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HekoTtopble koHCTaHTbl U dopmMynbI Some constants and formulae

CkopocTh CBETA B BaKyyMe, ¢ (M/c) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I'paBuraryionnas nocrosunas, G (H-wm*/kr?) 6.674-10™" Constant of gravitation, G (N-m*/kg?)
Conreunast mocrostaHas, A (Br/m®) 1367 Solar constant, A (W/m*)
[Tapamerp Xab6na, cpelHee 3HaYeHue 68 mean value Hubble parameter,
Hg (km/c/MTTk) JMara3oH sHaueHui 50-100 diapason of values  Hj (km/s/Mpc)
[ToctosnHag [Tnanka, h (Jlx-c) 6.626-10™ Plank constant, h (J+s)
3aps anexTpoHa, e (Ki) 1.602-107"° Charge of electron, e (C)
Macca dneKTpoHa, m, (Kr) 9.109-107" Mass of electron, m, (kg)
COOTHOIIEHHE Mace MPOTOHA U MIEKTPOHA 1836.15 Proton-to-electron mass ratio
[Moctosinnas @apagest, F (Ki/moub) 96 485 Faraday constant, F (C/mol)
MarnuTHas nocrosHuas, o (I'a/m) 1.257-10°¢ Magnetic constant, L (FH/m)
YHHBepcanbHaa razopas nocrosHnan, R (Jlx/Mons/K) 8314 Universal gas constant, R (J/mol/K)
INocTosnnas bonsumana, k (JI:x/K) 1.381:107 Boltzmann constant, k (J/K)
MocrosinHas Credana-bonbumana, o (Br/m*/K*) 5.670-10® Stefan-Boltzmann constant, o (W/m’*/K*)
Kouneranra cvenenust Buna, b (M-K) 0.002897 Wien’s displacement constant, b (m-K)
JlaGopaTopHas juiHa BoJiHel Ha (A) 6562.81 Laboratory wavelength of Ha (A)
Jnuna Tponuaeckoro roga, T (cyT) 365.242199 Tropical year length, T (days)
Hnuna cunepuyeckoro roaa, T (cyT) 365.25636 Sidereal year length, T (days)
Jituna anoManuceTuyeckoro roga, T (eyT) 365.259636 Anomalistic year length, T (days)
[Tepuon obpatenys y3a0B NyHHOH opOUTHI (7€T) -18.6 Nodal period of lunar orbit (years)
CranpaprHas armocdepa (I1a) 101 325 Standard atmosphere (Pa)
Octabnenre BUAHMOIO CBETA CIOEM | aTMOCHEpEI 19%, 023™ Visible light ext'inctiop by t}_le.tcrrestrial
(MUHHMATBEHO) atmosphere in zenith {(minimum)
BricoTa oamopoanoii armocdepsr (M) 7991 Height of homogeneous atmosphere (m)
IMokaszarens npenomienus soapl npu 20°C, n 1.334 Refractive index of water for 20°C, n
MomMeHT HHepLHH Wapa 1= 2!5 MR? Moment of inertia of a solid ball
Moment naepuun chepot 1=%3 MR? Moment of inertia of sphere
O6béM mapa v =43 nR® Volume of a ball
ITnowans chepsl S = 4nR* Area of sphere
b 3.14159265 B
e 2.71828183 e
3onoToE ceueHue, @ 1.61803399 Golden ratio, @
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AnemMeHTbl OpoUT U Pu3nYeckue XxapakTepuCcTUKHK
NNaHeT, HeKOTOPbIX KapfIMKOBLIX nnaHeT, ConHua v JlyHbt

Parameters of orbits and physical characteristics of
planets, some dwarf planets, Sun and Moon

CpenHee Cuaepuieckuin 3Ko- Skeato- Cpea- | Yckop. | Makc.
HebecHoe paccTofHve oT nepuog, obpatleHus LieH- puaneH, Macca HAs cBob. Bneck,
TENOo, LIEHTpPAaneLHOIo TEna TRWCKU- | AkhameTp nneT- nan. BUA, C Aﬂb-
nnadHeTa B B B ‘E; TeT, HOCTb ¥ I"IO%. 3emnu 68}10
acmp. MITH. mponu4, | cpedrux i
ea.p KM éoodax c!;(mxax e L 10 ke | M m/c
Average distance to Sidereal Ec- Equat. Av. Grav. Max.
Baody, central body {(or analogous) pericd | centri- | diameter Mass den- | acceler. | magn. Al-
planet II} |? i in y . city 3i sity 5 at su;f. éror??_l bedo
astr. min. ropica n a
units km yé';rs days e km 10" kg | g/cm m/s )
gggﬂus 1,6:10° | 25-10" | 22-10° 8-10" 1392000 | 1989000 | 1,409 26,8
Mepkypui 5 om
Mereuy 0,387 57,9 0,241 87,969 | 0,206 4879 | 03302 543 3,70 2,2 0,06
ngﬁga 0,723 108,2 0,615 224,701 | 0,007 12104 | 4,8690| 5,24 887 | -47™| 078
Egﬂﬂ” 1,000 1496 1,000 | 365256 | 0,017 | 12756 | 59742| 5515 9,81 0,36
n O*;'f;] 0,00257 | 038440 0,0748 27,3217 | 0,055 3475 | 0,0735| 3,34 162 | -127™ | 007
Maps 1524 | 2279 | 1880 | 686980 | 0,093 | 65794 | 06419 394 371 | -20™| 015
Hgfgspa 277 414 4,60 1 681 0,077 963 | 00009 216 0,27 6,7 | 009
EB“;?F’ 5,204 778,6 11,862 | 4332,59 | 0,048 | 142 984 | 18998 1,33 2486 | 27" | 066
ggﬁﬂ“ 9,584 | 1433,7 | 29,458 | 10759,20 | 0,054 | 120536 | 56850 | 0,70 10,41 0, 7™ | 068
E?g:us 19191 | 28710 | 84,015 | 3068593 | 0,046 | 51118 | 86625 | 1,30 8,44 55™ | 0,74
Hgg{g’;‘*e 30071 | 44986 | 164,778 | 60 187,64 | 0,008 | 49532 | 10278 | 1,76 | 11,20 | 7,8™ | 058
g 39482 | 59064 | 24809 | 90613 | 0,249 | 2374 | 0,0130| 186 061 | 151™ | 06
Makemake
Makermake | 45436 | 59064 | 305,28 | 111867 0.163 1502 | 0,003 | 1,70 0,40 0.77
gﬁgﬂa 67,668 | 10210 557 203 500 0,441 2326 | 0,0167| 2,62 0,68 0,90
**) Ans BHeWHWX nnaHeT U JlyHbl — B cpeaHem NpoTUBOCTOAHWUK.
**) For outer planets and Moon — in mean opposition.
HaHHble O HeKOoTOpbIX 3BE3pax Data of some stars
Paccmosanue 3e.een. Temnepamypa Macca
R.A. DEC :
Distance Mag. Temperature  Mass
ConHue Sun o) o"—-24"  .23°26' — +23°26' 1au -28™.74 5777 K 1Mg
Betenereiise Betelgeuse  a Ori 05" 55™ 10° 07° 24' 25" 197 pc o0™.5 3590 K 11.6 Mo
Anba Alpha e o Emy o -0™.01 5810 K 1.11 Mo
LeHTaspa  Centauri ~ @ C°n 14739736 -60°50°07 haspe 1m 33 5260 K 0.93Mo
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Theoretical round. Problems to solve

1. Satellite of Mars. There is a project to launch an artificial satellite in an orbit around Mars with
equipment for solar eclipse observations, similar to what we see from the Earth. Mars itself
would be the object occulting the Sun. Estimate, whether it is possible, and what could be the
orbital period of the satellite. Clearly explain your solution with a drawing.

2. Length of Day. Due to oas:
' influence of the Moon the §3:
Earth's rotation is gradually &=
slowing down, increasing the $z- ./
length of day by 16 milliseconds 022/
I svery millennilin, Howevar, o fpesm i e e e e
1965 1970 1975 1980 198% 1990 199 2000 200% 2010 2015

apart from this there is a

considerable variation of this duration with the periods from one year to several hundred years.
In the given figure, the so-called “subdecadal’ length of day variations during last 50 years is
along horizontal axis and deviation in milliseconds is along vertical axis. According to one of the
theories, the only reason for these variations is fluctuations in sea level. In frames of this model
find, for which value the sea level would rise (Ah = +...) or fall (Ah = —...) from 1995 to 2003.

Problems 3, 4, 5 — see page 2.

3apaun 3,4, 5 —cm. cTp. 2.
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Theoretical round. Problems to solve

1. Dyson sphere. There is a fantastic hypothesis that Betelgeuse is not a red supergiant, but an
artificial construction, Dyson sphere, made by a super-high-temperature civilization around their
star. Naturally, the radius of the constructed sphere was the same as the previous orbital radius
of their former planet. Estimate the orbital period of their former planet.

1 1

2. Length of Day. Due to influence of the Moon the Earth's H vr; ot " +4 ms
rotation is gradually slowing down, increasing the length of . Al ~ e M

day by 16 milliseconds in every thousand years. However,
apart from this, considerable variations of this duration with _

the periods from one year to several hundred years exist. In 1850 1900 1950 2000
the given figure, length of day shifts including the so-called “subdecadal” variations from year
1830 to 2014 is along horizontal axis and deviation in milliseconds is along vertical axis.
According to one of the theories, the only reason for these variations is fluctuations of sea level.
In frames of this model find, how the sea level was changing during this period. Draw an
indicative plot of these changes (on the horizontal axis — years, on the vertical one — changes of
sea level in a reasonable scale).

-4 ms

L L B |

Problems 3, 4, 5 — see page 2.

3apayn 3, 4, 5 —cm. cTp. 2.
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Theoretical round. Problems to solve.

Common introduction for problems 3 and 4. Heaven omen. On June 22, 813 A.D, after 15 days
of standing opposite to each other, Bulgarian Khan Krum defeated the Byzantine army of
Emperor Michael | Rhangabe near Adrianople (currently Edirne, Turkey) and took over the city.
After this victory, the Bulgarian army marched on to Constantinople and besieged the capital of
the Byzantine Empire. It is possible that the outcome of the battle was affected by superstitious
generals. Fear of astronomical events is described in the Byzantine chronicles: “When the two
armies, Bulgarian in north-west and Greek in south-east, converged, a terrible celestial omen
was the gaze of warriors: two comets, bright as moons, separated from one another”. Some
historians of astronomy believe that it is one of the first descriptions of a cometary nucleus
fragmentation. However, there are also other options.

3. Heaven omen. Two comets. Imagine two comets, moving one by one strictly on the same
trajectory. Supposing orbital period of the comets is exactly 3 years, let us assume that they
come in opposition for an observer on the Earth during the aphelion passage of their orbit
(reaching the middle of asteroid belt), but their apparent positions in this position are so close to
each other, that the comets merge into one visible point for the naked eye. At what maximum
angular distance from each other the comets can be observed at the time of perihelion
passage? (At this angular distance, perhaps two comets were seen in June 813 A.D).

4, Heaven omen. Moon and comet. Even more surprising, but nonetheless, a possible
explanation for this phenomenon may be the end of the occultation of a bright comet by the
Moon in thin crescent phase. Then the warriors can see how the comet comes out from behind
the illuminated part of the Moon and two crescents break up in the sky. In this case:

4.1. At what time of day could this phenomenon have been observed?

4.2. In what constellation could this phenomenon have been observed?

4.3. For which of the two armies the omen has given more fright? Why?

4.4. Include an artistic picture with an image of warriors before the battle. Necessary sizes or
angular sizes should be pointed out in the picture.

4.5, Calculate (or explain what data is missing for the calculation), in which of the 15 days of
standing armies before the battle, could this phenomenon have been observed.

5. Search for asteroids. It is possible to register an asteroid from the main asteroid belt down to a
size of 2.5 km by a modern medium-size telescope. What size of the objects of the Kuiper belt
can be registered by the same telescope with the same methods? You should remember all
necessary properties and data of asteroids of the main belt and Kuiper belt by heart.
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