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-1. Culmination of the Moon. To prepare for observing the annular solar eclipse, which will take

place on December 26, 2019 (early in the morning Romanian time), the Polar Bear-astronomer
decided to observe the culmination of the Moon and came to Piatra Neamt for this.

1.1. At what day of October 2019 will the Moon culminate at the highest position?

1.2. At what time (with /tzhe_accuracy of an hour) will this happen?

1.3. Estimate at what this culmination will take place?

1.4. Include an artistic picture with an image of the Bear-astronomer observing the culmination of

the Moon.
The inclination angle of the lunar orbit 5°09' should not be taken into account.

a-2. NGC of the Year. NGC 2019 is a globular cluster in the constellation 77 “ee ™ %500

B-

. NGC of the Year. NGC 2019 is a globular cluster in the constellation

» " -
& aw =

Mensa, observed against the background of the Large Magellanic Cloud. "'-:'f‘f; A
The cluster has a visible magnitude m=10.9™, and is located at a RN
distance of approximately L = 50 kpc from us. To the right, you can see a .-
4x4 arcmin negative picture of NGC 2019. Assume that the cluster
consists of stars similar to the Sun, more or less evenly distributed in the - et e
space of the central “sphere” region, the image of which is clearly visible in Fo :f;i;f w3 }‘:,
the center of the image against the background of the LMC. Estimate, at = -#“%4. 7.0 war
what distance from the center of the cluster an observer need to be located in order to
distinguish separately the stars visible in the projection on the center of the cluster with the

naked eye.

Mensa, observed against the background of the Large Magellanic Cloud. . ;%
The cluster has a visible magnitude m=10.9™ colour index .i ‘7 ..*
B-V =0,04™, and is located at a distance of approximately L =50 kpc
from us. To the right you can see a 4x4 arcmin negative picture of
NGC 2019. Assume that the cluster consists for the most part of
approximately the same stars located on the main sequence, as well as a e s O
small percentage of white dwarfs, and that all these stars are more or less = «# 2l *.0 "wiv ¥
evenly distributed in the space of the central “sphere” region, the image of which is clearly
visible in the center of the image against the background of the LMC. Estimate, at what distance
from the center of the cluster an observer need to be located in order to distinguish separately
the white dwarfs visible in the projection on the center of the cluster with the naked eye.

g
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-3. Sunset in Chukotka. The brown Bear-astronomer Chukchi, sitting on the shore of the Bering

3.1.

3.2.

3.3.

3.1.

3.2.

ap-4.

Strait on the easternmost point of the Eurasian continent (Cape Dezhnev, Chukotka) observes
the sunset (the last ray of the Sun). At the same time his distant relative, the Bear-astronomer
Eskimo, sitting on the other side of the Bering Strait exactly at the same latitude (the west coast
of Alaska) sees the sunrise (the first ray).

Find the approximate date of the event (+ 2 days).

Calculate, whether this moment occurs on the same date or on different dates for Chukchi Bear
and Eskimo Bear in the time of the local time zone for each of them.

Accompany the solution with art drawings of Chukchi Bear and Eskimo Bear observing these
astronomical events.

. UY Scuti. Supergiant UY Scuti is the largest (its volume is estimated as 5 billion volumes of the

Sun) and one of the fastest burning stars currently known. Herewith, the mass loss per unit time
due to radiation is only 0.04% of the total mass loss over the same time, and only 0.5% of the
light pass through its shell (that is, go to the observers).

Estimate the values of the necessary parameters and plot the position of UY Scuti on the
Hertzsprung-Russell diagram.

Estimate the remaining life time of UY Scuti.

Comet particles. Particles of characteristic cometary matter of various sizes come off a comet.
Estimate, the characteristic sizes D of the particles which are not ejected outside the Solar
System due to the solar radiation pressure.

Note: You will get more points for the solution if you first derive the algebraic formula of the answer

D=

f(a,b,c,de...) and only then get the numerical answer by inserting the numerical data

a, b, c, d, e... into this formula.

For Group a only. Note: In the middle of the time of the round you will be provided with one
additional formula.

a-5.

5.1.
5.2.
5.3.

Interstellar comet. 2I/Borisov is the first observed interstellar comet. It was discovered on
August 30 this year by the Crimean astronomer G. V. Borisov with a 65-cm telescope of his own
development. The point on celestial sphere from where the comet moved before entering the
Solar System is located near the star Ruchbah in the constellation Cassiopeia. On December 7,
the comet will pass the perihelion of its orbit at a speed of 43 km/s relative to the Sun, being
2.01 au from it.

Will it be possible to observe the star Ruchbah from Piatra Neamt tonight?
Estimate how long ago the comet 2|/Borisov passed near the star Ruchbah.

Calculate whether our Sun is visible with the naked eye from the vicinity of the Ruchbah star
(write the answer in English, “Yes” or “No”).

By the way. The comet was discovered at the observational round place of the IV and VI IAO (1999,
2001), and G. V. Borisov was a member of the Organizing Committee of these IAOs.

B-5.

a1,

5.2.

Two satellites. Two artificial satellites move around an unknown planet in circular orbits. The
satellite S1 moves in an equatorial orbit with the angular velocity w1, and the satellite S2 moves
in a polar orbit with the angular velocity w2, as shown in Fig.5. The planet rotates around its axis
with the angular velocity wo. At the initial time, the satellites are in zenith for observer O.

It is known that for observer O, the duration of the visibility (from the zenith to setting) of satellite
Sz is t2. Find the similar visibility duration t1 of satellite Sa.

Find the azimuth C of the satellite Sz setting point (the point of its “disappearance” for the
observer). Consider the South direction as the zero azimuth point (0°).
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HekoTtopbie KOHCTaHTbl M hopMynbi Some constants and formulae
CkopocTs cBeTa B BaKyyme, ¢ (W) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I"passraumonnas noctosinas, G (H-w¥kr?) 6.674- 107" Constant of gravitation, G (N-m*/kg")
Conneunas nocroauuan, A (Br/m®) 1367 Solar constant, A (W/m?)
[Napamerp XaGbna, cpeanee IHavenne 68 mean value Hubble parameter,
Ha (km/c/MITk)  ananason auasennii 50-100 ~sagpuesn 0f values  Hg (km/s/Mpc)
lNocrosunan [naiika, h (Tx-¢) 6.626. 10 'Iﬁ{fjd Plank constant, h (1-5)
3apan anexktpona, e (Kn) 1.602. 10" Charge of electron, e (C)
Macca anextpona, me (kr) G109 10 Mass of electron, m. (kg)
CootHoleHHe MACT NPOTOHA H AIEKTpOHAa 1836.15 Proton-to-glectron mass ratio
[Mocrosunan @apages, F (Ka/mons) 06 485 Faraday constant, F (C/mol)
Maruutias nocrossuan, e (Mifm) 1.257-10°® Magnetic constant. e (H/m)
Yuusepcansman razosas nocrosusas, R (Jix/mons/K) 8314 Universal gas constant, R (J/mol/K)
Nocroausas boasumana, k (LK) 1.381.10% Boltzmann constant, k (J/K)
MNoctosnnas Credana-bonsumana, o (Br/v¥K*) 5.670-10* Stefan-Boltzmann constant, & (W/m¥/K*)
Koncranra cmetenns Busa, b (m-K) 0.002897 Wien's displacement constant, b (m-K)
JaGoparopyas anuua sonue Ha (A) 6563 Laboratory wavelength of Ha (A)
NaGoparopuas anusa soans HP (A) 4861 Laboratory wavelength of Hp (A)
Hauna tponuveckoro roaa, T (evr) 365.242199 Tropical vear length, T (days)
Anuna cuaepuyeckoro roaa, T (eyT) 365.25636 Sidereal year length, T (days)
HAnuua anomanuctuseckoro roga, T (cyT) 365.259636 Anomalistic year length, T (days)
lepuon ofpamenus yinos aywuoi opGira (er) -18.6 Nodal period of lunar orbit (vears)
3aBMCHMOCTE ATMOCHEPHOTO MAKICHHA OT BLICOTH P = Poe™™™KT  Dependence of atmospheric pressure on height
Craupaprhas atmocdepa, P, (I1a) 101 325 Standard atmosphere, P, (Pa)
Beicora oasopoanol armocdeps (M) 7991 Height of homogeneous atmosphere (m)
OcnaGrietiwe pramoro ceeta ciaoem | atvocheps 19%. 0.23m Visible light extinction by the terrestrial
(MMHHMILHG) . atmosphere in zenith (minimum)
[Noxaszarear npenomnenus soaayxa (1 amm., 0°C), n 1.0002926 Refractive index of air (1 atm., 0°C), n
[Mokasarens npesoMaeHHs Bos! npu 20°C, n 1,334 Refractive index of water for 20°C, n
MoseHT HHepLMK wapa 1= %5 MR? Moment of inertia of a solid ball
MomeHT HHepiy chephi I =23 MR? Moment of inertia of sphere
O6LéM wapa V=% nR? Volume of a ball
[nowans edeput S = 4nR? Area of sphere
R 3.14159265 T
e 2. 71828183 E
JonoToe cevenue, P 1.61803399 Golden ratio, @
Pymbinuda, Murtpa-HAamu 2019
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JneMeHTbl opouT u puanyeckme xapakrepucTuku ConHua, nnaHer,
HEeKOTOPbIX KAapPNMKOBLIX NnaHeT U JlyHbl

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

LpenHee CHOEpHHECKHIA JKE- SEBaTO- Cpen- | Yo Manxc
HeGecHos PACCTORHWE OT nepuon obpalemma uaH- PHENkEH, HAA cHO bneck,
TEno, | UBHTPaNLHOMD Tena Tpck- | aWameTp | Macca | nnot- nag M. | Ank-
nnaqeTa 8 ] B 95 TeT, uumg y nng. 3'&.".‘:'"“ Geno
ac 5 AUTH. my L, [ = LY o
P KM so0ux cpymuax e - 107 ke | 2fEM wefc
Average distance 1o Sigergal Ec- Equat. Ay Grav, Max.
Body, central body {or analogous) penod | centri- | diameter Mass den- | acceler. | magn. Al
planet in g? mmm : city sity | at su;!_ érr:m beda
asir. . 1]
units km yeflm days e - 10 kg | glem” | s 1
guﬂﬂ"ue 1,65.10° | 2,510 | 2310 8,4-10" 1392000 | 1989000 | 1,409 26,8
n
Mepiypui 0 5,43 aro | -22» | o008
Mercvi 0,387 57,9 0,241 B7.969 | D 206 4 879 3302
ﬁg‘r‘:ﬁg“ 0.723 108.2 0,615 | 224701 | 0.007 12104 | 4,8600| 524 8a7 | 4™ | 0,78
g‘gﬁ{f‘ 1,000 | 1496 1000 | 3es2s6 | 0,017 | 12756 | s59742| 5515 9,81 0.36
fm 0,00257 | 0,38440 0,0748 27.3217 | 0,055 a475 0,0735| 3,34 1,62 | -127/™ | 007
mzf__f 1524 | 2278 1,880 | 686,980 | 0,093 6794 | 05419| 394 amn | -20m| 01s
w 277 414 4,60 1 681 0,077 963 | 0,0009| 2,16 027 67" | 0,09
"Pup";f;fﬁ 5204 | 7786 | 11,862 | 433259 | 0,048 | 142984 | 18998 | 133 | 2486 | -27™ | 066
gam" o584 | 14337 20458 | 1075920 | 0.054 | 120536 | 56850 | 0,70 10,41 0.7m™ | 0,68
gfg:'m 19,191 | 2871.0 B4.015 | 3068593 | 0,046 51118 | 86625 | 1,30 B.44 55m | 0,74
m 30071 | 44986 | 164,778 | 60 187,64 | 0,008 49532 | 102,78 | 1.76 11,20 7.8 | 0,58
(F]
gfg"-"“ 30482 | 59064 | 248,09 90613 | 0,249 2a74 | o0,0130| 186 061 | 151 | 08
o
**) [inA BHewsny mnaseT ¥ Myis — B cpeaHem NpoTHBOCTORHWK
**} For outer planets and Moon — in mean opposition.
O site point in Alaska
Coordinates Piatra Neamt Cape Dezhnev pl::nrr RO o
; WBONONOXHARA
KoopauHatsi NeaTpa-Hamu Mbic JexHéBa S Arcis
A(E/BA.) +26° 22' -169° 39 —166° 40"
@ (N/cu.) +46° 56 +66° 05" +66° 05"
Altitude above sea level 345 M Om 0w
BeicoTa Hag ypoBHEM MOpA
Local timezone
+03 UT+12 uT-09
MecTHRIR YacoBOoN NOAC Ut
Romania Russia USA
2019 Piatra Neamti, Romania
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Hertzsprung-Russell diagram =
TEMIMEPATYPA 3BE3[bl, K STELLAR TEMPERATURE, K
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Puc. k 3apaue 5. Fig. for problem 5.
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16 cambix sApkux 3Bé3n HebBa W HekoTOpble Apyrue 3BE3abl

16 brightest stars in the sky and some other stars

e - p MmN e
Connue Sun 0 Oh-24"  .23°06'-+23°26' &7.704 0 -26™.74 1 Ma
Cupuyc Sirius a CMa 06" a5™ 0o -167 42 58° 0".are -5.5 Km/s =17 456 3.1 Mg
Tonumas {H;"'ﬁ:';’(‘“;“ aCen g 14"39736°  60°S0°07° 07747  -216kms  jegs  ooam
Kanonyc Canopus aCar 06" 23m 57 527 41' 45" o".01 +20,7 kmvs 0™ 74 10 Mo
ApPKTYD Arcturus aBoo 14" 15™40° 19° 10’ 56° 0".089 =5.2 km/s 0m05*  1.1Ma
Bera Vega aLyr 18" 36™ 56* 38° 47 01" 0".130 ~20,6 km/s 0™03* 2.14Meo
Kanenna Capeila aAur 05" 16m41e 45° 59 53" 0".078 +30.1 km/s 0m08 61Me
Purens Rigel B On 05k 14™ 32 08" 12 06" 07.004 +20,7 km/s om12* 21Me
Mpowwow  Procyon aCMi & O7"39™18*  05°1330°  0°286  —4.1kmis Pl o
Axeprap Achemar a Eri 01® 37™ 43° 57" 14" 12 0".023 +16,0 km/s 045 B7Mo
Betensreise Betelgeuse o Ori 05h 55™ 10% 07 24' 25° 07,005 +22,0 kmis om5"  11.6Me
Xagap Hadar fCen  14"03™ 40" -60° 22 23" 0”.008 +5,9 km/'s gm61*  26.6Me
AnbTaup Altair @ Agl 19h 5Om 47 08® 52' 06" 07,195 -26,1 kmi/'s o™ 77 1.7 Ma
AxpyKe: Acrux aCry 12" 26™ 36 -63° 05' 57 0".010 +1.8 kmis o™77  39Me
AnepeGapan  Aldebaran  aTau 04" 3555 16°30°'33°  07.050 +56.3 la/'s Om85* 25Me
AnTapec Antares a Sco 16" 20™ 24¢ -26° 25' 55° 0”024 =3.4 km/s o8 12.4Mo
Cruxa Spica aVir  19'50m47*  08°5206" 07013 10 lamds Om98*  18.6Me
NonnApHan Polaris a UMi 02" 31™ 49¢ 85° 15'51° 0”007 ~17 kmv's 197" B4Me
Xamans Hamal a Ari o2* 07™ 10 23° 27 45° 07,050 =14.2 km/'s 2m00* 1.8Meo
Koxab Kochab BUMI 14" 50m 420 74° 09 20" 0°.025 +17.0 kmve 208 2.2Meo
Haoc Naos T Pup 08" 03™ 35* -40° 00' 12° 0" 003 —24 km/s 2m21  40Me
Pybax  Huchbah  BCas  01"25"49*  60°14'07° 070328 =87 ke 2m68  2.49Me
UYlura UYSculi UYSct 18"27m37*  -12°27°59°  oooos4  +18.3kms g™ 1 8 Mo
Tporcuma m ”:“mcag 14h20m43% 62" 40'46° 07769  —21.7kmis 1106  0.123Mo
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