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Theoretical round. Problems to solve

1. Noon at the Olympiad. Yesterday, on October 16, 2015, the upper culmination of the
Sun at the venue of the Olympiad was at 11:29:43 local time. Calculate as accurate as
possible at what time the upper culmination of the Sun will be (or was) today.

Estimate the difference Ah in the height of the Sun at the culminations yesterday and
today.

2. Eclipse on the Poles. The White Bear and the Penguin from the previous International
Astronomy Olympiads returned to their poles (North and South respectively), and decided
to observe an annular solar eclipse. The Penguin was lucky to see an amazing picture: at
the maximum phase of the eclipse the centres of both discs, solar and lunar, appeared
just on the visible horizon. And what did the Bear observe at this time? Draw what the
White Bear saw at that moment, and also contour by dotted line the true positions of the
Sun and the Moon. Assume that the Earth is spherical. The drawing should include an
artistic picture with an image of the Bear on North Pole; necessary sizes or angular sizes
should be pointed out in the picture. Recollect for yourself the necessary information
about the animals.

3. Close conjunction. Some time after the events described in the previous problem
(nobody knows even the order of magnitude how long after — minutes, or hours, or days,
or vears ...), Venus at the point of eastern elongation came to close conjunction with
Mars, which was located near the aphelion of its orbit. At the same time a total lunar
eclipse occurred on the Earth.

3.1. Draw the corresponding scheme.

3.2. Explain, which animal (sitting at the same poles) may see this lunar eclipse. (At the
very end of your explanation write as answer B+ or B— for the Bear and P+ or P- for the
Penguin.) An artistic picture of the observations of the animals is welcome.

3.3. Calculate in which constellation the eclipsed Moon was observed.

3.4. Estimate minimal possible time passed from the situation of the previous problem
to the situation of the current one.

4. Alpha Centauri. Calculat(%, which star emits more energy: the Sun or Alpha Centauri
A+B.

5. Motion of a satellite. An artificial sateilite, moving in equatorial, slightly elliptical orbit
passed the perigee point at the height of Hp = 428.0 km from the sea level; and its speed
at the point was 0.6% higher than the circumferential velocity of the given point. Find the
time after which the satellite will reach the height Hy = 488.0 km?
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Theoretical round. Problems to solve

1. Noon at the Olympiad. Yesterday, on October 16, 2015, the upper culmination of the Sun at
the venue of the Olympiad was at 11:29:43 local time. Calculate as accurate as possible at what
time the upper culmination of the Sun will be (or was) today.

Estimate the difference Ah in the height of the Sun at the culminations yesterday and today.

2. Eclipse on the Poles. The White Bear and the Penguin from the previous International
Astronomy Olympiads returned to their poles (North and South respectively), and decided to
observe an annular solar eclipse. The Penguin was lucky to see an amazing picture: at the
maximum phase of the eclipse the centres of both discs, solar and lunar, appeared just on the
visible horizon. And what did the Bear observe at this time? Draw what the White Bear saw at
that moment, and also contour by dotted line the true positions of the Sun and the Moon.
Assume that the Earth is spherical. The drawing should include an artistic picture with an image
of the Bear on North Pole; necessary sizes or angular sizes should be pointed out in the picture.
Recollect for yourself the necessary information about the animals.

3. Close conjunction. Some time after the events described in the previous problem (nobody
knows even the order of magnitude how long after — minutes, or hours, or days, or years ...),
Venus at the point of eastern elongation came to close conjunction with Mars, which was
located near the aphelion of its orbit. At the same time a total lunar eclipse occurred on the
Earth.

3.1. Draw the corresponding scheme.

3.2. Explain, which animal (sitting at the same poles) may see this lunar eclipse. (At the very
end of your explanation write as answer B+ or B- for the Bear and P+ or P— for the Penguin.)
An artistic picture of the observations of the animals is welcome.

3.3. Calculate in which constellation the eclipsed Moon was observed.

3.4. Estimate minimal possible time passed from the situation of the previous probiem to the
situation of the current one.

4. Constellation of White Leopard. According to an ancient legend of Middle Voiga there was a
constellation called White Leopard (Benbiin Bapc — Pardus Album) in the sky in the very past, in
which the number of stars were exactly equal to the number of letters in the Greek alphabet,
and the stars had magnitudes o PaA - +0.10™, B PaA — +0.20™, y PaA — +0.30™, & PaA —

+0.40™, and so on with adding 0.10™ till » PaA. Calculate the total magnitude of the stars of this
constellation.

5. Spiral galaxy. A spiral galaxy consisting mainly of A7-A8 spectral class stars was discovered in
the Southern Cross (Crux) constellation. The galaxy may be seen as oval of about
40 by 30 arcsec in the sky. The broadened Hu line is observed at wavelengths approximately
from 7054 A to 7057 A in the spectrum of the galaxy. Other lines in the spectrum are also
shifted and broadened proportionaily. Estimate the number of stars in the galaxy.
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AneMeHTbl OpoUT U dm3nyeckne xapakTepucTUKuM nnaHeT, ConHua M JlyHbl

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

CpepHee Cupepuueckuit Oke- Okeato- Cpea- | Yckop. Makc.
HebecHoe paccrosiHue oT nepvopa obpatyeHus LeH- puanoH. Macca HAA cBoO. 6neck,
Teno, LUEeHTpanbHOro tena TPUCU- | OAnaMeTp nnoT- nag. BU4. C Anb-
nnaHeta B B B 3 TeT, HOCTg y nog. 3emnu | 6epo
acmp. MNH. | mponuy. | cpedHux b
ed. KM apodax glmkax e e 10% ke | 2/cM m/c
Average distance to Sidereal Ec- Equat. Av. Grav. Max.
Body, central body (or analogous) period | centri- | diameter Mass den- | acceler. | magn. Al-
planet mt 17\ : in i ) city sity3 at sugf. érorrtr;) bedo
astr. min. ropica n 24 a
units km y(fars days e km 10 kg | g/cm m/s *)
Conxue 1,6:10° | 25:10" | 2,2:10° 810" 1392000 | 1989000 | 1,409 -26,8™
Sun
Mgfc"m”” 0,387 57,9 0,241 87,969 | 0,206 4879 | 0,3302| 543 370 | -22™ | 0,06
fiowepa 0723 | 1082 0615 | 224,701 | 0,007 | 12104 | 4,8690 | 5,24 887 | -47™ | 078
E o 1,000 | 1496 1,000 | 365256 | 0,017 | 12756 | 59742| 5515| 9,81 036
”0'2; 0,00257 | 0,38440 0,0748 27,3217 | 0,055 3475 0,0735| 3,34 162 | -12,7™ | 0,07
Mape 1624 | 2279 1,880 | 686,980 | 0,093 6794 | 06419 394 371 | -20™ | 015
ﬁgngfp 5204 | 7786 | 11862 | 433259 | 0,048 | 142984 | 18998 | 133 | 2486 | -2,7" | 066
gggr%“ 9,584 | 14337 | 29,458 | 10759,20 | 0,054 | 120536 | 568,50 | 0,70 10,41 0,7" | 0,68
s 19,191 | 28710 | 84,015 | 3068593 | 0,046 | 51118 | 86,625 | 1,30 844 | 55" | 074
Hggme 30,071 | 44986 | 164,778 | 60 187,64 | 0,008 | 49532 | 102,78 | 1,76 11,20 78™ | 0,58
**) Ans BHeWHUX nnaHeT u JlyHbl — B cpegHem NPOTUBOCTOSIHUW.
15 **) For outer planets and Moon — in mean opposition.
12 N
5‘/ \
v
6 \ 7 \ O6cepBa- | KasaHckuii | MMeTpoB.-
3 \ / \ / KoopauHnatbi TOpUSA Kpemnb cKoe
0 7 / Coordinates Observa- Kazan Petrov-
3 / \\ / tory kremlin skoye
f \ / A (E/spg )| 48 49’ 49° 06" 49° 06
]
12 \ / ® (N/cuw.) 55° 50’ 55° 48" 55° 41’
15 Yacosoit nosc
Jan. Feb. Mar Apr. May Jun. Jly. Aug. Sep. Oct\‘ﬂ;w. Dec. Timezone HT3 UT+3 UT+3
YpaBHeHue BpemeHu  Equation of time
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HekoTopbie KOHCTaHTbl U (hopMynbl

Some constants and formulae

CkopocTh cBeTa B BakyyMme, ¢ (M/c) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I'paBuraumonHas nocrosiHuasi, G (H-m*/kr?) 6.674-10™" Constant of gravitation, G (N-mz/kgz)
Conxeunas nocrosiHast, A (Br/m®) 1367 Solar constant, A (W/m?)
INapameTp Xa66ma, CpelHee 3HaUeHUe 68 mean value Hubble parameter,
Hy (xm/c/MI1k) JUana3oH 3HaYCHHH 50-100 diapason of values  H, (km/s/Mpc)
IMocrosuuas ITnanka, h (Jx-c) 6.626-107* Plank constant, h (J-s)
3apsz anektpoHa, e (Ki) 1.602:107" Charge of electron, e (C)
Macca sneKTpoHa, m, (Kr) 9.109-10° Mass of electron, m, (kg)
COOTHOIIIEHHE Macc MPOTOHA U AJIEKTPOHA 1836.15 Proton-to-electron ratio
IToctosinnas @apanes, F (Kin/mois) 96 485 Faraday constant, F (C/mol)
MaruuTHas noctosiHHas, o (I'a/m) 1.257-10°° Magnetic constant, py (H/m)
YHuBepcanbHas ra3oBas nocrosiHuas, R (Ix/mons/K) 8.314 Universal gas constant, R (J/mol/K)
IMoctosinHas bonbiMana, k (Jx/K) 1.381:107% Boltzmann constant, k (J/K)
TToctosunas Credana-Bonbimana, o (Br/m*/K*) 5.670-10° Stefan-Boltzmann constant, o (W/m*/K*)
Koncranra cmenienus Buna, b (Mm-K) 0.002897 Wien’s displacement constant, b (m-K)
Jla6opatopnas miuna BosHbl Ha (A) 6562.81 Laboratory wavelength of Ha (A)
Jiuna Tponmueckoro roaa, T (cyT) 365.242199 Tropical year length, T (days)
ITepuon obpalieHus y3/10B JIyHHOM OpOUTHI (J1€T) -18.6 Nodal period of lunar orbit (years)
CranpaptHas armocdepa (I1a) 101 325 Standard atmosphere (Pa)
Ocnabnenue BUAUMOro ceera cioem | arMocdepsi 19%. 0.23™ Visible light extinction by the terrestrial
(MUHMMAJTIBHO) ’ atmosphere in zenith (minimum)
Beicora ogHOpoaHO#M aTMocheps! (M) 7991 Height of homogeneous atmosphere (m)
IMokazatens npenomnenus Boasl mpu 20°C, n 1.334 Refractive index of water for 20°C, n
MoMmeHT uHepLuy Lapa I= 2/5 MR? Moment of inertia of a solid ball
O06béM 1mapa V=45 nR? Volume of a ball
ITnowmans chepsr S = 4nR? Area of sphere
n 3.14159265 T
e 2.71828183 e
3onoTo€ ceyeHue, @ 1.61803399 Golden ratio, @
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20 cambiX APKMX 3BEé3a Heba 20 brightest stars in the sky
RA DEC p m ScC
AnbTanp Altair a Aql 19" 50" 47° 08° 52' 06" 0".195 o™.77 A7
Kanenna Capella o Aur 05" 16™ 41° 45° 59' 53" o".073 o™.08 G5+G0
ApKTYp Arcturus o Boo 14" 15™ 38° 19° 10' 57" 0".089 -o™. 04v K1
Kanonyc Canopus a Car 06" 23™ 57° -52° 41' 45" 0".028 -0™. 72 FO
Toliman A hoxgm mpe o -0".01 G2
: - v 07" ".747 i
TonumaH (Rigel Kent) a Cen B 14" 39" 36 60° 50' O 0 1m 33 K1
Xapap Hadar B Cen 14" 03™ 49° -60° 22' 23" 0".009 o™. 61 Bl
Cupuyc Sirius o CMa 06" 45™ 09° -16° 42' 58" 0".375 -1™. 46 Al
MpoumoH Procyon o CMi 07" 39™ 18° 05° 13' 30" 0".288 o™. 38 F5
AKpyKC Acrux aCru 12" 26™ 36° -63° 05' 57" 0".010 o™. 77 BO
Bekpykc Becrux B Cru 12" 47™ 43° -59° 41' 20" 0".009 1™.30 BO
[Nexeb Deneb a Cyg 20" 41™ 26° 45° 16" 49" 0".002 1™.25 A2
AxepHap Achernar o Eri 01M 37™ 43° -57° 14' 12" 0".026 o™. 46 B3
Monnyke Pollux B Gem 07" 45™ 19° 28° 01" 35" 0".097 1™.14 KO
Bera Vega aLyr 18" 36™ 56° 38° 47' o1 o"™.123 0™.03 A0
Betenbrense  Betelgeuse a Ori 05" 55™ 10° 07° 24' 25" 0".005 o™. 5 M2
Purenb Rigel B Ori 05" 14™ 32° -08° 12' 06" 0".013 o™. 12 B8
domanbrayT Fomalhaut o PsA 22" 57™ 39° -29° 37' 20" 0".130 1™.16 A3
AHTapec Antares o Sco 16" 29™ 24° -26° 25' 55" 0".024 0™.96  M1+B4
AnbaebapaH Aldebaran o Tau 04™ 35™ 55° 16° 30' 33" 0".048 o™.85v KS
Cnuka Spica o Vir 13" 25™ 12° -11° 09" 41" 0".023 o™. 98 Bl
HekoTopble apyrue 3Bé3abl Some other stars
Xamanb Hamal o Ari 02" 07™ 10° 23° 27" 45" 0".050 2™, 01 K2
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
Mpokcuma Proxima V645 Cen, h mam jns _sne , N N -
Liexraepa Centauri 0 Cen C 14® 29™ 43 62° 40' 46 0".769 11™.05 M5.5
Mpeyeckun andaBut Greek alphabet
A o anbta  alpha I i norta iota P p po rho
B B Geta beta K K Kanna kappa 2 c curma sigma
Ir Y rammMa gamma A A nambaga lambda T T Tay tau
A ) aenbta delta M I MIO mu Y v  uvncunoH  upsilon
E ¢ ancunoH epsilon N v HIO nu (0] 0} (o e]"] phi
Z C Aszeta zeta E & KcK xi X x xm chi
H n aTa eta O o0 oOoMuKpoH  omicron Y vy ncm psi
® 0 TeTa theta IT T nm pi Q o omera omega
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Some constants and formulae

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/mz)

68 mean value Hubble parameter,
50-100 diapason of values |H, (km/s/Mpc)
6.626-107* 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, py (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, ¢ (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)

-18.6 Nodal period of lunar orbit (years)
101 325 Standard atmosphere (Pa)

19%, 023 | T ere in genth (mimimamy
7991 Height of homogeneous atmosphere (m)
1.334 Refractive index of water for 20°C, n

I= 2/5 MR? Moment of inertia of a solid ball

V= 4/3 7R} Volume of a ball

S = 47R? Area of sphere

3.14159265 T

2.71828183 e

1.61803399 Golden ratio, ¢

Poccusn, Tarapcran, Kazahlb 2015 Kazan, Tatarstan, Russia



