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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 HeBo3moz:kHay. 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. Dreams of the Polar Bear. Terrestrial Polar Bear-observer, watching the lunar disk in the phase of the
full moon, in his dreams became thousand times closer to it. What did the magnitude of the Moon
become? The solution has to include an artistic picture with an image of the Bear-observer on the North
Pole.

2. Great oppositions. Now great oppositions of Mars happen every 15 or 17 years. To simplify colonization
of Mars, to improve environmental conditions on it, and to increase the effect of the great oppositions, our
civilization has conceived an ambitious project: to reduce by 6.0% the semi-major axis of this planet’s
orbit, while keeping the eccentricity of the orbit unchanged. How often will the great oppositions of Mars
occur in the case of the new orbit?

3. Proxima Centauri. Can the star Proxima Centauri be visible from the vicinity of Alpha Centauri by
naked eye? («ma-yes» Or «Her-no»). Justify your solution by calculations of the corresponding apparent
magnitude of Proxima Centauri.

4. Hydroplanet. Hydroplanet consists of a rocky “core” of radius R and a thick layer of water surrounding it
from all sides. Local humans live at the bottom of this world’s ocean (i.e., on the surface of the “core”),
and hydrosphere is an analogue of our atmosphere for them. Local scientists observe astronomical objects
from the bottom of the ocean. Like on our Earth, the duration of day-night period on Hydroplanet is T = 24
hours.

4.1. Find the minimum depth H of the ocean, for which celestial bodies will be visible at the horizon.

4.2. What will be the duration of the day for inhabitants of the planet’s equator? The disk of the central
star can be considered as a point source of light.

4.3. Calculate the value of “atmoshperical” refraction at the horizon on such a planet.
Points of your solution have to include drawings with all necessary sizes or angular sizes. The outer
surface of the ocean is smooth, no waves or ripples.

5. Argali. Argali (mountain sheep, in Kyrgyz and Russian - Arkhar), who lives in the foothills near Cholpon-
Ata, is interested in the fact that students from different countries came to the Issyk-Kul and are looking at
the sky at night, and not just so, but using some tubes. Moreover, Argali found himself in the logo of the
event, as well as learned that one of the constellations in the sky was named in his honor. Will Argali see
the stars of this constellation in the sky tonight? («ma-yes» unu «Het-no»). At what time (Kyrgyz time)
and at what altitude the brightest star of this constellation will culminate during the nearest day or night?
The solution has to include an artistic picture with an image of Argali observing “his” constellation in the
sky.

6. Brightest stars. Which four stars will be the brightest in the night sky of Cholpon-Ata in the CL (150"
century AD? Consider that ~5° of the sky above the horizon are blocked by mountains. Explain your
answer and prove it by necessary drawings and calculations. Any names of stars write in Latin.
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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 — curyanus HeBo3moz:kHay». 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. Dreams of the Polar Bear. Terrestrial Polar Bear-observer, watching the lunar disk in the phase of the full moon,
in his dreams became thousand times closer to it. What did the magnitude of the Moon become? The solution has to
include an artistic picture with an image of the Bear-observer on the North Pole.

2. Great oppositions. Now great oppositions of Mars happen every 15 or 17 years. To simplify colonization of Mars,
to improve environmental conditions on it, and to increase the effect of the great oppositions, our civilization has
conceived an ambitious project: to reduce by 6.0% the semi-major axis of this planet’s orbit, while keeping the
eccentricity of the orbit unchanged. How often will the great oppositions of Mars occur in the case of the new
orbit?

3. Proxima Centauri. Can the star Proxima Centauri be visible from the vicinity of Alpha Centauri by naked eye?
(«ma-yes» or «met-noy»). Justify your solution by calculations of the corresponding apparent magnitude of Proxima
Centauri.

4. Hydroplanet. Hydroplanet consists of a rocky “core” of radius R and a thick layer of water surrounding it from all
sides. Local humans live at the bottom of this world’s ocean (i.e., on the surface of the “core”), and hydrosphere is
an analogue of our atmosphere for them. Local scientists observe astronomical objects from the bottom of the
ocean. Like on our Earth, the duration of day-night period on Hydroplanet is T = 24 hours.

4.1. Find the minimum depth H of the ocean, for which celestial bodies will be visible at the horizon.

4.2. What will be the duration of the day for inhabitants of the planet’s equator? The disk of the central star can
be considered as a point source of light.

4.3. Calculate the value of “atmoshperical” refraction at the horizon on such a planet.
Points of your solution have to include drawings with all necessary sizes or angular sizes. The outer surface of the
ocean is smooth, no waves or ripples.

5. Climate. The XXXII (32" century AD. Due to unknown reasons, the Sun became cooler, not changing its size,
and the inclination of ecliptic to the celestial equator plane decreased to zero. Scientists proved that the problem of
preserving the Earth’s climate and the annual change of seasons can be solved by a small star, negligible mass, but
similar to a main-sequence star, moving in a circular orbit around the Sun. The star will revolve around the Sun as
an inner planet, resulting in establishing a temperature regime on the Earth similar to the actual one at Issyk-Kul:
the average winter and summer temperatures are -3 and +17 degrees respectively.

5.1. Estimate the temperature of the cool Sun.
5.2. Estimate to what spectral class the star which will be placed in the desired orbit will correspond.

6. Sombrero Galaxy. The Sombrero Galaxy, M104, is known as a holder of one of supermassive black holes. Images
of the galaxy and its center (left side) have angular sizes 10'x7' and 10.8"x7.2" respectively. To the right, three
spectra from the Hubble space telescope (in the region containing the emission lines from ionized oxygen and
nitrogen) are shown for regions around the center of the galaxy. The bottom spectrum is from a region around the
very center, while other two spectra are from flanking region. The values on top of the dotted lines indicate the rest
(laboratory) wavelength in Angstroms.

6.1. Is M104 approaching us or receding from us? (Answer this question by sketch drawing.)

6.2. Estimate the velocity of M104 towards us or away from us.

6.3. Roughly estimate the approximate mass of the supermassive black hole in the center of M104 (answer in
solar masses mo).
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JJIeMeHTBbI OpOHUT.
Pu3nyecKue XapaKTEePUCTHKH HEKOTOPbIX maHeT, JIynbl, CosHna u Jpuasl

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

Round Theo
Group | O [3
fI3bIK 19
language PVCCK””
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Cpennee CuneprdecKuii Ha- | Oxc- | DxBaro- Cpen- | Yckop. Makxkc.
Hebecnoe paccTosiHue OT (vm aHAOTHYHBIN) | KIOH | TleH- | puanbH. | Macca | Has | cBoO. Ha- | Oneck,
Telo, LIEHTPAJILHOrO TeJIa | MepHoJI 00palleHus | opOu- | TpUCH- | AMAMET] II0T- | Taj. KJIOH | BUI. C | AJb-
[Imanera B B B B THI, TET, HOCTH | y IIOB. ocH 3€MJ)'II/I oeno
acmp. MJAH. | TPOIIMY. | CPEITHMX . 24 *x
eo. KM rogax | cyrkax I e o 107 k2 | sea® | ml®
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 in in | ation, | city sity |atsurf. | tilt Fromh bedo
astr. tropica in . Kk 24 Eart
units | 10%km | vears days I e m 10" kg g/cm3 m/s? **)
C
Sgnme 1,6:10° | 2,5-10% | 2,2:10° | 8-10% 1392000 | 1989000 | 1,409 -26,74™
M .
Mercury | 0387 | 579 0241 87969 | 7,00°| 0,206 | 4879 | 03302| 543 | 370 0,01° 0,06
B
Venupd 0,723 | 1082 | 0,615 | 224,7007 | 3,40 | 0,007 | 12104 | 4,8690| 524 | 887 |177,36 0,78
3emiist
Earth 1,000 149,6 | 1,000 | 365,2564 | 0,00 | 0,017 | 12756 | 5,9742| 5515| 9,81 | 23,44 0,36
JI
M}E,%an 0,00257 | 0,38440 | 0,0748 | 27,3217 | 5,15 | 0,055 | 3475 | 0,07348| 3,34 1,62 6,7 | -12,7™ | 0,07
M
Mars. 1524 | 2279 | 15880 | 68698 | 185|0093| 6794 | 06419 394 | 371| 2519 | -20" (0,5
10
Jupiter 5204 | 7786 | 11,862 | 433259 | 1,30 | 0,048 |142984 | 18998 | 1,33 | 2486 | 3,13 | -2,7"|0,66
Carypn m
Saturn 9,584 | 1433,7 | 29,458 [10759,20 | 2,48 | 0,054 [120536 | 568,50 | 0,70 | 10,41 | 26,73 0,7" | 0,68
€]
Eﬁ?‘a 68,05 205029 | 43,82 | 0,435 | 2326 | 0,0167| 2,52 0,7 0,96

-

Ipeueccust * Precession

**) JInst BHEIIHUX TUIaHeT U JIyHbI — B CpelTHEM IPOTHBOCTOSHHH.
**) For outer planets and Moon — in mean opposition.

15

/\
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Equation of time
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HexoTopble KOHCTAHTHI U (POPMY.JIbI
Some constants and formulae

CkopocTh CBeTa B BakyyMme, C (M/C)
I'paBuranuonnas nocrosuuas, G (H-m/kr?)
Conueunas noctosuHas, A (Bt/m?)

[Mapametp Xa66ma,
Ho (xm/c/MIIk)

ITocrostanas Imanka, h (Ix-c)

cpenHee 3HaUCHHUE
JUamna3oH 3HaUYeHHN

3apsin anexTpoHa, e (Kir)

Macca snekTpona, M (Kr)
COOTHOIIIEHHE MACC MTPOTOHA H AJICKTPOHA
IMocrosinuas ®@apanes, F (Ki/monb)
MarnuTtHas nocTosiHHas, Lo (I'H/M)
YuuBepcanabHas razoBast mocrosuHas, R (J{x/mons/K)
[TocTostaras bonpnmana, k (Jx/K)
ocrostanas Credana-Bonsimana, o (Br/mY/K*)
KoncranTa cmemienus Buna, b (M K)
Jla6opatopHras mmuHa BosHbl Ha (A)
JniHa Tpornudeckoro roaa, 1 (cyr)
CranpaptHas armocdepa (I1a)

Ocnabnenne BUIMMOTO cBeTa ciioeM 1 atMocdepsl
(MUHMMAIBHO)

BricoTa omHOpOaHOI aTMOchephl (M)
INoka3zatenp mpenomiieHus Bojsl ipu 20°C, n
MOMEHT HHepLUH mapa
O0BéM mapa
[Inomwans coepsr
T
€

3or0TOE CeueHue, @

Koopaunatsi Bunmkex YoamnoH-ATa
Coordinates Bishkek Cholpon-Ata
A (E/B.1) 74° 34" 77° 05"
@ (N/c) 42° 52" 42° 39"
Yacosoii mosic
Timezone UT+6 UT+6
Kuprususi, Bumkexk — Yonnon-Ara 2014

299 792 458 Speed of light in vacuum, ¢ (m/s)
6.674-10™ Constant of gravitation, G (N-m%/kg?)
1367 Solar constant, A (W/m?)
71 mean value Hubble parameter,
50-100 diapason of values  Hg (km/s/Mpc)
6.626-10™ Plank constant, h (J-s)
1.602-10™ Charge of electron, e (C)
9.109-10™* Mass of electron, m, (kg)
1836.15 Proton-to-electron ratio
96 485 Faraday constant, F (C/mol)
1.257-10° Magnetic constant, o (H/m)
8.314 Universal gas constant, R (J/mol/K)
1.381-10% Boltzmann constant, k (J/K)
5.670-10°  Stefan-Boltzmann constant, o (W/m%/K*)
0.002897 Wien’s displacement constant, b (m-K)
6562.81 Laboratory wavelength of Ha, (A)
365.242199 Tropical year length, T (days)
101 325 Standard atmosphere (Pa)

1o, 0z Ve IO etncton by el
7991 Height of homogeneous atmosphere (m)
1.334 Refractive index of water for 20°C, n

I = %5 MR? Moment of inertia of a solid ball

V = %5 nR® Volume of a ball

S = 47R? Avrea of sphere

3.14159265 T

2.71828183 e

1.61803399

Golden ratio, @
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28 caMbIX AIPKHUX 3BE3 Hebda 28 brightest stars in the sky
RA DEC p m sc
AnbTamp Altair a Aql 19" 50™ 47° 08° 52' 06" 0".195 ™. 77 A7
Kanenna Capella o Aur 05" 16™ 41° 45° 59' 53" 0".073 0™.08  G5+GO
APKTYp Arcturus a Boo 14" 15™ 38° 19° 10' 57" 0".089  -0™.04Y K1
Karonyc Canopus o Car 06" 23™ 57° -52° 41' 45" 0".028 -0™.72 FO
Bera Kuns  Miaplacidus B Car 09" 13™ 12° -69° 43' 02" 0".029 1. 68 A2
TonumaH (RT;gI"}Lae”m) o Cen 14* 39™ 36° -60° 50" 07" 0".747 '2:2% o
Xapap Hadar B Cen 14" 03™ 49° -60° 22' 23" 0".009 ™. 61 B1
Cupuyc Sirius a CMa 06" 45™ 09° -16° 42' 58" 0".375 -1".46 Al
Anapa Adara € CMa 06" 58™ 38° -28° 58' 19" 0".008 1™.50 B2
MpouuoH Procyon o CMi 07" 39™ 18° 05° 13" 30" 0".288 0™.38 F5
Akpykc Acrux a Cru 12" 26™ 36° -63° 05' 57" 0".010 ™. 77 BO
Bekpykc Becrux B Cru 12B 47™ 438 -59° 41' 20" 0".009 1™.30 BO
akpykc Gacrux y Cru 12" 31™ 10° -57° 06' 48" 0".037 1".60 M4
LeHeb Deneb a Cyg 20" 41™ 26° 45° 16' 49" 0".002 1™.25 A2
AxepHap Achernar a Eri 01" 37™ 43° -57° 14' 12" 0".026 0™. 46 B3
Kactop Castor o Gem 07" 34™ 36° 31° 53' 18" 0".065 1™.58 Al+A2
Monnykc Pollux B Gem 07" 45™ 19° 28° 01' 35" 0".097 1™.14 KO
Peryn Regulus a Leo 10" o8™ 22° 11° 58' 02" 0".041 1™.35 B7
Bera Vega o Lyr 18" 36™ 56° 38° 47' 01" 0".123 0™.03 A0
BeTenbreiise  Betelgeuse a Ori 05" 55™ 10° 07° 24" 25" 0".005 o". 5" M2
Purens Rigel B Ori 05" 14™ 32° -08° 12' 06" 0".013 o™.12 B8
Bennatpukc Bellatrix y Ori 05" 25™ 08° 06° 20' 59" 0".013 1™. 64 B2
domanbrayr  Fomalhaut o PsSA 22F 57™ 398 -29° 37' 20" 0".130 1™.16 A3
AHTapec Antares a Sco 16" 20™ 24° -26° 25' 55" 0".024 0™.96  M1+B4
Wayna Shaula A Sco 17 33™ 37° -37° 06' 14" 0".005 1™.62 B2
AnbaebapaH Aldebaran a Tau 04" 35™ 558 16° 30' 33" 0".048 o™.85v K5
3nb-Har Elnath B Tau 05" 26™ 18° 28° 36' 27" 0".025 1™.66 B7
Cnuka Spica a Vir 13" 25™ 12° -11° 09' 41" 0".023 o™.98 B1
HexoTopblie apyrue 3Bé3abl Some other stars
Xamarnb Hamal o Ari 02" 07™ 10° 23° 27' 45" 0".050 2™.01 K2
WepaTaH Sheratan B Ari 01" 54™ 309° 20° 48' 30" 0".055 2™ 64 AS
Ty6GaH Thuban a Dra 14" 04™ 23° 64° 22" 33" 0".011 3™.65 A0
PacTabaH Rastaban B Dra 17 30™ 26° 52° 18' 05" 0".009 2™.79 G2
AramuH Etamin yDra 17" 56™ 36° 51° 29' 20" 0".021 2. 24 K5
MonsipHas Polaris o UMi 02" 31™ 49° 89° 15' 51" 0".007 ™. 97" F7
Koxab Kochab B UMi 14" 50™ 42° 74° 09" 20" 0".025 2".07 K4
depkap Pherkad y UMi 15" 20™ 44° 71° 50' 02" 0".007 3™.06" A3
MnnbayH Yildun 5 UMi 17® 32™ 19° 86° 35' 11" 0".019 4™, 35 al
ﬂg‘:{g‘;"p": E;?\);ie;lﬁ V?éeieg' 14k 29 43° ~62° 40" 46" 0".769 11™.05 M5.5
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Hertzsprung-Russell diagram
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