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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):

1.

«impossible situation — caTyauua wesosmosknay. 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 «Her-No» have to be written in English or Russian.

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.)

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.

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.

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.

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 ouside the Venus atmosphere)? Orbits of the planets may be
considered circular.

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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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):

1.

«impossible situation — curyauus Hesosamoxnay. 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 «Her-No» have to be written in English or Russian.

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.)

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.

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.

Altair. Estimate the density of the star Altair.

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

Estimate the stellar magnitude of the Earth in this situation.

Remote galaxy. Astronomers have discovered a distant galaxy that in the Earth's sky, at the first
glance looks like € Eridani, the same in colour, but 1000 times less in intensity. It appears,
however, that this galaxy is composed only of stars similar to the Sun in physical characteristics.
Find the number of stars in the galaxy.
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XVII Mexayrapoanas acTpoHOMHYECKAn OJHMINALA

XVII International Astromemy Olympiad Pycckuii

JJieMeHThl OpOHUT.
duznyecKkne XapaKTePUCTHKH HEeKOTOpPbIX miaaHeT, Jlynnl, Coanua v Jpuast

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

Cpenuee CraepryecKiii Ha- | Okc- | DrBato- Cpen- Vcr;(gj. Makc.
HebecHoe paccTOAHHUE OT (WM aHAnOTHWUHLIHA) | KMOH | ueH- | puanbH. | Macca | Haa | cBod. | Ha- | Oneck,
TENO, LEHTPANLHOTO TeNna | mepHox o0panieHns | opOu- | TpuCH- | muamMeTp wioT- | mag | KIoH | BHH ¢ | Amb-
IJiaHeTa B B B B Thl, TET, HOCTh | y NOB. OCH 3emnu | Geno
acmp. MAN. | TpOnH4. | CpemHHX s o *it)
eo. KM rogax | cyrkax ‘ e e 10 xe dew’ | wi’
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 n in in ] ation, | city : sity |atsurf.| tilt | From | bedo
astr. p tropical in . km o 3 2 Earth
units | 10" km | years days i e 10k | gfem’” | mss *¥)
C 5
Ssﬁm 1,6-10° | 2,5-10" | 2,2:10° 810" 1392000 | 1989000 | 1,409 -26,74"™
M 5
Mercuy | 0387 579 | 0241| 87969 | 7.00°| 0206 | 4879 | 03302] 543 | 370| 001° 0,06
B
Ve, 0,723 | 1082 | 06152247007 | 3,40 | 0007 | 12104 | 4,8690| 524 | 8387 |177,36 0,78
3emns
Earth 1,000 149.,6 1,000 | 3652564 | 0,00 | 0,017 | 12756 5,97421 5,515 9,81 ] 2344 0,36
I
o'gi,, 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 m
Mars 1,524 2279 1,880 686,98 1,85 | 0,093 6794 | 0,6419] 3,94 3,71 | 25,19 -2,0™] 0,15
KO
fupiter” 5204 | 7786 | 11,862 | 4332,59 | 1,30 | 0,048 |142984 18998 | 1,33 | 24.86 | 3,13 | 2,7 | 0,66
Carypn m
Satitn 9,584 | 1433,7 | 29,458 | 10759,20 | 2,48 | 0,054 [ 120536 | 568,50 | 0,70 | 1041 | 26,73 | 0,7" | 0,68
Opuna
e 68,05 205029 | 43,82 | 0435 | 2326 | 00167| 252 | 07 0,96

**) st JIynbt — B cpeiHeM NPOTHBOCTOSHHH.
**) For Moon — in mean opposition.
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Hekoropbie koncranTsr U ¢Gopmyinl

Some constants and formulae

CkopocTs cBeTa B BAKyyMe, ¢ (M/c)
I'pasmTaimonnas nocrosuuas, G (H-m*/xr?)
Comueynas nocrosnnas, A (Br/m®)

IMapamerp Xa66na,
Hq (xm/c/MIk)

Iocrosnnasn I1nanka, h (Jhx-c)
3apan snexrpona, ¢ (Kn)
Macca snekTpoHa, m, (kr)
CooTHOIIEHHE MACC IPOTOHA M NEKTPOHA
Hocroannas ®apanes, F (Kin/mons)

MaruuTHas nocrostHas, py (I'u/m)

VYnusepcanbHas razopas nocrosunas, R (Ix/momns/K)

IMocrosunas Bonsimana, k (JH/K)

Toctosturas Credana-bonbumana, o (Br/m/K*)

Koneranra emewenus Buna, b (M-K)
Jlaboparophas winna Bonusl Ha (A)
Hnuna Tponuyeckoro roaa, T (cyT)

Cranpapraas armochepa (I1a)

Ocnabnenue BUaMMOro ceeta 3eMHoit arMocdepoii

B 3€HUTE (MHHUMANTHEHO)

[Tokasarens npenomienns Boast mpu 20°C, n

MomeHT unepiuu mapa
[Lrowans chepni
T

€

3onoToe cevenue, @

CpejiHee 3HAYCHHE
JHANAZOH 3HAYEeHWE

299 792 458
6.674-10™"!
1367

71
50-100

6.626-10°*
1.602-10°"
9.109-10°"
1836.15
96 485
1.257-10°
8.314
1.381-107%
5.670-10°*
0.002897
6562.81
365.242199
101 325

19%, 0.23"

1.334
I=2%5MR?
S = 4nR?
3.14159265
2.71828183
1.61803399

Speed of light in vacuum, ¢ (m/s)
Constant of gravitation, G (N-m*/kg?)
Solar constant, A (W/m?)

mean value
diapason of values

Hubble parameter, -
Hg (km/s/Mpc)

Plank constant, h (J-s)
Charge of electron, ¢ (C)

Mass of electron, m, (kg)
Proton-to-electron ratio
Faraday constant, F (C/mol)
Magnetic constant, py (H/m)
Universal gas constant, R (J/mol/K)
Boltzmann constant, k (J/K)
Stefan-Boltzmann constant, o (W/m%/K?*)
Wien’s displacement constant, b (m-K)
Laboratory wavelength of Ha (A)
Tropical year length, T (days)
Standard atmosphere (Pa)

Visible light extinction by the terrestrial
atmosphere in zenith (minimum)

Refractive index of water for 20°C, n
Moment of inertia of a solid ball
Area of sphere
s
e

Golden ratio, @
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JdaHHble 0 HeKOTOPBIX 3BE3NAX
Data of some stars
RA DEC p m qip T 2ces
mass
Connue Sun 6} 0* — 360" -23°26' +23°26" 8".794 -26™.74 G2 1 Mo
Anppebapan  Aldebaran o Tau 04® 35" 55* 16° 30' 33" (0".048 0™.85¥ K5 2.5 Mg
AnbTaup Altair a Aql 19" 50™ 47° 08° 52' 06" 0".195 0%.77 A7 1.7 Mg
AnTapec Antares a Sco 16" 29™ 24°  -26° 25' 55"  Q",006 0™.96 MI1+B4 22.4 Mg
ApKTYp Arcturus oBoo . 14" 15% 40°% 19°.10%.87%. O".089 -0™.04¥ KL 1.1Mg
Axepﬂap Achernar o Eri 01® 37™ 43° -57°% 14 12" o".026 0™. 46 B3 -
3p.bapuapna Barnard’s star  Oph 17" 57" 48° 04° 41' 36" 0".545 9".54 M4
berensreiize  Betelgeuse a Ori gs® 55* 16° 07° 24" 26" 0".005 o .5Y M1
Bera Vega a Lyr 18" 36" 56° 38° 47* 01" 0".129 Q™. 03 A0
Tene6 Deneb o Cyg 20™ 41™ 26° 45° 16" 49" 0".002 1™®.25 A2
Kanomye Canopus o Car ogr 23™ 57° =52 g1 s o".010 ~0™.72 Fd
Kanenna Capella o Aur 05" 16™ 41° 45° 59" 53" orL073 0™.08 G5+G0
pe
IMonapuas Polaris o UMi 02® 31™ 49* 89° 15' 51" 0".0076 1™.97V F7
IMpormon Procyon o CMi o7™ 39® 18° gs*™ 130 3" 07.288 0™.38 FS
Purens Rigel B Ori os® 14* 32* -08° 12" 06" ©0".013 < K B8
Crupuyc Sirius aCMa 06" 45® 09*  -16° 42' 58" 0".375 -1™.46 Al
Cniuxa Spica o Vir 13 25 12 =11" g9* 41" O".023 o™. 98 Bl
Ansda Alpha 1 . -0™. 01 G2
. 5 14™ 39" 3¢6® -60° 50" 07" 6" 751
[lenTaBpa Centauri Ao i™.88 k1 <O
bera Beta h
. 14" 03" 49° -60° 22 23" o".009 ™ oel- Bl ;
Ilenraspa Centauri s &yl raile
DNCHIOH Epsilon : h 5 m
S J 03* 32" 56° =0a= Fun 3gu gr.311 , K2 ;
Opuyana Eridani sk s S
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