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Read once more before you start your work

General note. Maybe not all problems have correct questions. Some questions (maybe the main
question of the problem, maybe one of the subquestions) may make no real sense. In this case you have
to write in your answer (in English or Russian): «impossible situation — CUTyauust HeBO3MOXHay. Of
course, this answer has to be explained numerically or logically.

Data from the tables (Planetary data, stars, constants, etc.) may be used for solving every problem.
The answers «[la-Yes» or «<HeT-No» have to be written in English or Russian.

Do not forget that in clean copy you should write solutions

only on even (left) pages. The odd (right) pages will be EVEN PAGE ODD PAGE
used by your team leader to translate solutions into English TeKem DeUeHUs
and also to emphasize your thoughts in solutions. p '

Text of solution.
Tekem petueHus.
Text of solution.
Texcm peweHus!.
Text of solution.

YETHASR CTPAHMLUA YETHAA CTPAHM

Eweé pas npouuTaiTe nepes Hauyanom paboThl

OGLee 3ameyaHue. He UCKIIOYEHOD, YTO HE BO BCEX 3a[ja4ax BOMPOCH! NOCTABMAEHS! KOPPEKTHO.
HekoTopble BONpoCk! (BOZMOXHO, rNaBHbIiA BOMPOC 3a4a4n, BOSMOXHO — MOABOMNPOC) MOTYT HE UMETH
CMmbICra. B aTom crnyvae cnepyet HanvcaTb B oTBeTe (MO-pyccky U NO-aHrIMACKN): «CUTyaLuA
HeBO3MOXHa - impossible situation». EctecTsenHo, 0TBeT AOMKEH BbiTh NOAKPENNEH BLIMUCICHUSMM
WITW NOTUHECKUMU PACCYKASHUAMU,

RanHbie u3 Tabnuy (ConHeyHas cuctema, 3BE3/bl, KOHCTAHTbI) MOFYT GbITh UCMONb30BaHbI B M0G0

3ajave.
Oteetbl «Ja-Yes» unu «Het-No» [omkHb! BbiTh HANUCAHBI NO-DYCCKA UK NO-aHIIIMACKY.

He 3abyfbTe, 4TO B UUCTOBMKE Bbl AOMKHBI NUCAT peLleHus

TOMBKO Ha YETHBIX (NeBbIX) cTpaHuLax. HeuéTHeie (npasbie) EVEN PAGE ODD PAGE

CTpaHWUbl npeaHasHaveHbl 4ns Toro, 4Tobbl pyKoBOANTENb Texem peweHus
Batllen koMmaHbl NePEBEN PeLleHUs Ha aHIMMACKUA A3bIK Y Text of solution ‘
NOAYEPKHYT OCHOBHbBIE MbICIV peLIeHs. Texcm pewenus.
Text of solution.
Texem peweHus.
Text of solution.

UYETHASI CTPAHKMLIA UYETHAS CTPAHY
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a-1.

B-1.

Theoretical round. Problems to solve

Double star. A double star consists of components by all physical characteristics equal to
o Centauri A and o Centauri B, which are rotating around the common center of gravity by
circular orbits. As observed from the Earth the angular distance between the components varies
from 0.17" till 2.2" with a period of © = 39.6 years. Find the distance to the double star.

Double star. A double star consists of components by all physical characteristics equal to
a Centauri A and o, Centauri B, which are rotating around the common center of gravity by
circular orbits. As observed from the Earth the angular distance between the components varies

from 0.17" till 2.2" with a period of 1= 39.6 years. Find the apparent magnitude of every
component and also their combined magnitude.

. Extraterrestrial summit. Extraterrestrial Bear and Extraterrestrial Penguin living in different

planetary systems of our Galaxy, came to a summit organized at the Intercivilizational Space
Station (ISS) somewhere in the depths of space, where no one star is visible brighter than 1™.
However, it appeared that both stars, from which planetary systems the Bear and the Penguin
came, are visible with the naked eye at the summit (assume the sensitivity of the retina of these
extraterrestrial animals to be the same as of humans), and the angular distance between them
is equal to B = 30°.

2.1. Find the possible minimum and maximum linear distance between the native stars of
the Bear and the Penguin. Consider the planetary systems are possible near the stars of
spectral classes from A to M of main sequence.

2.2. Include an artistic picture with an image of the Extraterrestrial Bear and Extraterrestrial
Penguin (and possibly other extraterrestrial animals) on the ISS.

. Extraterrestrial summit. Extraterrestrial Bear and Extraterrestrial Penguin living in different

planetary systems of our Galaxy, came to a summit organized on the Intercivilizational Space
Station (ISS) somewnhere in the depths of space, where no one star is visible brighter than 1™,
However, it appeared that both stars, of which planetary systems came the Bear and the
Penguin, are visible with the naked eye at the summit (assume the sensitivity of the retina of
these extraterrestrial animals the same as of humans), and the angular distance between them
is equal to B (30° < B < 90°).

2.1. Find the possible minimum and maximum linear distance between the native stars of
the Bear and the Penguin? Give the answers in numerical form, and if it is not possible, as a
function of the angle B. Consider the planetary systems are possible near the stars of spectral
classes from A to M of main sequence.

2.2. Include an artistic picture with an image of the Extraterrestrial Bear and Extraterrestrial
Penguin (and possibly other extraterrestrial animals) on the ISS.
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af3-3.

B-4.

Mirror and plate. There is a system, consisting of a plane mirror (100% reflection) and a plane
glass plate that transmits K% of the light and reflects the other (100-K)% (this characteristics is
the same for the light coming from both the directions). The mirror and plate are parallel and
infinite on their right side. An observer is placed at the point O (marked by *) and sees a star
with a magnitude 2™ within a cone around direction «A». What magnitude(s) star(s) (if any)
would the observer see in a cone near direction «B» that is symmetrical to «A»? Calculate

numerical value for K = 50% and K = 5% for each such a star (if any visible) or explain why no
stars are visible.

. Eclipse in USA. A little more than two months ago, on August 21, 2017 from West to East of

the USA territory a total solar eclipse was observed. The middie line of the track of the eclipse is
shown schematically on the map. Below are four pictures taken by the Bulgarian-Russian group
of observers who were in state of Oregon, through which the Moon’s shadow ran as it shown in
Fig.a4. (see separate sheet). The local time (UT —07) of the shots is indicated below each
image. By using the data and making calculations, estimate:

4.1. altitude of the Sun in Oregon at the moment of totality;

4.2. time t (in seconds) between the positions 1 and 2 of the shadow as marked at Fig.a4.

Eclipse in USA. A little more than two months ago, on August 21, 2017 from West to East of
the USA territory a total solar eclipse was observed. The middle line of the track of the eclipse is
shown schematically on the map. Below are four pictures taken by the Bulgarian-Russian group
of observers who were near the West coast, in the state Oregon, through which the Moon’s
shadow ran almost along the latitude ¢ = 45°. The local time (UT —07) of the shots is indicated
below each image. At the moment of totality the Sun was in the South-Eastern part of the sky, in
X = 59,5° from the South in azimuth, at an altitude of h = 41.9° above the horizon. By using the
data and making calculations, estimate:

4.1. the speed of the Moon’s shadow in the state Oregon;

4.2. the width of the path of the total eclipse (in km) on its territory.

121.08.2017. 00:44:42 10:20:03 10:20:17 10:22:14
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a-5,

Whirlpool galaxy. An imaging observation of Messier object M51, consisted of galaxy
NGC 5194 (a = 13“29"‘565, & = +47°13'50") and its companion NGC 5195, was made by the
1-m telescope of Weihai Observatory (WHO), on December 25, 2014. The V-band image is
shown in Fig.a5. (see separate sheet), the bounding box marks the field of view of the image
taken by the telescope (with focal length of 8 meters) and the PI CCD (2048 x 2048, pixel size
13.5 pm x 13.5 um).

5.1. Find the Beijing time (UTC+08, write the answer in 24h format; hh:mm) of the upper
culmination of NGC 5194 in Weihai Observatory on the observing date, in form of «T¢ = ...».

5.2. Estimate the angular size (diameter) of NGC 5194 (in units of arc minutes, write the
answer in form of «f = ...»).

5.3. If the physical size of NGC 5194 is known as about half the size of the Milky Way
Galaxy, estimate the distance to M51 (in units of Mpc, write the answer in form of «L = ...»).

5.4. Which is the morphological type of NGC 5194 (“elliptical’, “spiral”, “barred spiral”,
“irregular”)? Write the answer in English in form of «Type = ...».

. Seyfert galaxy. The low-resolution spectrum of a galaxy: NGC 7479 (o =23"04™57°

0 = +12°19'22") was observed by the 2.16 m telescope of Xinglong Station near Beijing,
National Astronomical Observatories of China, on September 14, 2009. The red part of this
spectrum is shown in Fig.5 (see separate sheet). The emission lines in the part of the
spectrum are (from left to right): [Nll]a, Ha, [Ni]b.

5.1. Find the Beijing time (UTC+8, write the answer in 24h format: hh:mm) of the upper
culmination of this galaxy in Xinglong Observatory on the observing date, in form of «T¢ = ...».

5.2. Estimate the redshift z of this galaxy (write the answer in form of «z = ...»).

5.3. Find the distance to NGC 7479 (in units of Mpc, write the answer in form of «D = ...»).

5.4. Estimate the full width at half maximum (FWHM) of the Ha line (in units of km/s, write
the answer in form of «FWHM(Ha) = ...»).

S.5. If the galaxy is known as a Seyfert galaxy, based on the line width of Ha, which type it
should be (“Seyfert-I" or “Seyfert-I")? Write the answer in English in form of «Type =...».
(Assume that the instrumental broadening can be neglected.)

Kuran, Banxa#n 2017 Weihai, China
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HekoTopbie koHCTaHTbI U hopmyrnbl Some constants and formulae

Ocnabrenne Bunumoro ceera coem 1 armocdepst

19%, 0.23"

CxopocTs cBera B Bakyywme, ¢ (M/c) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I"'paBuraumonHas nocrosuHas, G (H'MZ/KI‘Z) 6.674-107" Constant of gravitation, G (N 'mz/kgz)
Conne4nas ocrosunas, A (Br/m?) 1367 Solar constant, A (W/m?)
Hapamerp Xab6na, CpeaHee 3HaueHHME 68 mean value Hubble parameter,
Hy (xm/c/MITk) JManaszoH sHaueHuil 50-100 diapason of values  Hy (km/s/Mpc)
Hocroannas IMnakka, h (Ji-c) 6.626-10 Plank constant, h (J-s)
3apsu anexTpoHa, e (Ki) 1.602-107" Charge of electron, ¢ (C)
Macca anexrpona, m, (kr) 9.109-107% Mass of electron, m, (kg)
CooTHOWeHMe Mace IPOTOHA U TEKTPOHA 1836.15 Proton-to-electron mass ratio
Hocrosnuas Mapanes, F (Kin/mons) 96 485 Faraday constant, F (C/mol)
Marnurnas nocrosuuas, py (Mu/m) 1.257-10°C Magnetic constant, py (H/m)
YHuBepcallbHas ra3oBas nocrostias, R (hx/Monb/K) 8.314 Universal gas constant, R (J/mol/K)
Ioctosunas Bonbumana, k (I/K) 1.381-10% Boltzmann constant, k (J/K)
Iloctoannas Credana-Bonsimana, G (BT/Mz/K4) 5.670-10% Stefan-Boltzmann constant, ¢ (W/mz/K4)
Koncranra cmewenus Buna, b (mK) 0.002897 Wien’s displacement constant, b (m-K)
Jlaboparopuas amua sosmer Ha (A) 6562.81 Laboratory wavelength of Ha (A)
Houna Tpormueckoro roma, T (cyr) 365.242199 Tropical year length, T (days)
Hmvna cupepuyeckoro ropa, T (cyr) 365.25636 Sidereal year length, T (days)
Hnuna anomamicruyeckoro ropa, T (cyT) 365.259636 Anomalistic year length, T (days)
Iepuon obpawierus yanos ayHHOM opourel (Jer) -18.6 Nodal period of lunar orbit (years)
Craunaprras atmocdepa (I1a) 101 325 Standard atmosphere (Pa)

Visible light extinction by the terrestrial

(MUHHMANBHO) atmosphere in zenith (minimum)
Bricora onmopoano#t armocdepbi (m) 7991 Height of homogeneous atmosphere (m)
[Moxasarens npenomnenns Boup! ripu 20°C, n 1.334 Refractive index of water for 20°C, n
MowmenT nHepLmu wapa I="2/5s MR? Moment of inertia of a solid ball
MowmenT nuepuun chepnr =2/3 MR? Moment of inertia of sphere
O6bém wapa V =45 7R Volume of a ball
[Tnowazne chepsr S = 4nR? Area of sphere
T 3.14159265 T
e 2.71828183 €
3onoToe ceuenue, @ 1.61803399 Golden ratio, ¢
Kurait, Bahxai 2017 Weihai, China
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Puc. k 3apnaue 5.

Fig. for problem 5.

HaHHble 0 HeKoTOpbIX 3B&3dax Data of some stars
3e.Ben.  Temnepatypa Macca
RA DEC p Mag. Temperature Mass
ConHue Sun 0] o - 24" -23°26' ~ +23°26' 8".794 -26™ 74 5777 K 1Mo
betenbredise  Betelgeuse a Ori 05" 55™ 10° 07° 24' 25" 0".005 o™s5 3590 K 11.6 Mo
Bera Vega o Lyr 18" 36™ 56° 38° 47 01" 0".130 0™.03 9600 K 2.14 Mo
Haoc Naos {Pup 08" 03" 35° -40° 00' 12" 0".003 2M 21 42000 K 40 Mo
Toliman A hagm o R Ao . -0™.01 5810 K 1.11Meo
Tomman — picelKenty @ Cen g 14" 39" 36" -60° 50" 07 0".747 1™ 33 5260 K 0.93Mo
Mpokcuma Proxima V645 Cen, h e 4o o i acn . m
Lierraspa Centauri wCenc 14"29m43 -62° 40' 46 0".769 11™.06 3040 K 0.123Mo
Koopguuatel Coordinates WHO Observatory Xinglong Observatory
¢ (N/cuw.) 37° 32 40° 24
A (E/BA.) 122° 03’ 1170 35’
Yacosoit nosic  Timezone UT+08 UT+08
Kutan, Banxan 2017 Weihai, China
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Fig. for problem 5.

INHb
Ha /
p f

200} ,\ / \

i / \

\

[Nll]a /o

& \

- 1 50 i

= / ] \

1 a

\

= P / \

100 e S T
6580 65‘90 8660 66~1 0 66é0 6650 66:40 66}50

6660

Wavelengthi X)

IlaHHble 0 HeKoTOpbLIX 3B&3pax

Data of some stars

3s.sen.  Temnepatypa Macca
RA. DEC p Mag. Temperature Mass
Connue Sun 0] 0" - 24" -23°26' - +23°26' 8".794 -26™.74 5777 K 1Mo
betenvreiise  Betelgeuse o Ori 05" 55™ 10° 07° 24' 25" 0”.005 o™5 3590 K 11.6 Mo
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Hacosolt nosc  Timezone uT+08 UT+08
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