeBA I03KHOTO Hebe 1€l 1a ce OTKPHSAT eK30IUIAHETH OKOTIO Hal-SpPKHTE
H HAH-GIH3KH 3B€31H, a CBIIO H OrPOMeH Opoil IPOMEHITHBH BEB BPeMeTO 00eKTH (ITyICHpAaImH H
3aTBMHHTETHO-IBOHHH 3BE3/TH, CBPBXHOBH, 3Be3/IHH H30yXBaHHS, ACTEPOH/TH H T.H.).

Ha otneren mHceT ca ajieHH TpaQHKH ¢ KPHBATe Ha OIICHKA HA 8 MEPHOHIHO MPOMEHIHBH 3Be3TH
(pr3Hdeckn TPOMEHITHBH, 3aTHMHHTETHO-TIPOMEHITHBH H BBPTANIH ce TPOMEHIHBH). TeXHHTe
osgauennd ca: FO Eri, RW Dor, 24 Er1, TIC 147272181, ST Pic, UY Er1, VV Or1, AH Col u Te BcHukn
ca Habmronasanu ¢ TESS u ca Homepupann ot 1 10 8. Ilo XxopH3oHTaTHA OC € HaHeCeHH MOMeHTHTe
OT BpeMe, H3pa3eHH B OapHmeHTpHuHH 1 (BJD — 2 400 000), a Mo BepTHKATHATA OC — 3Be3/THATA
BETIYHHA BEB QHITEP V.

a) Ilo-momy e DameH CIHCBK ¢ THIIOBe NPOMEHIHBH 3Be3aH. (O3HaueTe THIIA Ha BCAKa 3Be3fa,
3anMHCBaiKH HOMepa il B 0,1aHKATA 33 0TTOBOPH. (81

o JIBoifHH CHCTeMH OT MyJIcHparmH 3Be3H (heartbeat stars)
e Ilyncupamu 3Be3qu ot Tair RR Lyrae (RRab noaxiac)
3aTEMHHTETHO-TIPOMEHTHBH TBOHHO 3Be3AH OT THI Anron (WOTypasJeleHH) ¢ €THH

ITyJICHPAN] KOMIIOHEHT
TMyncuparma 38e3a o T & CVn

Hedenmu ot THn W Vir type (II THIT 3Be30HO0 HACETEHHE)

PazzeneHa OBOHHA CHCTEMA CBC CHTHO H2pazeH ehekT Ha OTPaKeHHeTo

KonTakTHa, 3aTeMHEATENHO-ABOHHA OoT THO W UMa

BopTama ce mpoOMeHTHBA 3Be3a (¢ TIeTHO)
TESS light curves of selected variable stars

(1) RW Dor

58469.0

: i H R ; HE HE L
58470.0 58483 58484 58485 58486 58487 58488

58469 58489
(2) FO Eri (6) VV Ori
N T H T
8.5 1 53
86 5.4 |
8.7 A
2.0
8.8 i H Pl i L L 1 5.6 - H
58307 58308 58390 58400 58401 58402 58403 52469 58470 58471 58472 58473
(3) UY Eri (7) TIC 147272181
10,58 [T

10.59

10.60 |5

I S R T T N T TN S S S S S N R
58331.0 58331.5 58332.0 58332.5

L
58333.0
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(8) 24 Eri

524 i

5.25 £t -

35 58336 RRM0  584dF . 5RIEO RRA5E 58460
BID — 2400000 (days)

8) The Galactic Center is believed to contain a super-massive black hole with a mass M=4 x10°

b

M, The astronomy community is trying to resolve its event horizon, which is a challenging task.
For a non-rotating black hole. this is the Schwarzschild radius. Rs = 3(M/M) km. Assume that we
have an Earth-sized telescope (using Very Long Baseline Interferometry). What wavelengths
should we adopt in order to resolve the event horizon of the black hole? The Sun is located at 8.5
kpce from the Galactic Center.
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Telescope. On the observational round you will use a simple Newton-system telescope with the

mirror diameter D =125 mm, focal length F =1025 mm and 3 eye-pieces with focal lengths
f; = 12 mm, f, =25 mm and f3 = 38 mm. Find on what distances (Ax; =, Ax, =, Ax3 = in vertical
direction on the middle figure) it is necessary to move the corresponding eye-pieces (1,2,3) to
readjust the telescope from observation of the sky objects to observation of a monkey sitting at a
distance L = 50 m from you. (Your answer should have both formula and numerical values.) What
eyepiece is the most suitable for observation of the monkey? Why?

Addition for B group.

1+B. Telescope. L =50 m as before, but now the monkey is running directly towards you (to steal
something to eat) with a speed v = 3 m/s. Find the rate (in mm/s) of moving the most suitable eye-
piece for readjusting the telescope to keep the monkey in focus.

3anaua 1. Ha0mromasame CIIBHIETO, MPOSKTHPAHO BBPXY XaPTHEH €KPaH, ¢ MOMOIITA Ha
Teneckon pedparrop. [Tspeo noayuasaMe dokycHpaHO H300pakeHHe Ha CIBHIIETO ©
muaMmeTsp di Ha pascToAHEE X OT okyIApa. Caex Toea noxyuaeaMme dokycHpaHo
n3o0paxeHne Ha CIBHIICTO ¢ AHAMETED d2 Ha PasCTOAHHE X2 0T OKY/IAPa. AKO Ha CBIHA
TEIECKOI TOCTAENM TEMeH GHITED u norneaHeM KeM CIBHIIETO HATIPAEO IIPE3 OKYIAPa, ¢
KAaKEO VECTHUEHHE ¢ HaOIIIaBaMe

CraeHIETO?
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Question 1.

In Figure 1, part of the constellation of Ursa Major is shown. It was taken with a digital
camera with a large CCD chip (17mm x 22mm). Find the focal length, f; of the optical
system and give the error of your results.

Figure 1. Part of the constellation of Ursa Major.

Dubhe o UMa 11 03 +6145 179 -0.7 +1.06 KOIII
Alioth ¢ UMa 12 54 +5557 1.78 —O.Q -0.02 AO0p
Mizar { UMa 13 24 +5456 209 +0.0 +0.03 A2V
Alkaid n UMa 13 48 +4919 186 -1.9 -0.19 B3V
4. IlopoGpsiBaHe HA Te/lecKoN peduieKTOp (1071)
Enmun yueHAK HMa TelecKolIl, cHeTeMa KacerpeH, ke cpeflHO kadecTBO Ha Orfefanara, KaTo ITaBHOTO
H BTOPHYHOTO OTTIefa1o oTpassBar £ = 91 % or magHanara cBeT/IHHA.
a) Kakpa mre 6B1e mpoMiHAaTa Ha IpaHHYHATA 3Be3IHA BeIHUHHA 3Be31a, KOATO MOXe 1a ce
HabmoaBa ¢ TO3H TellecKOIl, aKo 3aMeHHM IIOKPHTHSTA Ha Or7lefanaTa ¢ TAaKHBa, KOETO HMaT
BHCOKO KagecTrO ("premium" quality) u oTpazsasat £, = 98 % 0T cBeTHHATA? (51)
b) Axko mpHeMeM, e YYEHHKBT CBHINO TAKA H3MOJI3BA JHATOHAIHO OJIEAN0, C OTpaKaTelHa
crnocoOHOCT &, TO KakbB OH OHI eeKTHT, aKo TSU/TOif TO 3aMeHH ¢ TaKbB MoOJel, KOHTO
oTpazsiBa &£ — 99 %, B KOMOHHAIMA C HOBHTe [ABe OINleflala, HMam KoeHIMEeHT Ha
OTpakeHHe &7 (31)
(JTHaroHAITHOTO OTTIENATIO € IUIOCKO H e HAKIOHEHO CHPSMO TBUHTE IO BIhI 45°.)
¢) Edexrsr me 0pxe mu 3adenexnM oT wopemkoro oko? 3anmmmere "YES" mam "NO" B
fIaHKATA 32 OTTOBOPH. 21)
(T7) Telescope optics

In a particular ideal refracting telescope of focal ratio f/5. the focal length of the objective lens is 100 cm
and that of the eyepiece is 1 cm.

(T7.1) What is the angular magnification, mg. of the telescope? What is the length of the telescope,
L. i.e. the distance between its objective and eyepiece?
An mtroduction of a concave lens (Barlow lens) between the objective lens and the prime focus s a
common way to increase the magnification without a large increase in the length of the telescope. A
Barlow lens of focal length 1 cm is now mtroduced between the objective and the eyepiece to double the
magnification.

(T7.2) At what distance. dg. from the prime focus must the Barlow lens be kept in order to obtam this
desired double magnification?

(T7.3) What is the mcrease. AL. m the length of the telescope?

A telescope is now constructed with the same objective lens and a CCD detector placed at the prime focus
(without any Barlow lens or eyepiece). The size of each pixel of the CCD detector is 10 pm.

(T7.4) What will be the distance in pixels between the centroids of the images of the two stars . n,,. on
the CCD. if they are 20" apart on the sky?



