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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 have no real sense. In this case you have to write in your answer (in English or Russian):
«impossible situation — curyauus HeBo3moxxHa» . Of course, this answer has to be explained numerically or logically.

Data from the table of planetary data may be used for solving every problem.
The answers «Jla-Yes» or «Her-No» has to be written 1n English or Russian.

1. Circumpolar stars. Usually we consider that there are about 6000 stars in the whole sky which are
visible to the naked eye. The refraction near the horizon 1s 35'. Find, how many more stars visible to the
naked eye become circumpolar (which means that they never set) due to refraction:

1.1 for observer on the North Pole at zero height position (like Polar Bear in a position with its eyes at
zero height).

1.2 for observer on the Equator at zero height position (like Giraffe with the eyes lowered to zero
level).

In your solution include a picture with an image of the Bear on the ices of North Pole and the Giraffe
on the Equator, and necessary dimensions and/or angular dimensions used.

2. Observation of a star. A star is observed from the Earth. It is found that its magnitude is m; =2".74
when observed at Zenith and m, =2".85 when observed at 45° above the horizon. What would the
apparent magnitude my of the star be if observed from above the atmosphere (from a satellite, for
example)?

3. Parallax. Like humans, astronomers of Mercury use the same method for definitions of parallaxes and of
parsec but measure them in different (their own) units. For example, the distance to Sirius equals to 1.406
mepc (1.406 mercurial parsec).

- Describe the most evident system of angular units used by astronomers of Mercury.
- Calculate the mercurial diurnal parallax of the Sun and write the answer in “meau” (mercurial angular
units — the common angular units for astronomers of Mercury).

4. Climate. There 1s a reference to climate in Crimea according to observations during 934 months between
1821 and 1991 on the web-site of the XV TAO. The average temperatures in Simferopol in January and
July are equal to —0.4° C and +21.2° C respectively according to that data. Imagine a planet whose axis of
rotation 1s perpendicular to the planets’ ecliptic. Estimate, what the eccentricity of the planets’ orbit
should be 1n order to give climatic seasons identical to the ones in Crimea.

5. Cosmonaut. Imagine a small space station with a total mass of M = 50 ton placed far away from any
celestial body. A cosmonaut with a total mass (with ammunitions) of m = 100 kg appears L = 80 m away
from the station without any fuel. Calculate (estimate) the time t after which the cosmonaut reaches the
station due to gravitational attraction. Consider the initial velocity of the cosmonaut to be zero.
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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 have no real sense. In this case you have to write in your answer (in English or Russian):
«impossible situation — cuTyauust Heso3moxHa». Of course, this answer has to be explained numerically or logically.

Data from the table of planetary data may be used for solving every problem.
The answers «Jla-Yes» or «kHer-No» has to be written 1n English or Russian.

1. Circumpolar stars. Usually we consider that there are about 6000 stars in the whole sky which are
visible to the naked eye. The refraction near the horizon 1s 35'. Find, how many more stars visible to the
naked eye become circumpolar (which means that they never set) due to refraction:

1.1 for observer on the North Pole at zero height position (like Polar Bear in a position with its eyes at
zero height).

1.2 for observer on the Equator at zero height position (like Giraffe with the eyes lowered to zero
level).

In your solution include a picture with an image of the Bear on the ices of North Pole and the Giraffe
on the Equator, and necessary dimensions and/or angular dimensions used.

2. Observation of a star. A star is observed from the Earth. It is found that its magnitude is m; = 2".74
when observed at Zenith and m, =2".85 when observed at 45° above the horizon. What would the
apparent magnitude mgy of the star be if observed from above the atmosphere (from a satellite, for
example)?

3. Parallax. Like humans, astronomers of Venus use the same method for definitions of parallaxes and of
parsec but measure them 1n ditferent (their own) units. For example, the distance to Sirius equals to 19.6
vpe (19.6 venusial parsec).

- Describe the most evident system of angular units used by astronomers of Venus.
- Calculate the venusial diurnal parallax of the Sun and write the answer in “vau” (venusial angular units —
the common angular units for astronomers of Venus).

Note: citizens of Venus have two hands (as humans), and 7 fingers at each hand.

4. White dwarf. The absolute stellar magnitude of a white dwarf is 14™. Humanoids create a planet similar
to the Earth by all parameters (including atmosphere and climate) rotating around this white dwarf.
Calculate (estimate) the minimal possible sidereal period of the planet.

5. International Space Station. The graph presents the change in height of the ISS orbit depending on time.
Estimate the average density of the atmosphere at heights around 340-360 km. Consider the orbit to be
circular. The mass of ISS is 362 ton. Consider the cross-section of the ISS-complex to be S =500 m’
(including:-the sections of the solar cell array).
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HekoTopbie KOHCTAHTBI U (POPMYJIbI

Some constants and formulae

CkopocCTh CBETa B BaKyyMe, ¢ (M/C) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I'paBuTalMoHHas nocrosiHHas, G (H-m"/xr?) 6.674-10™ Constant of gravitation, G (N -mszgz)
Conueunas nocrosiHHas, A (Bt/m%) 1367 Solar constant, A (W/m®)
[TocTostHHas Xab00na, CpEIHEE 3HAYCHHUE 70 mean value Hubble constant,
Ho (km/c/MI k) JTMATIa30H 3HAYCHUH 50-100 diapason of values Hy (km/s/Mpc)
[Tocrosanas [Inanka, h ([x-c) 6.626-107* Plank constant, h (J-s)
3apsan 3neKTpoHa, € (Ki) 1.602-10™" Charge of electron, e (C)
Macca 3nekTpoHa, m, (Kr) 9.109-10™ Mass of electron, m, (kg)
COOTHOIEHHE Macc MPOTOHA U 3JIEKTPOHA 1836.15 Proton-to-electron ratio
[TocrosaHas @apanes, F (Kn/mois) 96 485 Faraday constant, F (C/mol)
MarnuTHas nocTosHHag, Ly (I ' v/Mm) 1.257-10° Magnetic constant, py (H/m)
YHuBepcansHas razosas nocrosHHas, R ([ x/Mons/K) 8.314 Universal gas constant, R (J/mol/K)
[TocrosHHas bompumana, k ([1x/K) 1.381-10% Boltzmann constant, k (J/K)
CranpaptHas armocdepa (I1a) 101 325 Standard atmosphere (Pa)
[Tocrostuuas Credana-Bomsimana, 6 (Bt/m*/KY) 5.670: 107 Stefan-Boltzmann constant, ¢ (W/m*/K*)
Koxcranra cMemenus Buna, b (M-K) 0.002897 Wien’s displacement constant, b (m-K)
Jlaboparopnas mmHa BoiHel Ha (A) 6563 Laboratory wavelength of Ha (A)
[Toxazarens nmpenomiieHusa Boasl rpH 20°C, n 1.334 Refractive index of water for 20°C, n
[Tmomans chepsl S = 47R’ Area of sphere
m 3.14159265 T
JlaHHbIE 0 HEKOTOpPbIX 3B€3Jax
Data of some stars
RA DEC p m SC
ApPKTYp Arcturus a Boo 14" 15" 40° 19° 10' 57" 0".089 -0.05 K1
Bera Vega a Lyr 18" 36" 56° 38°. 47 |* 0,128 0.03 A0
JleHe6 Deneb a Cyg 20" 41™ 26° 45° 16' 49"  0".001 1.25 A2
[TonapHas Polaris a UMi g2™ 31* 51° 89° 15' 51" 0".007 2.02 F7
CupHyc Sirius a CMa 06" 45™ 09%  -16° 42' 58" 0".379  -1.46 Al
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du3uyecKkHe XapaKTepHUCTHKH HEKOTOpbIX mJaHet, JIyHbl, CoHUa U JpHABI

Cpennee Cunepuueckui : JKC- | IKBATO- _Cpe,u- Yckop. | Maxkc.
HebecHoe pacCcTOsAHUE OT (WJIM aHAJIOTUYHbI) LIEH- | PHUaJIbH. Macca HSAST cB0D. | Oneck,
TeNno, | LEHTPAJbHOrO TeNa | TNEpPHOA OOpalleHHs | TPUCH- | OHAMETP oT- | mnag. | BHUA.C | AJb-
MJjaHeTa B B B B TET, HOCTb | ymnoB. | 3emnu | Oeno
acmp. MAH. | TpPOMH4Y. | CpenHuX KM il |
eo. KM rozax CyTKax €
Average distance to Sidereal Ec- Equat. Max.
Body, central body or @alogous) period | centri- | diameter acceler. | magn.
planet in In in city from
astr. min. troph. in days km Earth
units |  km years € %)
(S::;’H“e 1.6:10° | 2,510 | 22108 8101 1392000 | 1989000 | 1,409 26,8™ |
l
wnaimal DR Y7 57.9 0241 | 8797 | 0206 | 4879 | 0,3302| 5,43 3,70
Mercury v
| . {
A 0,723 | 1082 0,615 22470 | 0007 | 12104 | 48690 | 524 | 887
Venus i
;eaftf | 1,000 | 1496 | 1,000 | 36526 | 0017 | 12756 | 59742| 5515| 9,81
f/l’g:fn 0,00257 | 0,38440 | 0,0748 | 27,3217 | 0,055 | 3475 | 0,0735| 334 | 1,62 | -12,7"
vy 1,524 | 2279 | 1,880 | 68698 | 0,093 | 6794 | 06419 3,94 | 3,71 | -2,0m
f’;?:p 5204 | 7786 | 11,862 | 433259 | 0,048 | 142984 | 18998 | 133 | 24386 | 2,7
g:g";ﬁ 0,584 | 14337 | 29458 | 1075920 | 0,054 | 120536 | 56850 | 0,70 | 10,41 | o7™
|
gl‘_’i‘;’“a | 68,01 L 204862 | 0,434 | 2600 | 0,0167 I 0,8
**) lna JIyHbl — B CPEAHEM TIPOTHBOCTOSIHUM.
**) For Moon — in mean opposition.
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Graph for problem 5

ISS height in km
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