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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 have no real sense. In this case you have to write in your answer (in English or Russian):
«impossible situation — cutyauusi HeBo3mozknay. Of course, this answer has to be explained numerically or logically.

Data from the table of planetary data may be used for solving every problem.
The answers «Jla-Yes» or «Her-No» has to be written in English or Russian.

1. Sirius. It 1s known that the so called “Dog Star” (Sirius) is the brightest star in
the Chinese sky. And in what else districts on the Earth Sirius is also the
brightest star in the real sky of this district? What are numerical characteristics
of the borders of these districts? Note: you should take into account only stars
in their historical-classical meaning, i.e. Sun, planets, etc. should not be taken
Into account. ' *

2. Number of molecules. Estimate the number of molecules in the Earth’s
atmosphere.

3. Efficiency of eye. Estimate the theoretical limit of the maximum magnitude of
stars that the human eye can see under very optimal conditions. Take into
account that the eye’s retina “remembers” the image about 1/7 of a second. A

0™ star sends us about 10" photons/m* every second.

4. Catastrophe. Imagine, that on July 5, 2084 the mass of the Sun suddenly has
decreased to half its original value. Calculate a new period of revolution of the
Farth around of the new Sun.

5. Mirror for a telescope. You have a disc of glass with thickness b =40 mm,
from which one has to make (by grinding) a spherical mirror with a diameter of
D =500 mm. What could the focal distances F be of a mirror made from this
disc?
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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 have no real sense. In this case you have to write in your answer (in English or Russian):
«impossible situation — cutyanus HeBo3mozkHay. Of course, this answer has to be explained numerically or logically.

Data from the table of planetary data may be used for solving every problem.
The answers «Jla-Yes» or «Her-No» has to be written in English or Russian.

1. Sirius. It 1s known that the so called “Dog Star” (Sirius) is the brightest star in the Chinese sky.
And in what else districts on the Earth Sirius is also the brightest star in the real sky of this district?
What are numerical characteristics of the borders of these districts? Note: you should take into
account only stars in their historical-classical meaning, i.e. Sun, planets, etc. should not be taken
Into account.

2. Number of molecules. Estimate the number of molecules in the Earth’s atmosphere.

3. Eris. The largest discovered now in our Solar system Transneptune body is the dwarf planet Eris
(Dpuna). Now Eris is near its aphelion point. Find the apparent stellar magnitude of Eris as visible
from Earth. Approximately when will the next “Great opposition” of Eris be? What will the
magnitude of Eris be as visible from Earth at this “Great opposition™?

4. Catastrophe. Imagine, that on July 5, 2084 the mass of the Sun suddenly has decreased to half its
original value. Calculate a new period of revolution of the Earth around of the new Sun.

5. Galaxy pair. This famous galaxy pair contains two interacting galaxies, IC563 and 1C564. The
coordinates of the centers of IC563 and IC564 are respectively RA 146.58479, DEC 3.04558 and
RA 146.58783, DEC 3.07137. Using the 2.16m telescope of The National Astronomical
Observatories of China (NAOC), their R-band image in 2009 has been obtained, which is
presented at the fig.1. The spectrum of the center of IC563 is shown at the fig.2.

5.1. We were assigned two periods of time in 2009 to carry out our observation. One was in April and
another was in September. Please find out, when 1C563, IC564 has been observed? (Write "Apr”
or "Sep" 1n English.)

5.2. Mark IC563 and IC564 at the fig.1.

5.3. Find out the redshift of the galaxies. Consider the redshift of one of them can be realized as the
redshift for the other.

5.4. NAOC astronomers want to take Ha photo of IC563 and IC564 next year to seek the star
formation regions in or around them. There is a series narrow band Ho transmission filters in
NAOC, as listed in table (the center wavelength is given in the terms of velocity). Select the most
suitable filter for the observation.

5.5.How many parsecs away are the galaxies? What is the projected distance between the two galaxies?
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JJIeMeHTBbl OpOHT.
Pu3nyecKHe XapaKTepPUCTHKH HeKOTOpbIX NaHer, JIyHbl, CoqHua u Jpuabl

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

Cpennee Cuaepuyeckuii Cpea- Y_ckop. Makc.
HebecHoe PacCTOSIHHE OT (MJIH aHAJIOrHYHbIH ) Macca HAS cB00. | Oneck,
TENO, LEHTPAJIBHOIO TENAa nepuoa oodpamieHus TPHUCH- MJIoT- naiu. BUIA.C | AJlb-
[JIaHeTa B B HOCTh | ynoB. | 3emau | 6eno
TpOI]H'-I. CPEIHHX 4 3 2 )
il 1 02 K2 | 2/em M/c
Sldereal Equat. Grav. | Max.
(or analo pous) period centrl- diameter acceler. | magn. | Al-
In from | bedo
astr. troph in days km Earth
units € **)
s 2,5-10" | 2,2:10° 810" 1392000 | 1989000 | 1,409 -26,8"™
MepkypHit | 387 579 | 0,241 8797 | 0206 | 4879 | 03302 543 | 3,70 0,06
Mercury
sy 0,723 | 1082 | 0615 | 22470 [ 0,007 | 12104 [ 48690 | 524 | 887 0,78
o 1,000 | 1496 | 1,000 | 36526 | 0,017 | 12756 | 59742| 5515| 9,81 0,36 |
I 0,00257 | 0,38440 | 0,0748 | 27,3217 | 0055 | 3475 | 00735| 334 | 1,62 | -127" | 0,07
ﬁ:fsc 1,524 227.9 1,880 686,98 | 0,093 6 794 0,6419| 3,94 3,71 -2,0" | 0,15
f;?:p 5,204 778,6 11,862 | 4332,59 | 0,048 | 142984 | 1899,8 1,33 2486 | -2,7" | 0,66
Camypi | 9584 | 14337 | 29458 | 1075920 | 0,054 | 120536 | s68.50 | 0.70 | 1041 | 07" | 0.8
gfi';ﬂa 68,01 204 862 | 0,434 2600 | 0,0167 0,8 0,86
**) Ilnsa JlyHbl — B CpeAHEM NPOTHBOCTOSHHH.
*¥) For Moon — in mean opposition.
Kuran, Xanuxoy 2009 - Ha nzho:,_ China o
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Some constants and formulae

CkopocCTh CBETa B BaKkyyMme, ¢ (M/c) 299 792 458 Speed of light in vacuum, ¢ (m/s)
['paBUTaLMOHHas nocTosHHas, G (H-M*/kr?) 6.674:10™" Constant of gravitation, G (N-m*/kg")
ConHeyHas nocrosHHas, A (Bt/m%) 1367 Solar constant, A (W/m?)
[Tocrosinnas Xab66na, CpelHee 3Ha4YEHUE 70 mean value Hubble constant,
Hp (xM/c/MI k) AWana3oH 3HaYE€HHUH 50-100 diapason of values H, (km/s/Mpc)
[Tocrosinnas [1nanka, h (Dx-c) 6.626-10™ Plank constant, h (J-s)
3apsana 3MEeKTpoHa, € (Kin) 1.602:10™" Charge of electron, e (C)
Macca 311eKTpOHa, m, (Kr) 9.109-10™ .. Mass of electron, m, (kg)
COOTHOILIEHHE MAcC MPOTOHA H IEKTPOHA 1836.15 Proton-to-electron ratio
[Tocrosnnaa ®apanes, F (Kin/monp) 96 485 Faraday constant, F (C/mol)
MarHuTHas MOCTOSHHAA, [y (['H/M) 1.257-10° Magnetic constant, o (H/m)
YHuBepcanbHas rasosas nocrosgiHad, R ([Hx/mons/K) 8.314 Universal gas constant, R (J/mol/K)
[Tocrosinnas boneimana, k (Jx/K) 1.381-10% Boltzmann constant, k (J/K)
CranpaprHas armocdepa (I1a) 101325 Standard atmosphere (Pa)
[Mocrosnnas Credana-bonsumana, o (Br/m*/K*?) 5.670-10°° Stefan-Boltzmann constant, o (W/m*/K*)
KoHcranTa cmeweHus Buna, b (m°K) 0.002897 Wien’s displacemént constant, b (m'K)
Jla6opatopHas mmHa BoiHbl Ha (A) 6563 Laboratory wavelength of Ha (A)
[Tokazarens npenomsieHus Boasl rnpu 20°C, n 1.334 Refractive index of water for 20°C, n
[Tnomane chepsi S = 47R* Area of sphere
m 3.14159265 m
JlaHHbIEe 0 HEKOTOPbIX 3BE3aaXx
Data of some stars
RA DEC ‘m SC
ApKTYp Arcturus a Boo 14" 15™ 40° 19° 10' 57" -0.05 K1
Bera Vega a Lyr 18" 36™ 56° 38°. 47 01" 0.03 AQ
Jlened Deneb a Cyg 20" 41" 26° £5%.°16* 49" 1.25 A2
[MonspHas Polaris a UMi 02* 31™ 51° 9> 15 51" 2.02 F7
Cupmuyc Sirius a CMa 06" 45™ 09° -16° 42' 58" =1.46 Al
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