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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 nHeBo3moz: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. Transit of Venus. Recently, on June 6, 2012, an infrequent astronomical phenomenon, transit of
Venus across the solar disc, took place. The next transit of Venus will take place only in 2117.
Calculate the date of that transit. (Answer without calculations will not be considered even as a partial
solution.)

2. Transit of Pseudovenus. Recently, on June 6, 2012, an infrequent astronomical phenomenon, transit
of Venus across the solar disc took place. Suppose somebody did not understand the phenomenon and
ascribed it not to transit of real Venus but of some moon, which we name Pseudovenus, rotating
around the Earth in a circular orbit. Find the radius of the orbit of Pseudovenus and diameter of this
sky body. Effects due to axial rotating of the Earth should not be taken into account.

3. OIld persons’ star. There is ancient legend in Korea that says, if you managed to see the “Old
persons’ star” thrice, you are lucky person and will live a long life. The “Old persons’ star”, now
known as Canopus, was seen brighter and better in past times, but even now sometimes one can see
this star in Korea. Estimate approximately what visible stellar magnitude Canopus may have when
observing it from the southern coast of Jeju island (Korea) in the most favorable conditions. The
territory of the island is located at latitudes between 33°12' N and 33°34' N and longitudes between
126°09' E and 126°57' E. Take from the tables and recollect for yourself the necessary additional
information.

4. Stars on Mars. As you know, last year the Polar Bear (whom you have already met in the texts of
many International Astronomy Olympiads) arrived to Mars for astronomical observations. Nowadays
his friend Penguin also made a fascinating journey to Mars. At the same instant of time, the Bear and
the Penguin observe stars in zenith and see Canopus and Sirius respectively. Estimate roughly, what is
the distance (measured on the Martian surface) between the animals? At what height above the
horizon does the Bear observe Sirius? The solution has to include a picture with an image of the Bear
and the Penguin on Mars. Necessary sizes or angular sizes should be in the picture. Recollect for
yourself the necessary information about the Polar Bear and Penguin.

5. Venus and Earth. At what maximum distance from the Venus ecliptic the Earth can be visible in the
sky from Venus (actually, from a point outside the Venus atmosphere)? Orbits of the planets may be
considered circular.

6. Parallaxes. In our part of the Galaxy the mean distance between the stars is about 6 light years.
Assume that an interferometer can measure parallaxes with an error of +0.001 arc second. How many
stars of our Galaxy could have their parallax determined by this interferometer?
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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 «JIa-Yes» or «Her-No» have to be written in English or Russian.

1. Transit of Venus. Recently, on June 6, 2012, an infrequent astronomical phenomenon, transit of
Venus across the solar disc, took place. The next transit of Venus will take place only in 2117.
Calculate the date of that transit. (Answer without calculations will not be considered even as a
partial solution.)

2. Transit of Pseudovenus. Recently, on June 6, 2012, an infrequent astronomical phenomenon,
transit of Venus across the solar disc took place. Suppose somebody did not understand the
phenomenon and ascribed it not to transit of real Venus but of some moon, which we name
Pseudovenus, rotating around the Earth in a circular orbit. Find the radius of the orbit of
Pseudovenus and diameter of this sky body. Effects due to axial rotating of the Earth should not be
taken into account.

3. Old persons’ star. There is ancient legend in Korea that says, if you managed to see the “Old
persons’ star” thrice, you are lucky person and will live a long life. The “Old persons’ star”, now
known as Canopus, was seen brighter and better in past times, but even now sometimes one can
see this star in Korea. Estimate approximately what visible stellar magnitude Canopus may have
when observing it from the southern coast of Jeju island (Korea) in the most favorable conditions.
The territory of the island is located at latitudes between 33°12' N and 33°34' N and longitudes
between 126°09' E and 126°57' E. Take from the tables and recollect for yourself the necessary
additional information.

4. Altair. Estimate the density of the star Altair.

5. Venus and Earth. At what maximum distance from the Venus ecliptic the Earth can be visible at
the sky from Venus (actually, from a point outside the Venus atmosphere)? Orbits of the planets
may be considered circular.

Estimate the stellar magnitude of the Earth in this situation.

6. Remote galaxy. Astronomers have discovered a distant galaxy that in the Earth's sky, at the first
glance looks like € Eridani, the same in colour, but 1000 times less in intensity. It appears,
however, that this galaxy is composed only of stars similar to the Sun in physical characteristics.
Find the number of stars in the galaxy.
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JJIeMeHTBbI OpOHUT.
Pu3nyecKue XapaKTEePUCTHKHM HEKOTOpPbIX muaHeT, JIynbl, CoaHna u Jpuasl

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

Cpennee CupneprdecKuii Ha- | Oxc- | DxBaro- Cpen- | Yckop. Makc.
Hebecnoe paccTosiHue OT (vu aHAOTHYHBIN) | KIOH | TleH- | puanbH. | Macca | Has | cBoO. Ha- | Gueck,
TCJIO0, ICHTPAJIBHOI'O TCJIa | ICPHUO/ O6paH.ICHI/IH Op61/1— TpUCH- | TUAMETD 10T~ nan. KJIOH BU. C Anb-
IIJ1aHETa B B B B ThI, TCT, HOCTb | Yy IOB. ocHu 3GMJ)'II/I 66,[[0
acmp. MJAH. | TPOIIMY. | CPEITHMX . 24 **
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 . k 24 Eart
units | 10%km | vears days I e m 10" kg g/cm3 m/s? **)
C
Sgnme 1,6:10° | 2,5:101 | 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
3emuis
Earth 1,000 149,6 | 1,000 | 365,2564 | 0,00 | 0,017 | 12756 | 5,9742| 5,515| 9,81 | 23,44 0,36
JI
Myo%an 0,00257 | 0,38440 | 0,0748 | 27,3217 | 5,15 | 0,0565| 3475 0,0735| 3,34 1,62 6,7 | -12,7" | 0,07
Mapc m
Mars 1,524 2279 | 1,880 686,98 | 1,850,093 | 6794 | 0,6419| 3,94 3,71 | 2519 | -2,0m| 0,15
10
Jupiter 5204 | 7786 | 11,862 | 433259 | 1,30 | 0,048 [142 984 | 18998 | 1,33 | 2486 | 313 | -2,7™| 0,66
Carypu m
Saturn 9,584 | 1433,7 | 29,458 (10 759,20 | 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

**) Jlnst JIyHBI — B CpeIHEM MTPOTHBOCTOSHHH.
**) For Moon — in mean opposition.
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Hexoropblie kKOHCTaHTBI U (GOpPMYJIbI

Some constants and formulae

CKOpOCTb CBETa B BakyyMme, C (M/¢) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I'paBuranuonnas nocrosuuas, G (H-m/kr?) 6.674-10™ Constant of gravitation, G (N-m%/kg?)
Conueunas noctosuHas, A (Bt/m?) 1367 Solar constant, A (W/m?)
[MTapameTp Xab6a, CpeliHee 3HaYCHUE 71 mean value Hubble parameter,
Ho (km/c/MIIk) JMATa30H 3HAUYCHUH 50-100 diapason of values  Hy (km/s/Mpc)
[ocrosunas ITnanka, h (Jix-c) 6.626-10™ Plank constant, h (J-s)
Bapsi snexTpona, e (Ki) 1.602-10™ Charge of electron, e (C)
Macca 31eKTpoHa, M, (Kr) 9.109-10™* Mass of electron, m, (kg)
CoOTHOIIIEHHE Macc MPOTOHA U IEKTPOHA 1836.15 Proton-to-electron ratio
IMocrosiuuas ®@apanes, F (Kia/monb) 96 485 Faraday constant, F (C/mol)
MarnuTHas noctosiHHas, o (I'H/M) 1.257-10° Magnetic constant, o (H/m)
VYHuBepcasbHas ra3oBas noctosanast, R (x/mons/K) 8.314 Universal gas constant, R (J/mol/K)
IMocrosinnas bonbivana, k (Jx/K) 1.381-10% Boltzmann constant, k (J/K)
[ocrostanas Credana-Bonsimana, o (Br/m/K*) 5.670-10° Stefan-Boltzmann constant, o (W/m%K*)
KoncranTa cmerienus Buna, b (M-K) 0.002897 Wien’s displacement constant, b (m-K)
Jla6opatopHras mmuHa BosHbl Ha (A) 6562.81 Laboratory wavelength of Ha (A)
JlnnHa Tpornmyeckoro roaa, T (cyr) 365.242199 Tropical year length, T (days)
CranpmaprtHas atmocgepa (ITa) 101 325 Standard atmosphere (Pa)
OcnabiieHre BUIMMOTO CBETa 3eMHOI aTMochepoit m  Visible light extinction by the terrestrial
B 3¢HUTE (MUHUMAIIBHO) 19%, 0.23 atmosphere in zenith (minimum)
ITokasarens npenomienus Bobl mpu 20°C, n 1.334 Refractive index of water for 20°C, n
MOMEHT HHEPIIUH [1apa | = /5 MR? Moment of inertia of a solid ball
ITnomans cheps S = 47R? Area of sphere
T 3.14159265 T
e 2.71828183 e
3o0510TOE CEUeHHE, (P 1.61803399 Golden ratio, @
Kopesi, KBanmky 2012 Gwangju, Korea
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/laHHBIC 0 HEKOTOPBIX 3BE31aX
Data of some stars
Macca
RA DEC p m sc Macc
Connne Sun o) ok — 24k -23°26' +23°26' 8".794 -26™.74 G2 1 Mg
AnbpneGapan  Aldebaran o Tau 04" 35" 55° 16° 30' 33" 0".048 0™.85Y K5 2.5Mg
AnbTanp Altair o Agl 19" 50™ 47° 08° 52' 06" 0".195 0™.77 AT 1.7 Mg
Anrapec Antares aSco 16" 29™ 24°  -26° 25' 55"  0".006  0™.96 MI+B4 22.4 Mg
ApKTYp Arcturus aBoo 14" 15™ 40° 19° 10' 57" 0".089 -0™.04V Kl 1.1 Mg
AxepHap Achernar a. Eri 01" 37™ 43%  -57° 14' 12" 0".026  (0™.46 B3
3B.bapnapna Barnard’s star Oph 17® 57™ 48% 04° 41' 36" 0".545 o™.54 M4
Berenbreiize  Betelgeuse o Ori 05" 55™ 10° 07° 24" 25" 0".005 o™.5Y M1
Bera Vega a Lyr 18" 36™ 56° 38° 47' 01" 0".129  0™.03 A0
cHEO Deneb aC 20" 41™ 26° 45° 16' 49"  0".002 1™.25 A2
Y9
Kanormyc Canopus a Car 06" 23™ 575  -52° 41' 45" 0".010 -0™.72  FO
Karema Capella a Aur 05" 16™ 41° 45° 59' 53"  0".073 0™.08 G5+GO
TonspHas Polaris aUMi  02P 31™ 49° 89° 15' 51" 0".0076 1™.97V  F7
TTpoiwon Procyon aCMi 07" 39" 18° 05° 13' 30" 0".288 o™.38  F5
Purenb Rigel B Ori 05" 14™ 325  -08° 12' 06" 0".013 o™.12 B8
Cupuyc Sirius aCMa 06" 45" 09°  -16° 42' 58" 0".375 -1™.46 Al
Crka Spica a Vir 13" 25® 125 -11° 09' 41" 0".023 o™.98 Bl
Aunbda Alpha h o -0™. 01 G2
. n 14® 39" 36  -60° 50' 07" 0".751 2.0M
Ilenraspa Centauri a Ce 1™.33 K1 o
bera Beta BCen 14" 03" 49°  -60° 22' 23" 0".009  0o™.61 Bl 21 M
LlenTtaBpa Centauri
Jnenon Ep_3|lor) € Eri 03" 32™ 56° -09° 27" 30" o".311 3™.74 K2 0.82 Mg
Opunana Eridani
Kopesi, KBanmaky 2012 Gwangju, Korea
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JMuarpamma I'epummnpynra-Paccena Hertzsprung-Russell diagram
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Practical round. Problem 7 to solve

Note. If you find somewhere in the problems an impossible situation, write in English «impossible situationy.

7. Fireball. A fireball was observed from three different observing sites I, 11, I1l. The position of the
observing sites, the altitude and azimuth of start and end points of the fireball’s trajectory are
given in Table 1. Azimuth is measured eastward from the North direction, and altitude measured
above the horizon, and both the angular measurements are in degrees. Following the steps below,
find true trajectory and location on the surface of Earth of fallen debris of the fireball (meteorite).

Table 1. Observational Data for a Fireball

observing position starting point (A) end point (B)
longitude | latitude azimuth altitude azimuth altitude
| 127.3°E +35.7° 17° 35° 77° 10°
1 128.5°E +37.0° 235° - 139° -
11| 128.5°E +35.4° 325° - 48° -
7.1. You are provided by a scaled marked graph paper. Mark the 3 observing positions (I, 11, I1I)

and draw a projected trajectory of the fireball as seen on the surface of Earth.

7.2. Calculate the longitude and latitude of start (Aa, @a) and end (Ag, @g) points of the fireball
and total length L of the trajectory projected on the earth surface.

7.3. Find the heights of starting point ha and end point hg. of the fireball’s trajectory above the

surface of Earth.
7.4. Where can you find a meteorite, if it survives passage through the atmosphere and hits the

ground? Calculate the longitude and latitude (Ac, @c) of the location of the meteorite on the
surface of Earth’s.

Finally, redraw the table below to your answer-book and fill the empty cells with you results.

. | longitude | latitude L ha hg You may find the meteorite at
point . :
A ® (km) (km) (km) longitude A latitude o
A
B
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Practical round. Problem 8 to solve

Note. If you find somewhere in the problems an impossible situation, write in English «impossible situationy.

8. Moon. The Korean Astronomy and Space Science Institute (KASI) publishes the Korean
Astronomical Almanac every year. You have been provided with an astronomical table extracted
from the Korean Astronomical Almanac of 2012 showing the Korean local time of Moon
culmination. (See separate sheet, and you may fill the empty cells by necessary content.)

Date | Culmination Date | Culmination Date | Culmination
of Moon of Moon of Moon
Mar 2 April 1 May 1

Also you are provided with a scaled marked graph paper to plot graphs.

8.1. Find the date in April 2012 when the Moon is closest to the Earth.

8.2. Find the date in March 2012 when the Moon is remotest from the Earth.

8.3. The scaled marked graph paper (a) shows the eccentric orbit of the Moon, the Earth being
located at the center. Mark the positions of the Moon by the symbol % on April 19 and April 23
(with labels A19 and A23).

8.4. Calculate the ratio of the apparent angular sizes of the Moon (auen) and the Sun (asy,) on
July 1.

8.5. Draw on the scaled marked graph paper the geostationary orbit around the Earth in the given
scale.
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Practical round. Problem 8 to solve

Note. If you find somewhere in the problems an impossible situation, write in English «impossible situationy.

8. Clusters. Using the moving cluster method, the Hyades cluster is known to be 45 pc away. This
open cluster is important as a standard candle, because we can use it to determine the distances of
other clusters. However, the interstellar medium absorbs light making a star appear fainter and
redder, which is called the interstellar extinction Ay and reddening E.y), both measured in stellar
magnitudes. The true distance modulus can be computed using the relation

m—-M=5logd -5+ Ay.
The empirical relation between Ay and Eg.y) is
AV = 3'E(B-V)-

In Tables I and Il, you are provided with photometric data of the stars of the two open clusters,
Hyades and NGC 2682.

8.1. Make the colour-magnitude diagrams of the Hyades cluster and NGC 2682 using the
provided scaled marked graph paper (A). In the diagrams, draw the main sequence line of each
cluster.

8.2. Plot the colour-colour diagrams of the Hyades cluster and NGC 2682 using the provided
scaled marked graph paper (B).

8.3. Assuming that the interstellar reddening of Hyades cluster is negligible, derive the interstellar
reddening, Eg.v) of NGC 2682.

8.4. Determine the distance to NGC 2682.

8.5. Find the absolute magnitude and colour index (B-V) of the main sequence turn-off star in
each cluster, approximately.

8.6. Which cluster is older? (Write in English «Hyades» or «<NGC 2682».)

Kopesi, KBanaxky 2012 Gwangju, Korea



ACTPOHOMMWYECKOE ’ EURO-ASIAN Round Prac
OBLUECTBO e ' ASTRONOMICAL SOCIETY
Group o
XVIl Mexnynapoanasi acTpOHOMHYECKasi OJIMMIHAANA
. . fI3BIK ~
XVII International Astronomy Olympiad language Pycckuu
fI3BIK -
Kopesi, KBanmky 16 - 24. X. 2012 Gwangju, Korea Ianguage E n g I IS h

IIpakTu4eckuii Typ.
Tabdauna k 3agaye 8

Practical round.
Table for Problem 8

Kynemunanus Kynemunanus Kynemunanus
Jlara g JIyHb1 Jlara ’ Jlynb1 Jlara ’ Jlynb1
Culmination Culmination Culmination
Date of Moon Date of Moon Date of Moon
Mar 2 19 40 April 1 2002 May 1 20 20
3 2031 2 2052 2 2110
4 2122 3 2142 3 2202
5 22 14 4 22 33 4 22 57
6 23 05 5 2325 5 23 56
7 23 56 6 - 6 -
8 - 7 019 7 057
9 048 8 116 8 201
10 141 9 216 9 303
11 2 36 10 317 10 404
12 332 11 419 11 500
13 431 12 519 12 552
14 530 13 6 15 13 640
15 6 29 14 708 14 726
16 726 15 757 15 809
17 820 16 843 16 852
18 911 17 928 17 935
19 959 18 10 10 18 1018
20 10 45 19 1053 19 11 02
21 11 29 20 11 36 20 1148
22 12 12 21 12 19 21 12 36
23 12 55 22 1304 22 1324
24 13 38 23 1351 23 1414
25 14 22 24 14 39 24 1503
26 1508 25 1527 25 1552
27 1554 26 16 17 26 16 40
28 16 43 27 17 06 27 17 27
29 17 32 28 1755 28 1814
30 18 22 29 1843 29 19 02
31 1912 30 1931 30 1951

Kopesi, KBanmxy

2012

Gwangju,

Korea




ACTPOHOMWYECKOE ﬁ EURO-ASIAN Round | Prac
OBLLECTBO 4 ASTRONOMICAL SOCIETY

Group B

XVIl Mexnynapoanasi acTpOHOMHYECKasi OJIMMIHAANA
XVII International Astronomy Olympiad |aﬁ;'::ge Pycckuu

fI3BIK -
Kopesi, KBanmky 16 - 24. X. 2012 Gwangju, Korea Ianguage Eng I ISh

IIpakTnyecknii Typ. Practical round.
Taoauubl K 3axaue 8 Tables for Problem 8

Taoauna 1. Jlannble o 'magax
Table 1. Hyades data

my (B-V) (U-B) my (B-V) (U-B)
7.78 +0.62 +0.16 6.62 +0.42 -0.01
7.14 +0.51 +0.05 5.65 +0.28 +0.08
8.46 +0.72 +0.31 3.61 +0.99 +0.84
7.47 +0.57 +0.08 4.80 +0.16 +0.12
4.22 +0.14 +0.12 3.85 +0.96 +0.74
6.02 +0.34 +0.04 4.27 +0.12 +0.11
5.13 +0.21 +0.12 9.05 +0.84 +0.53
9.99 +1.06 +0.95 8.06 +0.64 +0.17

Taboauna 2. Jlanabie 0 NGC 2682
Table 2. NGC 2682 data

my (B-V) U-B my (B-V) (U-B)
12.80 +0.79 +0.27 13.66 +0.55 +0.03
12.67 +0.68 +0.19 12.55 +0.41 +0.03
12.93 +0.93 +0.59 14.00 +0.61 +0.11
15.64 +0.89 +0.53 16.38 +1.00 +0.70
15.19 +0.80 +0.30 14.96 +0.76 +0.28
17.33 +1.19 +0.97 14.23 +0.64 +0.12
12.16 +1.02 +0.81 13.14 +0.45 +0.01
12.22 +0.42 +0.03 13.25 +0.52 +0.01
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Pycckuii

English

B Bamewm pacnopskeHnH (pOHAPHK

You are provided with a light

9. TlokaxuTte SK3aMEHATOPY HAIIPABIICHUC
Ha CJIEAYIONINE OOBEKTHI.

9.1. Tlonspuyro 3Be31y,
9.2. DxiunTuky (MpoBeaAUTE PYKOH BIAOIH
JIMHUHU DKJIATITUAKH ).
10. Pacmonoxute NGC 869 u NGC 884 B
M0JIe 3PEHUS TEeJIeCKOMa.
[Tocne HaxoxkaeHNsT O0BEKTOB MOKAKUTE
UX SK3aMEHaATopYy.
10.2. Ouenurte 4acOBOM yroi 3TUX
00BEeKTOB (¢ TOUHOCTHIO = 10 rpaycoB).

9. Point the direction of the following objects
(show it to examiner):

9.1. the Polaris,
9.2. the Ecliptic (draw the line following the
ecliptic).

10. Place NGC 869 and NGC 884 in the field
of view of the telescope.
After identifying the objects, show them to
the examiner.
10.2. Estimate the current hour angle of
them (to + 10 degree accuracy).

OtBer B rpagycax:

Answer in degrees:

11.

12.

Pacnionoxure M15 B none 3penus 11. Place M15 in the field of view of the
teneckomna. Kapra npunaraercs. telescope. The finding chart is given.
[Tocne HaxoxkaeHUsT 00BEKTa TOKAKHUTE After identifying the object, show it to the
€ro IK3aMEHATOpY. examiner.
[Tpubnu3uTenHEHO OIEHUTE 3€HUTHOE 12. Estimate the approximate zenith distance
accrosinue Mepkypus. of Mercury.
Otger: Answer:

MakcumanbHO€E BpeMs BBIIIOJIHEHUS
3amaHus — 17 MUHYT.

The maximum total time for all tasks
is 17 minutes.
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ap-1.

Theoretical round. Sketches for solutions

Note for jury and team leaders. The proposed sketches are not full; the team leaders have to give more detailed
explanations to students. But the correct solutions in the students’ papers (enough for 8 pts) may be shorter.

Transit of Venus. Any transit of Venus may occur only in configuration of inferior conjunction of Venus.
To calculate next inferior conjunctions we need first to find the synodic period Ts of Venus:

1/Ts = 1/TV — 1/TE,
where Ty and Tg are the sidereal periods of Venus and Earth respectively,
Ts=Te Tv/ (Te - Ty) = 583.92°.

January 1, 2117 will be in 105-365 + (26-1) — (5+31+30+31+28+31) = 38194 days after June 6, 2012,
December 31, 2017, respectively, will be in 38194+364 = 38558 days after that date.

38194 /583.92 = 65.41.
38558 /583.92 = 66.03.

It means that the close approach of Venus in 2117 will be after 66 synodic periods of Venus.
66 x 583.92 = 38538.7.

38538 days are 20 days earlier than the date 38558 that we calculated for December 31, 2117. Thus, 38538
days after June 6, 2012 corresponds to December 11, 2117.
Answer: The next transit of Venus will take place on December 11, 2117.

. Transit of Pseudovenus. Visible motion of Venus depends on the synodic motion of the planet. During

the Venus transit we see just synodic velocity of Venus. The synodic angular speed of Venus is:
o = Oy — OF,

where oy and o are angular sidereal velocities of Venus and Earth respectively. If Ry and Rg are the radii
of the orbits, the velocity of Venus in this system is,

V = 'Ry = (ov — ©g) Ry,
and its visible angular speed on the Earth’s sky,
u=V/ (RE — Rv) = ((,va (DE)'va (RE — Rv)

But the synodic motion of the Pseudovenus has the direction opposite to that of planet’s rotation around
the Sun. So the relation between the synodic u and sidereal wp angular velocities of Pseudovenus will be
Uu=op+ o

(opposite to formula u = wp — we for the same direction). So

Op = U — O,
Op — ((,OV — O)E)'va (RE — Rv) — E,
0p = (Dv'va (RE— Rv) — (DE‘(va (RE— Rv) + 1) = (,Ov'va(RE - Rv) - (,OE'RE / (RE - Rv) =
= ((,Ov'RV — (DE‘RE) / (RE — Rv) = Zn’(vaTV — RE/TE) / (RE — Rv)

For a body rotating around the Earth (mass M) in a circular orbit we may write,



o’R = GM/R?,
R® = GMg/o?,
Rp = [GMe(Re — Rv)? / 47 (RvITy — Re/Te) ™.

Calculations give us,
Rp = 2.92:10° m = 2.92 min.km (approx. 7.60 radii of lunar orbit).

There is also an other way to get the result after we have wp. It is to compare the motion of Pseudovenus
with the motion of Moon. Since according to 111 Kepler law, T is proportional to R¥?, o is proportional to
R-3/2’

((Dp/(DM) = (Rp/Rm)-s/z,
Rp = R|\/|‘((D|\/|/(Dp)2/3,
Rp = RM'(2TE/T|\/|COP)2/3.

And calculations give us,
Rp = 7.62 Ry = 2.93 min.km.

Note for jury. Additional point may be given for the students who note that this distance is out of the Hill sphere for the
Earth and so this situation is impossible.

We may find the size (diameter) of Pseudovenus using this distance Rp and the angular size of the object
that is equal to:
o= rvl(RE — Rv),

where ry is the diameter of the real Venus.
e =a'Rp= rv’Rp/(RE — Rv)

Calculations give us,
rp = 8.55-10° m ~ 850 km (approx. 0.25 diameters of the Moon).

. Old persons’ star. Canopus is a star of the southern sky; if it is visible in Korea, it should be close to the

horizon. Absorption and scattering of light play an important role under such conditions of observations.
Therefore, the most favorable conditions for the observation are at the southern point of the island Jeju,
and Canopus is at upper culmination. The latitude of this point is the smallest of the given range, i.e.
33°12' N. At this latitude Canopus culminates at the altitude

h=90°—¢ +6=90°—-33°12" + -52°42"' = 4°06'.

Atmospheric absorption and scattering are significant for observations at such a low altitude. The depth of
atmosphere which a beam of light from the star passes is 1/sinh times larger than the depth that the light
from a star located in zenith passes. 1/sin 4°06' ~ 14. (Otherwise, one may use the formal formula using
the zenith angle 1/cos z = 1/cos 85°54' ~ 14.) It is known that under the most favorable conditions, the
loss of light when it passes one atmosphere (due to absorption and scattering) is about 20% (or 19% as it is
written in the supplement table), or (in magnitudes) 0™.23. Since the magnitudes of stars in the table
(mg =-0M.72 for Canopus) are given with the zenith absorption and scattering (+0™.23 to the magnitude
visible from space), the additional absorption of light at a height of 4°06 'will be (1/tan 4°06'— 1) ~ 13
times more than in zenith. Thus,

Am =023 (1/sin 4°06' - 1) ~3™.0.
m;=mog+Am=-0"72+3"0~2"3.

Note for jury. This problem is to estimate. So the exact values are not too important, especially knowledge the exact
value of 20% (15% — 30% may be reasonable), or (in magnitudes) 0™.23 (0™.15 — 0™.4 may be reasonable). And the
reasonable answers are from 1.5 to 4™.

o-4. Stars on Mars. As we may see from the “Data of some stars”, Canopus and Sirius have almost the same

RA (Earth based coordinates) while the difference in DEC is significant. It means that the distance
between these stars in the Earth sky is approximately equal to the difference in DEC,

B =81 8 = (-16°42'58") — (-52°41'45") ~ 35°59" ~ 36°.



B-4.

o-b.

B-5.

After moving the observer to Mars, this angle will not change, although the coordinates in the Martian sky
will be different. It means, the distance measured, by along Martian surface, between the points where
Canopus and Sirius are in zenith is:

B(rad)xR = B(°)xnR/180 ~ 2130 km.

where R = 3397 km is the radius of Mars.
If the Bear sees Canopus in zenith, the zenith angle of Sirius will be =~ 36°, and its height above
horizon
h =90° - B ~ 90° — 36° = 54",

Answers: ~2300 km, 54°.

Altair. All necessary data may be taken from tables and the Hertzsprung-Russell diagram.
Distance to Altair is
Da=1pc/p=206265a.u./0.195 ~ 1 060 000 a.u.

Our Sun being moved to this distance will have the magnitude
my =-26".74 + 5™ g 1 060 000 ~ -26™.74 + 30™.12 ~ 3".38.
So the difference in absolute stellar magnitudes of Sun and Altair is:
Am=3"38-0M77=2"61.
Thus, the ratio of luminosities of Altair L and the Sun Ly is
La/Lo=100%%" ~ 11.1.

The luminosity of a star L is proportional to its surface area and the fourth power of surface temperature,
i.e. L~ R?T*. Density of a star is equal to its mass divided by its volume, i.e. it is proportional to M/R®.
Thus, p ~ MT®/L*2. Temperatures of Altair and Sun may be found using the Hertzsprung-Russell diagram
from their spectral types, A7 and G2, 8100 K and 5800 K respectively. So by comparing the densities of
Altair and Sun (see table, po ~ 1410 kg/m®), we may find that the density of Altair is

Pp = po'(Ma/Mo)-(Ta/To)® (Lo/La)¥? ~ 480 kg/m®,

Venus and Earth. The maximum space distance from the Earth to the Venus ecliptic is (see figure)

H=Rpy xsini,

where Ry is radius of the Earth orbit (1 AU), and i
is the orbital inclination of the terrestrial orbit to

B Il the plane of Venus ecliptic, which is evidently
e il equal to the orbital inclination of the Venus orbit
ka 0.723AU to the plane of the Earth’s ecliptic, i.e. 3.4°.

H =1 AU x sin 3.4° = 0.0593 AU,

In the Venetian sky, the Earth in such position can be visible at the maximum distance at the configuration
of opposition, when the distance between Venus and Earth is minimal and equals to

L=Ro—-Rv=1AU-0.723 AU =0.277 AU

(all angles are small and we do not take into account the inclination in these calculations). The maximal
distance in the sky (angle B) may be found from the equation

H =L x tan 8,
tgB=H/L=0.0593 AU/0.277 AU = 0,214,
B=12,1°.

Venus and Earth. First part of the solution, see solution of problem a-5.
To estimate stellar magnitude of the Earth visible from vicinities of Venus in opposition we may

compare it with Mars visible from the Earth in opposition (below o is albedo, D are diameters of the
bodies and R are distances, indices E, V, M and S correspond to Earth, Venus, Mars and Sun).

The flux to VVenus from Earth Fv ~ og'De? (1/Rv.e)* (1/Rse)>.



o-6.

The flux to Earth from Mars Fum ~ 0m' D (U/Re-m)* (1/Rsm)?.

The ratio of fluxes Fe/Fm = (0te/olm) (De?/Div?) (Re-mRs.m)?/(Rv-g-Rs.e)’.
Taking the necessary values from the table of Solar system, we may calculate:

Fe/Fm = (0.36/0.15)-(12756/6794)%(0.524-1.524)%/(0.277-1)%.
FE/FM ~ 70,

So the Earth visible from vicinities of Venus at opposition is brighter than Mars visible from Earth at
opposition, and the difference in stellar magnitudes is equal

Am = 2™ 5-1g(Fe/Fy) ~—4™.6.

Stellar magnitude of the Earth
m=-2"0+Am~-6".6.

Of course it is not the only possible correct way for solution.

Parallaxes. 6 light years is equal to (6/3.26) pc ~ 1.84 pc.

A parallax of 0.001" corresponds to a distance of 1000 pc.

So the interferometer cannot measure the parallaxes of the stars that are more distant than 1000 pc with
any reasonable accuracy.

If we had a uniform distribution of stars in space, the volume of space with these stars could be considered
a sphere with radius of 1000 pc. For the number of stars one would write:

N = 4r/3 (1000 pc / 1.84 pc)® =~ 6.7-10°.

or, with reasonable accuracy to one significant digit, 7-10° stars, i.e. seven hundred million stars.
However, the stars of our Galaxy are distributed not evenly in all directions. In our part of the Galaxy the
thickness of the Galaxy is less than 1000 pc, but is only about 400 pc. Therefore, the volume of space with
these stars could be considered a cylinder with a radius of 1000 pc and a height of 400 pc. The number of
stars in this volume:

N = 7 (1000 pc / 1.84 pc)?(400 pc / 1,84 pc) = 2-10®

or two hundred million stars.

Note for jury. This problem is to estimate. So the exact values are not too important, especially knowledge of the exact
value of the thickness of Galaxy. In this point the most important is simple understanding that this effect should be
taken into account, and reasonable order of value of the thickness of Galaxy.

B-6. Remote galaxy. The fact that the galaxy, consisting of yellow stars like the Sun, looks like the orange star

€ Eridani indicates redshift. z = (A1 —Ao)/Ao. According to Wien's displacement law AT = const.
MT1 = XoTo. Therefore, z = (To — T1)/T1.

The approximate temperatures of the stars may be found from the Hertzsprung-Russell diagram,

To~ 5800 K, T; = 4900 K.

Hence z = (5800 — 4900)/4900 ~ 0.18.

The galaxy is receding from us with a speed V = zc. V = 0.18-300000 km/s = 54000 km/s.

According to Hubble's law, V = R-H, R = V/H = 54000 km/s / 71 km/s/Mpc ~ 760 Mpc.

Thus, the galaxy is located at the distance 760 Mpc, and the fact that it looks like € Eridani (3™.74™),
weakened in brightness by factor 1000 (3™.74™ + 7™.5™ = 10™.24™) allow us to conclude that (excluding
the effect of the redshift) the absolute magnitude of the galaxy is:

M =m -5"log(R/10 pc) = 3™.74 + 7™.5 — 5™-log(76 000 000) ~ -28M.2.

Redshift leads to the fact that every photon coming to us loses some of the energy, E = hv =hc/x,
AE =hAv = hc(1/ho — 1/A1), AEIE = AT/To~ 0.16, E1/Eq=T1/To~0.84. This change the magnitude by
Am =-2"5-1g(0.84) = 0™.2.

Thus, taking into account the effect of redshift, absolute magnitude of the galaxy is

M=-28M2"+-0".2M~-28M4",

The absolute magnitude of the Sun is 4™.8, the difference is AM = 33™.2.

Using this value we can conclude that the total number of stars is 10*"/%® ~ 10*32% ~ 1.9-10" or about
20 trillion stars.
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af-1.

Theoretical round. Basic criteria. For work of Jury

Note. The given sketches are not full; the team leaders have to give more detailed explanations to students.
But the correct solutions in the students’ papers (enough for 8 pts) may be shorter.

Transit of Venus.
Transit of Venus may occur only in configuration of inferior conjunction of Venus — 2 pt.

Will be after integer number of synodic period of Venus — 1 pt.

Formula and calculation of synodic period of Venus — 2 pt.

Calculation of number of days till the inferior conjunction of Venus in 2117 — 1 pt.
Final answer — 2 pt.

. Transit of Pseudovenus.

Understanding that synodic motion should be used — 1 pt.
Formulae and result for synodic motion — 3 pt.
Using Gravitation law or 111 Kepler law, formulae and result for Pseudovenus orbit radius — 2 pt.

Note for jury. Additional point may be given for the students who note that this distance is out of the Hill sphere for the
Earth and so this situation is impossible.

af-3.

Calculation of Pseudovenus size (diameter) — 2 pt.

Old persons’ star.

Understanding that ¢ = 33°12' should be used — 1 pt.

Calculation of the altitude on which Canopus culminates at — 2 pt.

Calculation of the depth of atmosphere to pass (like 1/tg 4°06' ~ 14) — 2 pt.

Calculation of the loss of light in atmosphere in stellar magnitudes (Am = ... or similar) — 2 pt.
Final result — 1 pt.

Note for jury. This problem is to estimate. So the exact values are not too important, especially knowledge the exact
value of 20% (15% — 30% may be reasonable), or (in magnitudes) 0™.23 (0™.15 — 0™.4 may be reasonable). And the
reasonable answers are from 1™.5 to 4™.

o-4.

Stars on Mars.

Angular distance at Earth sky — 2 pt.

Understanding angular distance at Earth sky = angular distance at Martian sky — 1 pt.
Understanding angular distance at = angular distance at planet’s surface — 1 pt.
Calculation of the distance between Bear and Penguin — 2 pt.

Calculation of the height of Surius if Canopus in zenith — 1 pt.

Necessary picture with Bear and Penguin (artistic type) — 1 pt.

. Altair.

The distance to Altair — 1 pt.

Finding the ratio of luminosities of Altair and Sun — 2 pt.
Realization that L ~ R°T*, p ~ M/R?, and so p ~ MT®/L¥? - 2 pt.
Taking correct temperatures of the stars — 1 pt.

Final result — 2 pt.




a-5. Venus and Earth.
Understanding the configuration, picture (maybe not drawn but explained) — 3 pt.

Taking for solution correct values from tables — 1 pt.
Calculation of necessary distances — 2 pt.
Final result — 2 pt.

B-5. Venus and Earth.
First part of the solution — 4 pt, (see criteria for problem a-5 and divide number of points by factor 2).

Second part of the solution — 4 pt, including:
Formula for flux — 2 pt
(including 0.5 pt for each correct dependence on o, D, R(obs-planet), R(sun-planet)).
Calculation of the ratio of fluxes — 1 pt.
Final result — 1 pt.

o-6. Parallaxes.
Realization that interferometer can measure the parallaxes of the stars distanced <1000 pc — 3 pt

Calculating number of stars in sphere <1000 pc — 3 pt
Taking into account that Galaxy has thickness less than 1000 pc and calculating number of stars for this

model — 2 pt
Note for jury. This problem is to estimate. So the exact values are not too important, especially knowledge the exact

value of the thickness of Galaxy. In this point the most important simple understanding that this effect should be taken
into account, and reasonable order of value of the thickness of Galaxy.

B-6. Remote galaxy.
Understanding about redshift, taking temperatures from Hertzsprung-Russell diagram, finding the receding

us with a speed, and the distance to the galaxy according Hubble law — 3 pt
Calculating necessary difference in stellar magnitudes — 3 pt

Taking into account effect of red shift that gives correction Am = 0™.2 — 1 pt
Final result of number of stars — 2 pt
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Practical round. Sketches for solutions

ap-7. Fireball.
7.1. Observing points I, Il and 111 are plotted as in the figure (point Il is not correctly plotted below, but
when plotted correctly on the gridded paper, the answer becomes clear). Then by drawing only using

azimuthal angles, projected points A and B can be obtained, as intersecting points.

200 Rk

I 91.1km

7.2. Read off from the grid, and coordinates (Aa, @a, Ag, @g) Can be easily obtained as (127.60°E,
36.47°N) for point A, and (129.45°E, 36.10°N) for point B.



Then one should first convert the differences in angle into distance, and then use Pythagorean
principle, such that

L = [{(129.45-127.60) x 110) x (4.8/5.8)}* + {(36.47-36.10) x 110}°]*?

where the conversion factor 4.8/5.8 for longitudinal distance per one degree longitude can be read off
from the correctly scaled gridded paper or using ~sin(90°-36°), and one can use 110 km / (latitude
degree). Then L =173.5 km.

7.3. Once points I, A & B are correctly marked, the distance I5 and Ig can be calculated using
Pythagorean principle just as in problem 2, which are 91.1 km and 200.8 km. And using altitudes
observed from point I, one can get

ha =91.1 km x tan35° = 63.8 km, and hg = 200.8 km x tan10° = 35.4 km.

7.4. If the fireball hits the surface, the full projected trajectory from point A to the hitting point (let’s
call it C), AC, is the multiple of the projected distance AB by a factor of 63.8/(63.8-35.4)=2.2465. The
same multiplication factor can be used to get the trajectory on the longitude and latitude separately,
such that
Ac =127.6 + 2.2465 (129.45-127.6) = 131.76°
¢c = 36.49 + 2.2465 (36.11-36.49) = 35.64°

oint longitude latitude L ha hg You may find the meteorite at

P A ¢ (km) | (km) | (km) | longitude Ac | latitude gc
A 127.60°E | +36.49° N

173.5 |63.8km  35.4 km 131.76°E 35.64°N

B 129.45°E | +36.11° N

Date Culmination AT Date Culmination of AT Date Culmination of AT

of Moon (min) Moon (min) Moon (min)

Mar 2 19 40 51 April 1 2002 50 May 1 20 20 50
3 2031 51 2 2052 50 2 2110 52
4 2122 52 3 2142 51 3 22 02 55
5 2214 51 4 22 33 52 4 22 57 59
6 23 05 51 5 23 25 54 5 23 56 61
7 23 56 52 6 - 6 -
8 - 7 019 57 7 057 65
9 048 53 8 116 57 8 201 62
10 141 55 9 216 60 9 303 61
11 2 36 56 10 317 61 10 404 56
12 332 59 11 419 62 11 500 52
13 431 59 12 519 60 12 552 48
14 530 59 13 6 15 56 13 6 40 46
15 6 29 57 14 708 53 14 7 26 43
16 7 26 54 15 757 49 15 8 09 43
17 820 51 16 843 46 16 852 43
18 911 48 17 928 45 17 9 35 43
19 9 59 46 18 10 10 43 18 10 18 42
20 1045 44 19 10 53 46 19 11 02 46
21 1129 43 20 11 36 43 20 1148 48
22 1212 43 21 1219 45 21 12 36 48
23 12 55 43 22 1304 47 22 1324 50
24 13 38 44 23 1351 48 23 14 14 50
25 14 22 46 24 14 39 48 24 1503 49
26 1508 46 25 15 27 50 25 1552 48
27 1554 49 26 16 17 50 26 16 40 a7
28 16 43 49 27 17 06 49 27 17 27 a7
29 17 32 50 28 17 55 48 28 18 14 48
30 18 22 50 29 18 43 48 29 19 02 49
31 1912 50 30 1931 49 30 1951




8.1. In the table above, we compute the difference in culmination times of two neighboring days. On
average it is about 48 minutes, but differs every day due to the elliptical nature of the lunar orbit. Figure 1
shows the variation of culmination time for the three months. When the moon is at the perigee, the
difference in culmination is the largest. Therefore, the moon is at the perigee on Mar 13, April 11, May 7.
Therefore, the answer is 11.

80

60 i

40

20

Fig 1. Culmination time difference in minutes.
On the dates marked by the red arrows the moon is at perigee.

8.2. 14 days after Mar 13 (or 14 days before April 11) the moon is located on the opposite side of the
perigee. Therefore, the answer is Mar 27.

8.3. There are 8 days between April 11 and April 19, which correspond to 8/27.3 of the lunar orbital
period. The angle from the perigee is 105.5 degrees. There are 12 days corresponding to
12/27.3 x 360=158.2 degrees. The locations are indicated in Fig. 2. (See just below.)




8.4. July 1 is 54 days after May 7", where the Moon is at perigee. The Sun is near aphelion, whereas the
Moon is near perigee. Therefore the sun’s apparent angular diameter is 31°59” x 0.983 = 31°27”. The real
diameter of the moon is D = 3476.4 km. The distance is 384400” x (1 — 0.055) = 362900 km. Hence the
apparent angular size is 3476/362900 x 180/3.14 x 60 = 32°54”. Therefore, the moon appears 1.05 larger
than the Sun.

8.5. The approximate size of the geostationary orbit may be found using the Kepler’s Il law, with the
additional fact that geostationary orbit has 27.3 times shorter period. The ratio or the orbital sizes is
27.32%, or approximately 9. The answer is shown in Fig. 2.

. Clusters. All necessary data may be taken from tables and the Hertzsprung-Russell diagram.

8.1. Color-Magnitude Diagrams (blue dots and line for Hyades cluster, red dots and line for NGC2682).
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8.2. Color-Color Diagram (blue dots and line for Hyades cluster, red dots and line for NGC6282):

(g-n)

L 2hiE 2
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0.0 0.5 1.0 1.5
(B-V)

8.3. On the color-color diagram (problem 8-2), the reddening line is E(U-B) / E(B-V) = 0.67. However,
data points for two clusters are not sufficient to get such detailed reddening, we accept the difference
(B-V) between two main-sequence lines on the color-color diagram as reddening E(B-V), which is
E(B-V) ~ 0.06 ( +- 0.02 acceptable).

8.4. On the color-magnitude diagrams in Problem 8-1, the magnitude difference Amy, between the main
sequence line of Hyades and the main sequence line of NGC 2686, which is Amy, = -6.3 (+0.2 acceptable).



my(Hyades) — my(NGC 2682) =5 log 45 - 5logd - 3-E(B-V),
-6.3 =5 log 45 -5logd — 0.18,
d =741 pc (660 pc - 851 pc ; acceptable).

8.5. Find the absolute magnitude and colour index (B-V) of the main sequence turn-off star in each
cluster, approximately.

On the color-magnitude diagram of Hyades, MT (main sequence turn off point) is (B-V)~0.12
(acceptable +0.02) and my ~ 4.3 (acceptable +0.2).

my — My =5-log 45-5-0.18 ==> My = 0.75 (acceptable £0.2).
Ans: (B-V) = (B-V)o = 0.12, My = 0.75.
On the color-magnitude diagram of NGC2682, MT (main sequence turn off point) is (B-V) ~ 0.42 (+0.02

acceptable) and my = 12.6 (+0.2 acceptable).
Intrinsic color of the turn off star is (B-V)o = (B-V) - E(B-V) = 0.36 ( acceptable : 0.32 - 0.40)

===>my - My =5-logd -5+A ==> Mv =3.41 (acceptable 3.09 — 3.73).
Ans : (B-V) =0.42, (B-V)o =0.36 My =3.41
8.6. NGC2682.
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ap-7.

o-8.

Practical round. Basic grading criteria

Fireball.
7.1. Marking points I, I1, 11l correctly. Marking and drawing the fireball trajectory correctly — 3 pts.

7.2. Getting longitude and latitude of Points A, B correctly. Getting distance with correct scaling over
longitude and latitude — 2 pts.

7.3. Getting the right geometry. Final values of heights within 10 percent of error — 3 pts.

7.4. Getting the right geometry. Final values of the correct position within 10 percent of error — 2 pts.
Moon.

8.1. April (11 £1) -2 pts, + 2days — 1 pt.

8.2. Mrch (27 £1) — 2 pts, = 2days — 1 pt.

8.3. Similar to the Figure in the answer sheet — 2 pts, = 10 degrees — 1 pt.

8.4. Correct ratio = 0.01 — 2 pts, + 0.04 — 1 pts.

8.5. Similar to the figure in the solutions — 2 pts, radius less than 1 cm — 1 pts.

. Clusters.

8.1. (2.0 point),
correct plot with main sequence line : 2.0 point,
plots without main sequence line : deduction of 0.1 point.

8.2. (2.0 point),
correct plot with different marks for each cluster : 2.0 point,
plots without identifying each cluster : deduction of 0.1 point.

8.3. (2.0 point),
E(B-V) ~ 0.06 +0.02, get 2.0 point (£0.03, get 1.5 point; £0.04, get 1.0 point; +0.05, get 0.5 point).

8.4. (2.0 point),
Amy ~ -6.3 £0.2 =» distance ~741pc
Correct method to get distance with wrong Amy, values : deduction of 0.2 point

8.5. . (1.8 point),
only (B-V) value for main sequence turn off stars of each cluster (Hyades and NGC 2682) : get 0.9 point,
only absolute magnitude of it get 0.9.

8.6. (0.2 point) NGC2682.
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Observational round. Basic grading criteria

9. Pointing objects in the sky (the Polaris and the Ecliptic): 4 pt.
9-1. If pointed correctly, 2 pt, if not, 0 pt.
9-2. If pointed correctly, 2 pt, if not, 0 pt.

10. NGC869/884 (The Perseus double cluster): 6 pt.

10-1. If the cluster is in the field of view of the telescope, 3 pt. If not, 0 pt

10-2. Hour angle of the double cluster
Time Hour angle
21:00 -60 or 300 degree
22:00 -45 or 315 degree
23:00 -30 or 330 degree
4 min shift = 1 degree shift
The end time of the exam for each group was recorded.
If the hour angle at the end time and the answer agree within +10 degree, 3 pt.
If the difference is more than 10 degree, -1 pt for each interval of an additional difference of 0 degree < hour
angle <5 degree. This means that 0 pt for the answer with more than £20 degree offset.
If two answers were given for each object with separation more than 1 degree, 0 pt.

11. M15:5pt.
If the target was within the field of view of the telescope, 5 pt.
If not, O pt.

12. Zenith distance of Mercury: 5 pt.
Mercury always stays close to the Sun, but RA of it is about 15" 04™, while RA of the Sun is 13" 38™. The combination of
the knowledge of the latitude of the site, and the location of the Sun, and at the time when the observation started, it was
already well below the horizon.
On October 19, the Zenith distance of Mercury was the following.

Time Zenith distance (degree)
21:00 116
21:15 120
21:30 123
21:45 126
22:00 129
22:15 132
22:30 135
22:45 138
23:00 140
23:15 143

If the zenith distance at the time closest to the above table and the answer agree within 15 degree, 5 pt.
For the additional difference at intervals of O degree < difference <5 degree beyond the +15 degree, -1 pt was
taken off. This means that 0 pt was given if the difference is more than 35 degree.

Kopesi, KBaumky 2012 Gwangju, Korea
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