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Theoretical round. Problems to solve

1. Distance to galaxy. By research of a supernova explosion in a distant galaxy, two scientists noticed
that the hydrogen line HB, which was observed in its spectrum, exactly matched the laboratory line
Ha. However, these scientists hold different views on the numerical value of the Hubble parameter.
Using different values that differ from each other by AH, = H, — Hy = 14 km/s/Mpc, they obtained
different values for the maximum absolute magnitude of the observed supernova: My = —=19,02™ and
M, = -18,64™. Find, according to the point of view of the scientists, the redshift of this distant galaxy
and the distance to it.

2. Martian observations. In July this year, within one day, two unique astronomical phenomena
occurred. In the morning of July 27, Mars came into a great opposition (see the attached ephemeris),
and in the evening, the inhabitants of the Earth (those lucky with the weather and geographical
location) observed a long lunar eclipse. But the approachment of the Earth and Mars is also a good
time for Martian astronomers to study the Earth and the Moon. The Martian Space Agency planned
two expeditions to the near-Mars piloted orbital station to observe:

2.1. transit of the Earth across the disk of the Sun (it is assumed that the entire disk of the Earth
must pass at least along the edge of the Sun) to study the atmosphere of the Earth;

2.2. transit of the Moon across the disk of the Earth (it is assumed that the entire disk of the
Moon must pass over the disk of the Earth) to study the lunar atmosphere.

For each of these observations, determine in which constellation the objects will be observed
from Mars, whether the orbital expedition is feasible (write “Yes” or “No” in English), and if so, find
the minimum orbital period of Martian orbital station of the expedition, and if not, prove it by making
the necessary calculations and drawings.

3. Sunset at Colombo. The sunset picture was taken on September 30, 2018, from the seafront in the
center of Colombo. The height of the camera above sea level was approximately 6.5 m. Calculate
with the highest possible reasonable accuracy:

3.1. at what time (use Sri Lanka time) the picture was taken.

3.2. after what time after the moment of this picture will civil twilight end?

3.3. Draw the position of the Sun seen at this moment from Adams Pk. (see the map) located to
the East of Colombo (if clouds do not obstruct the observation).

4. Colombo. Geostationary satellite.
4.1. At what minimum zenith distance can a geostationary satellite be observed from Colombo?
Suppose that such a satellite is observed as a 2™ star in the night sky.
4.2. How long during a day (24" can we see this satellite with the naked eye (in a clear sky)?
4.3. Estimate the size of the satellite, considering it a polished metallic sphere.

5. Oort cloud. It is currently considered that the source of long-periodic and non-periodic comets is the
outer Qort cloud, the inner and outer radii of which are estimated as 0.2 and 0.8 light years,
respectively. Comet bodies in this cloud move erratically and sometimes collide with each other. As a
result, every century, people of the Earth observe from 10 to 20 bright comets coming into the
internal regions of the Solar System. The average size of the nuclei of such comets is about 2-3
kilometers. Roughly estimate (in order of magnitude) the total number of such comet bodies in the
outer Oort cloud, the average distance between them, and their total mass. Compare the results with
distances and masses of bodies in our Solar system.

Wpu-Nanka, KonombBo 2018 Colombo, Sri Lanka




ACTPOHOMWYECKOE
OBLLECTBO

EURO-ASIAN
ASTRONOMICAL SOCIETY

s

R

« ldh

XXl MexayHapoaHas acTpoHOMMyYeckas onumnuaga
XXl International Astronomy Olympiad

Wpwu-Nanka, Konombo 6-14, X, 2018 Colombo, Sri Lanka

Round | Theo
Group (o4 ‘ B
A3bIK .

anguage| ENQlish
A3bIK P -
language ycckuu

Geocentric Ephemeris for Mars

00:00 UTC (Coordinated Universal Time)

Date Apparent Apparent Distance Distance App. Ang. Phase Phase S.E.

(0 uT) R.A. Declination to Earth to Sun Mag. Diam. Illum Angle Long
h m s LT a.u. a.u. " ° N

Jul 21 20 39 26.38 -24 52 22.4 0.39251 1.40447 -2".6 23.8B 0.996 7.1 122.2
Jul 22 20 38 23.97 -24 58 44.6 0.38112 1.40370 -2".6 23.9 0.997 6.5 113.3
Jul 23 20 37 20.16 -25 05 00.3 0.38987 1.40295 -2".6 24.0 0.997 5.9 104.4
Jul 24 20 36 15.10 -25 11 08.7 0.38876 1.40221 -2",68 24.1 0.998 5.4 95.6
Jul 25 20 35 08.97 -25 17 08.7 0.38779 1.40148 -2".6 24.1 0.998 5.0 86.7
Jul 26 20 34 01.95 -25 22 59.4 0.3B6397 1.40076 -2".6 24.2 0.998 4.8 7.9
Jul 27 20 32 54.20 =25 2B 39,9 0.38628 1.40006 -2%.6 24.2 0.998 4.7 69.0
Jul 28 20 31 45.92 -25 34 09.4 0.38574 1.39936 -2%.6 24.3 0.998 4.8 60.1
Jul 29 20 30 37.29 -25 39 27.0 0.38534 1.39868 -2".6 24.3 0.998 5.0 513
Jul 30 20 29 28B.49 -25 44 31.9 0.38509 1.39801 -2".6 24.3 0.998 5.3 42 .4
Jul 31 20 28 158.72 -25 49 23.5 0.38497 1.39735 -2".6 24.3 0.987 5.8 33.6
Aug 01 20 27 11.15 -25 54 00.9 0.38499 1.39671 -2".6 24.3 0.997 6.4 24.7
Aug 02 20 26 02.99 -25 58 23.5 0.38516 1.39607 ~-2".6 24.3 0.996 7.0 15.9

2018 TleoueHTpuyeckue achbemepuabl Mapca

8.E. PiA. Ls Seolar Events
Lat Axis Elong
L a o o
-12.0 4.8 215.3 170.2W
-11.8 4.9 215.9 171.0W
=11.7 5.1 216.6 171.BW
-11.6 5.3 217.2 172.5W
“1%1.5 5.4 217.8 173.0W
-11.3 5.6 218.4 173.4W
-11.2 5.8 219.0 173.5W Opp. 05:12
=11.1 5.9 219.6 173.IW
-11.0 6.1 220.3 173.1E
-10.9 €.3 220.9 172.6E
-10.8 6.5 221.5 172.0E
-10.7 6.6 222.1 171.2E
-10.6 6.8 222.7 170.3E

Geocentric Ephemeris for Moon 2018 [eoueHTpuyeckue achemepuabl JlyHbl

00:00 UTC (Coordinated Universal Time)

Date Apparent Apparent Distance Hor. Ang -=--=-Libration---- Sun P.A. Phase Phase
(0 uT) R.A. Declination Par Diam 1 b -] Colng Limb Age Illum
h m s ® o® m km " " ] 2 2 b # days
Jul 21 14 45 33.85 -10 28 52.9 391335 3361.9 1831.6 7.2 -6.8 17.3 6.9 288.7 7.9 0.622
Jul 22 15 34 34.18 -14 05 16.4 395867 3323.5 1810.6 6.6 -6.5 13.2 19.1 286.1 8.9 0.718
Jul 23 16 24 00.893 -17 00 35.1 399584 3292.5 1793.8 5.8 -5.8 8.5 31.3 28B2.7 9.9 0.800
Jul 24 17 14 03.83 -19 08 30.5 402446 3269.1 1781.0 4.7 =5.0 3.5 43.6 278.8 10.9 0.872
Jul 25 18 04 37.75 -20 24 11.86 404465 3252.8 1772.1 3.5 =3.9.35B.3 55.8 274.6 11.9 0.929%
Jul 26 18 55 23.82 -20 44 45.86 405690 3243.0 1766.7 2.1 =2.7:353:1 €7.9 270.2 12.9 0.970
19 45 09 47.7 6184 .0 1764.5 0.7 .3 ] 266.1 13.9 0.994
i 406002 5 =) ] e & .0 .6 w1
Jul 29 21 24 42.50 -16 24 37.9 405174 3247.1 1768.9 -2.1 1.5 340.4 104.5 77.1 15.9 0.988
Jul 30 22 12 32.88 -13 25 32.9 403692 3259.0 1775.4 -3.4 2.8 337.8 116.7 74.2 1€6.9 0.959
Jul 31 22 59 27.83 -09 51 53.4 401527 3276.6 1785.0 -4.6 4.1 336.1 128B.9 72.0 17.% 0.912
Aug 01 23 45 49.28 -05 51 51.5 398645 3300.3 1798.0 -5.6 5.1 335.5 141.1 70.4 18.9 0.849
Aug 02 00 32 09.52 -01 34 03.1 355034 3330.5 1Bl4.4 -6.4 6.0 336.0 153.3 69.7 1%.:9 0.772

Sclar
Elong

Lunar_ Events

103.9E
115.5E
126.BE
137.5E
148.9E
159.9E
170.8E

MAX.S 20:56

FULL 20:22

167.4W
156.4W
145 .4W
134.2w
122.8W

Geocentric Ephemeris for Sun 2018 [eoueHTpuyeckue acpemepuabl ConHua

00:00 UTC (Cocrdinated Universal Time)

(Y.' Mar 20 16:15 @ Jun 21 10:07 — Sep 23 01:54 \&3 Dec 21 22:23
Date JD App. GST Equation Apparent Apparent Distance Ang. Hel. Hel. P.A
(0 UT) {2450000+) (0 UT) of Time R.A. Declination Diam. Long Lat Axis
h m s m s h m = 2 m a.u. b ° . !
Jul 21 8320.5 19:54:51.6 06:24.2 08 01 15.05 +20 30 58.9 1.016107 1888.8 212.6 4.9 6.2
Jul 22 8321.5 19:58:48.2 06:27.0 08 05 14.36 +20 19 18.9 1.016025 1889.0 159.4 5.0 6.6
Jul 23 8322.5 20:02:44.7 06:29.1 08 09 13.07 +20 07 18.6 1.015938 1889.1 186.1 5.0 7.0
Jul 24 8323.5 20:06:41.3 06:30.7 08 13 11.20 +19 54 58.0 1.015848 1889.3 172.9 Bl 7.5
Jul 25 8324.5 20:10:37.9 06:31.6 08 17 08.73 +19 42 17.7 1.015754 1889.5 159.7 5.2 7.9
Jul 26 8325.5 20:14:34.4 06:32.0 08 21 05.66 +19 29 17.7 1.015656 1889.7 146.4 5.3 8.3
Jul 27 8326.5 20: 06:31.8 08 25 01. +19 4 1.015556 1889.9 .2 5.4 8.7
8327.5 : . 06:30.9 20.0 1.015451 1880.1 % 5.5 9.1
Jul 29 8328.5 20:26:24.1 06:29.5 08 32 52.82 +18 48 22.8 1.015344 1890.3 106.7 5.8 9:5
Jul 30 8329.5 20:30:20.6 06:27.5 08 36 47.33 +18 34 07.0 1.015234 1890.5 83.5 5.6 10.0
Jul 31 8330.5 20:34:17.2 06:24.8 08 40 41.24 +18 19 33.1 1.015120 1890.7 B0.3 - d 10.4
Aug 01 8331.5 20:38:13.7 06:21.6 0B 44 34.55 +18 04 41.1 1.015003 1890.98 67.1 5.8 10.8
Aug 02 #332.5 20:42:10.3 06:17.7 0B 48 27.27 +17 49 31.3 1.014883 1861.1 53.8 5. 11.2
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