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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 Rugsian):
«impossible situation — cuTyauus neBosmozxkuay. 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. Altair. Estimate the density of the star Altair.

5. 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 outside the Venus atmosphere)? Orbits of the planets

may be considered circular.
Estimate the stellar magnitude of the Earth in this situation.

6. 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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DJieMeHTbl OPOMT.
Pusnyeckue XapakTepUCTHKH HeKOTOpbIX mjaHeT, JIyHbl, ConHua u Dpuasl

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

Cpennee Cunepuieckuit Ha- Dkc- | DkBaro- Cpen- | Yckop. Makec.
HebecHoe paccTosHUE OT (Vv aHAIOTHYHBIN) | KIIOH | 1eH- | puaibH. [ Macca | HAs | cB0O. Ha- | 6meck,
Teso, LIEHTPAJILHOTO TeJla | mepuoa oOpammeHust [ opbu- | Tpucwu- | nmamerp wioT- | man. | kimoH | BuO. c | Alb-
TlaHeTa B B B B THI, TeT, HOCTh | yTOB. | ocu | 3emiwm | 6emo
acmp. MJAH. | TPOTIUY. | CpeIHUX : 24 )
eo. KM roaax CyTKax ¢ e e 10782 | yen® | mic?
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 i in ation, | city sity |atsurf. | tilt From | bedo
astr. tropical in i 24 Earth
units 106 km years days U e ke 107 kg g/cm3 m/s2 )
G
e 1,6-10° | 2,5-10" [ 2,2-10° 810" 1392000 | 1989000| 1,409 26,74™
Mepkypwnit
Mercury 0,387 57,91 0241 | 87,969 7,00°| 0,206 4879 | 0,3302]| 5,43 3,70 | 0,01° 0,06
Benepa
venug 0,723 108,2 0,615 | 224,7007 [ 3,40 [ 0,007 [ 12104 | 4,8690( 5,24 8,87 1 177,36 0,78
3emns
Earth 1,000 149,6 1,000 | 365,2564 | 0,00 | 0,017 | 12756 | 5,9742| 5,515| 9,81 | 23,44 0,36
JlyHa
Moon 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. 71| 2519 -2,02 (10,15
FOnuTep
Jupiter 5,204 778,6 | 11,862 [ 4332,59 [ 1,30 | 0,048 [142 984 | 1899.8 1,33 | 24,86 3,13 -2,7"] 0,66
CatypH
Saturn 9,584 | 1433,7 | 29,458 |10759,20 | 2,48 | 0,054 | 120 536 | 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

*%) Ins JIyHbl — B CpeJiHEM TPOTUBOCTOSIHUM.
**) For Moon — in mean opposition.
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HekoTopble KOHCTAaHTBI U (popMyabl

Some constants and formulae

CkopocCThb CBeTa B BaKkyyMme, ¢ (m/c)

2
I'paBuTanonHas nocrosHHas, G (H'MZ/KI‘ )

2
Comneunas rmocrostHast, A (Bt/m”)

[MTapametp Xa606ma,
Hy (xm/c/MITk)

IMocrostanas Tnanka, h (Ix-c)
Bapsy anexTpoHa, e (Ki)
Macca snekTpoHa, m (Kr)
CooTHOIIIEHWE Macc TIPOTOHA U 3JIEKTPOHA
[Mocrosrnas ®apanes, F (Kn/moins)

MarnuTtHas ocTosiHHasA, [y (I'a/m)

VHuBepcanbHas razoBas mocrosaHast, R (Jx/Mons/K)

IMocrossaHas bonbsimana, k (x/K)

ITocTosnnas Credana-bonbumana, ¢ (Br/mMY/K*)

Koncranra cmeuienus Buna, b (M-K)
JlaGoparopHas nnuna Bonubl Ha (A)
Jlnuna tponmueckoro roaa, T (cyT)

CranpaprtHas atmocgepa (I1a)

OcnabneHyue BUIMMOTO CBeTa 3eMHOM aTMocdepoi

B 3eHUTEe (MUHUMAaJILHO)

ITokazarens npenomaeHus Boabl npu 20°C, n

MOMEHT HHepLMH 1apa
[Mnowansb chepsl
T
e

3omnoToe CeUYeCHHUE, @

cpenHee 3HaYEHHE
JUara3oH 3Ha4YeHUM

299 792 458
6.674-107"
1367

71
50-100

6.626-10™
1.602-107"
9.109-107!
1836.15
96 485
[.257-10°
8.314
1.881-10*
5.670-10°
0.002897
6562.81
365.242199
101 325

9%, 0.23"

1.334
I=2/5s MR?
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 Hubble parameter,
diapason of values  H,y (km/s/Mpc)

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

Mass of electron, m, (kg)
Proton-to-electron ratio
Faraday constant, F (C/mol)
Magnetic constant, o (H/m)
Universal gas constant, R (J/mol/K)
Boltzmann constant, k (J/K)
Stefan-Boltzmann constant, ¢ (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
n
e

Golden ratio, @
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JaHHbIe 0 HEKOTOPbIX 3BE3ax
Data of some stars
RA DEC P m Se
ConHue Sun 0] o —2a -23°26' +23°26' 8".794 -26".74 G2 1 Mg
Anbnebapan  Aldebaran o Tau gatB50 BaS IE Rl e Eo Ol 0= 85 K5 2.5 Mg
AnbTaup Altair a Aql 18> BO® 498 gg* B2' De" 0l 1ds 0T A1 M
AHTapec Antares o Sco l6h 2oBaonE L0625 55 " . 006 oR o5 MI+B4 22 .4 Mo
ApKTYp Arcturus o Boo 142 2408 oz gr 57w - prLaEE S ut i o gl i
AxepHap Achernar o Eri QILE s yE e =5 A 0026 0®. 46 B3
3B.bapHapma Barnard’s star ~ Oph L8 B 04" 417 36"  OVibdb 9™, 54 M4
Berenbreiize  Betelgeuse o Ori oo E g 240 25F QN O0E g ey M1
Bera Vega o Lyr 18" 36 56 B g gin o ge oy pEge a0
Jlene6 Deneb oGy 200 41> e WEe gy gEv b oD 8 .
KaHoryc Canopus o Car Dt 2Ew BES EaE A dBr DN R0 SR FO
Kanenna Capella o Aur Q5h 1P a7 dibie 591 S5 3N GEOFS 0™.08 G5+GO
TonspHas Polaris a UM 02% 31 aer Blg® 15% GIY - gh ope T om e
ITpoumnon Procyon o CMi oy 39m figs (615l o) b)) Q.. 288 o™.38 F5
Pureb Rigel B Ori GE%- 148 SR G pgE o get - inenie gl En
Cupuyc Sirius Qi CNy - OeE AER - goF et B puiamEl e e o A
Crninka Spica o Vir Iaheamd g8 o ol gat ANt e 0™. 98 B1
Anbda Alpha i o™, 01 G2
, 148 B0 gE® GaE0P B0 4T 0P
IlenraBpa Centauri b Sies K1 2.0 Mo
Heii:pa Ce]?ft:iri BCen ~ 14% 03 4o%  LEgf oo gav Digne SRR i
ggi;j;:: Efisc;ﬁ? g Eri (aigom set < =msE gyl Spn o ghcai Mo B RN
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HMuarpamma I'epummnpyHnra-Paccena Hertzsprung-Russell diagram
TEMMEPATYPA 3BE3/lbl, K STELLAR TEMPERATURE, K
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CNEKTPAJIbHbIA KNACC SPECTRAL CLASS
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