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Theoretical round. Problems to solve

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 — cutyauus neBosmoxuay. 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 «Jla-Yes» or «Her-No» have to be written in English or Russian.

1. Transit of Venus. Recently, on June 6, 2012, an infrequent astronomical phenomenon, transit of
Venus across the solar disc, took place. The next transit of Venus will take place only in 2117.
Calculate the date of that transit. (Answer without calculations will not be considered even as a partial

solution.)

2. Transit of Pseudovenus. Recently, on June 6, 2012, an infrequent astronomical phenomenon, transit
of Venus across the solar disc took place. Suppose somebody did not understand the phenomenon and
ascribed it not to transit of real Venus but of some moon, which we name Pseudovenus, rotating
around the Earth in a circular orbit. Find the radius of the orbit of Pseudovenus and diameter of this
sky body. Effects due to axial rotating of the Earth should not be taken into account.

3. Old persons’ star. There is ancient legend in Korea that says, if you managed to see the “Old
persons’ star” thrice, you are lucky person and will live a long life. The “Old persons’ star”, now
known as Canopus, was seen brighter and better in past times, but even now sometimes one can see
this star in Korea. Estimate approximately what visible stellar magnitude Canopus may have when
observing it from the southern coast of Jeju island (Korea) in the most favorable conditions. The
territory of the island is located at latitudes between 33°12' N and 33°34'N and longitudes between
126°09' E and 126°57' E. Take from the tables and recollect for yourself the necessary additional
information.

4. Stars on Mars. As you know, last year the Polar Bear (whom you have already met in the texts of
many International Astronomy Olympiads) arrived to Mars for astronomical observations. Nowadays
his friend Penguin also made a fascinating journey to Mars. At the same instant of time, the Bear and
the Penguin observe stars in zenith and see Canopus and Sirius respectively. Estimate roughly, what is
the distance (measured on the Martian surface) between the animals? At what height above the
horizon does the Bear observe Sirius? The solution has to include a picture with an image of the Bear
and the Penguin on Mars. Necessary sizes or angular sizes should be in the picture. Recollect for
yourself the necessary information about the Polar Bear and Penguin.

5. Venus and Earth. At what maximum distance from the Venus ecliptic the Earth can be visible in the
sky from Venus (actually, from a point outside the Venus atmosphere)? Orbits of the planets may be
considered circular.

6. Parallaxes. In our part of the Galaxy the mean distance between the stars is about 6 light years.
Assume that an interferometer can measure parallaxes with an error of £0.001 arc second. How many
stars of our Galaxy could have their parallax determined by this interferometer?
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DJIeMeHTbl OpOMT.
dusnyecKkHe XapaKTePUCTHUKH HeKOTOpbIX muianeT, JIynpl, CoiHua u Jpuabl

Parameters of orbits.
Physical characteristics of some planets, Moon, Sun and Eris

CpenHee Cunepuyeckuii Ha- | Dkc- | DkBato- Cpen- | Yckop. Makc.
HebecHoe paccTosHUE OT (WM aHaNlOTHYHBI) | KIOH | LeH- | puanbH. | Macca HAs | cBOO. Ha- | 6m;eck,
Teno, HEHTPAILHOTO Teja | mepron obpalleHus | opOu- | TPUCH- | AMaMeTp mioT- | maxg. | KIOH | BUA. C | Anlb-
T1aHeTa B B B B THI, TeT, HOCTh [ ymoB. | ocu | 3emuu | 6emo
acmp. MJIH. | TpOTWY. | CpeIHuX : 24 55
eo. KM rogax | cyTkax U e i 107 %2 | yor® | wid
Average distance to Sidereal period  |Orbital| Ec- Equat. Av. | Grav. Max.
Body, central body (or analogous) inclin- | centri- | diameter [ Mass den- | accelr. | Axial | magn. | Al-
planet in i in ation, | city sity |atsurf. | tilt From | bedo
astr. tropical in 3 k 24 Earth
units 106 km | years days ! e e 107 kg g/cm3 m/s2 )
ConHue
S 1,6:10° | 2,5-10" | 2,210 8:10" 1392000 [ 1989000| 1,409 il
Mepkypwuit
Mercury 0,387 5729 0,241 | 87,969 7,00°| 0,206 4879 | 0,3302] 5,43 3,70 | 0,01° 0,06
Bene
Vﬁﬂu‘s’a 0,723 108,2 0,615 | 224,7007 | 3,40 | 0,007 | 12104 | 4,8690| 5,24 8,87 | 177,36 0,78
3emuis
Earth 1,000 149,6 1,000 | 365,2564 | 0,00 [ 0,017 | 12756 | 5,9742| 5,515| 9,81 | 23,44 0,36
Jlyna
M}:)on 0,00257 | 0,38440 | 0,0748 | 27,3217 | 5,15 | 0,055 3475 0,0735( 3,34 1,62 6,7 | -12,7™ | 0,07
Mapc
Mars 1,524 2279 1,880 686,98 | 1,85 | 0,093 6794 | 0,6419] 3,94 3,710 25,195 2,05 0,15
FOnutep m
Jupiter 5,204 778,6 | 11,862 | 4332,59 [ 1,30 | 0,048 | 142984 | 1899,8 1,33 | 24,86 3,13 | -2,7"] 0,66
CarypH
Saturn 9,584 | 1433,7 | 29,458 (1075920 | 2,48 | 0,054 | 120536 | 568,50 [ 0,70 | 10,41 [ 26,73 0,7" | 0,68
Opuna
Eris 68,05 205029 | 43,82 | 0,435 2326 | 0,0167| 2,52 0,7 0,96

**) JInsa JIyHbl — B cpeiHEM NPOTUBOCTOSIHUM.
**) For Moon — in mean opposition.
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HekoTopble KOHCTAHTHI U (hopMYJIbI

Some constants and formulae

CKOpOCTh CBETa B BaKyyMe, ¢ (M/c) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I'paBuTamMoHHast mocrosHHast, G (H'MZ/KFZ) 6.674-10™" Constant of gravitation, G (N ‘m*/kg?)
Conueunas noctostrHas, A (BT/M?) 1367 Solar constant, A (W/m®)
[Mapametp Xab66na, cpeliHee 3HaYEHHE 71 mean value Hubble parameter,
Hy (xm/c/MI k) JMarna3oH 3HaYeHUN 50-100 diapason of values  Hy (km/s/Mpc)
[Mocrosiunas [nanka, h (Ix-c) 6.626:107* Plank constant, h (J-s)
Bapsn snekTpoHa, e (Ki) 1.602:10™" Charge of electron, e (C)
Macca 311ekTpoHa, me (Kr) 9.109:10™" Mass of electron, m, (kg)
CoOOTHOIIIEHHE MAcC TIPOTOHA U 3JIEKTPOHA 1836.15 Proton-to-electron ratio
TMoctosnnas Mapanes, F (Kn/monb) 96 485 Faraday constant, F (C/mol)
MaruuTtHas noctosHHasi, Mo (I'i/m) 1.257-10° Magnetic constant, po (H/m)
VHuBepcasbHas razosas nocrosaHast, R (Jx/mons/K) 8314 Universal gas constant, R (J/mol/K)
TMocrosHuas bonbumana, k (JHx/K) Lol 00™ Boltzmann constant, k (J/K)
IToctosinnas Credana-bonbuMaHna, G (Br/m*/K*) 5.670-10" Stefan-Boltzmann constant, o (W/m*/K*)
KoncranTa cmeuieHus Buna, b (M-K) 0.002897 Wien’s displacement constant, b (m-K)
JlaGoparopHas anuHa BonHbl Ha (A) 6562.81 Laboratory wavelength of Ha (A)
Jlnuna tponuueckoro roaa, T (cyT) 365.242199 Tropical year length, T (days)
CranpnaptHas atmocdepa (I1a) 101 325 Standard atmosphere (Pa)
OcnabieHre BUANMOrO CBETa 3eMHOI aTMOChepOi = Visible light extinction by the terrestrial
B 3eHUTE (MUHUMAJIBHO) e atmosphere in zenith (minimum)
IToka3arens npenomienus Boasl npu 20°C, n 1.334 Refractive index of water for 20°C, n
MoMEeHT UHepLMH 1uapa 1=2%/s MR® Moment of inertia of a solid ball
[Tnowanp chepbl S = 4nR* Area of sphere
T 3.14159265 n
e 2.71828183 e
30110TOE CEUEHHE, 1.61803399 Golden ratio, @
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lIaHHble 0 HEKOTOPbLIX 3B€3/1aX
Data of some stars
RA DEC P m i el P
CornHue Sun 0 o — 24b —33%26! +g3%26' BT,794 - —9F .74 B2 1 Mo
Anf,l]e6apa}-1 Aldebaran o Tau @R a3 5R 558 e B0 33" 0".048 IR EY K5 2.5 Mg
AnbTanp Altair a Aqgl Jae EUR A e 52t g6 Oreieh s B
AHTapec Antares a Sco 16" 9% o4*  —gg" B! B5*  DM.D06  0F.9a MLsBL 72.4 Mg
ApKTYp Arcturus a Boo TAR ISR 408 152 Qo 57" oW.uBo —gRug4Y Kl 1.1 Mg
AxepHap Achernar o Eri g mgm ggi - CEERL LT A L O TaE 0. 456 B3
3p.bapuapna Barnard’s star  Oph it il el R R e 9™. 54 M4
Berenbreiize  Betelgeuse o Ori 5" GEB .07 s 24t 25V . BY.008 gEEr
Bera Vega o Lyr 182 S62 568 RS A QN QU SlERO 0703 A0
Jlene Deneb a Cyg Z08 L8 diee g dgn ot G0 1= 25 A2
Kanomyc Canopus o Car DR 38 5 ae =52l A5 O S0 e FO
Kanenna Capella o Aur Ol Gl All5 S e o Qe 0172 o™.08 G5+GO
[MonspHasi Polaris o UMi gz 31 4 op AR e O T
ITpounoH Procyon o CMi O 39 S8k )5 SRt e Aol 0288 P 58 F5
Purenb Rigel B Ori gE® g4 2pE o —@Es J2U 0E"  BY.RLS GF . BE
Cupuyc Sirius ACKE: o oeF4EE aprs - Sl d2n SRV QN g 1% a6 - Bl
Criika Spica o Vir 18R 258 10 Sl il S eiee Q". 0228 0™. 98 Bl
Anbda Alpha - -0™.01 G
: 22 BOE 36 =60 50 O Q1] Byl
IlenTaBpa Centauri oSl e nd s
bera Beta h
3 42 e 3% 08 =605 22 23" Y00 e Bl
IlenTaBpa Centauri BiCen s 2 la
DIICUIIOH Epsilon h
: 5 i Qisk sl 15 5 —09% 27" 30" g 31 ey K2
Dpuana Eridani ERy o Yot
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