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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 vou
have to write in vour answer (in English or Russian). «situation is impossible - curyauns
nesosmoxna». Of course, this answer has to be explained numerically or logically

1. The Bear. The White Bear (whom was already met in the texts of the VI VIII and IX
International Astronomy Olympiads) has returned from Crimea to the North Pole and decided to
observe a sunset. Calculate how long this sunset lasts. The solution has to include a picture with
an mmage of the Bear on the North Pole: necessary sizes or angular sizes should be n the picture
Assume that the Earth is spherical. Recollect tor vourselt the necessary mformation about the
White Bear

But can the Bear prolong the observation of sunset, not moving trom the Pole” For what tme?

2. Sun. In one of the ancient models of the Universe the centre of solar system 1s the Earth rotatng
around its own axis, The stars are not moving around the Earth. The Moon and the Sun are
orbiting the Earth. Mercury and Venus are orbiting the Sun Mars. Jupiter and Saturmn moves
around invisible objects which are orbiting the Earth

Consider the explanation of the system Earth-Moon to be correct in this model and the mass of
Ty | . P !
Sun to be negligible in comparison with the mass of the EFarth-Moon system Find (bv two
different ways of solution) the distance between the Farth and the Sun in such a mod -
Find the absolute stellar magnitude of such a Sun
3. Andromeda nebula. We hope that you are famihar with the object Andromeda nebula (M31,

NGC 224). Its stellar m:

from this object should we move, if it were 1o shine as the full Moon” What would th

g 4m 1 3 T
m +.4  dnd 11s distance from us s U k‘\i{\‘ 1O what

(approximate) angular size of this object be in that case

Ipu pewrennn kawnoil 3a1aun MOKHO HEMOT

Data from the “Table of planetary data” may be 1

Kurai, TMekun . 2008
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Sunspots. At the day of the winter solstice we observe the Sun in Quito, the capital city of
Ecuador in South America (78°W, 0°S). The resulting image 1s seen in figure 1. There are two
sunspots on the Sun. At the same time it is sunrise in Alaska (60°N) and sunset in Windhoek, the
capital city of Namibia in Africa (17°E, 23°S). Are these sunspots to be seen in Alaska and
Windhoek. (Note: answer «/la-Yes» or «Her-No» has to be written in English or Russian.) Draw
the images of the observations of the Sun at that time as they are seen in Alaska and Windhoek.

aS. Cluster. Astronomers find a "star" which position in the Hertzsprung-Russell diagram is about 8"

ab.

higher than the corresponding stars of the main sequence. Assume that the "star” is a cluster of
similar stars and estimate the number of stars in the cluster

Earth transit. At November 7, 2005, the Mars opposition will occur. During this event Mars will
be situated at 0.47 a u. from the Farth. being quite close to the ecliptic line (27" south of 1t) as
observed from the Earth. For this event the Martian Space Agency is planning the near-Mars
space mission with astronauts onboard purposed to observe the Earth transit the centre of the solar
disk. To diminish expenses the space mission will follow the optimal way — to observe the transit
from the minimum possible distance from Mars. In what constellation will Mars be observed from
the station in the middle of the Earth transit?

Tpy pewenny kaxa0i 3aa41 MOKHO HCTIONL3OBATS NAHHLIE NpHaaraemoit “TabaniL AAHKBIX O naadeTax”
Data from the “Table of planetary data” may be used for solving every problem
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B4. Pole star. It is known, that the altitude of the Pole star above the hornizon is numenically equal to
the geographic latitude of the place of observation, and the direction to it 1s the direction to North
However there are some errors in these rules. Find the maximum errors (in © and ') while using
this way to find the latitude of the place (Ap) and the direction to North (AB). The observations
are carried out in the observatory Xinglong (Cunsnyn) near Beijing. The declination of the Pole
star 1s equal to 89°10". The approximate latitude of Benjing 1s ¢ = 40

BS. Cluster. Astronomers find a "star" of the spectral class A0 which position at the Hertzsprung-
Russell diagram is about -7™
that the "star" is a cluster that consists of many similar stars and estimate the possible number of
stars in the cluster

my 1
-87! (Le. 1t 1s very much higher than the main sequence). Assume

B6. Earth transit. At November 7, 2005, the Mars opposition will occur. Duning this event Mars will
be situated at 0.47 a.u. from the Farth. being quite close to the ecliptic line (27" south of it) as
observed from the Earth. For this event the Martian Space Agency 1s planning the near-Mars
Space mission with astronauts onboard purposed to observe the Farth transit on the solar disk (at
!cgst transit through the edge of the Sun) and to investigate the Earth’s atmosphere. What
minimum orbital penod of motion around Mars must this space station have?

[Tpw peumrerin KakI0i 31341 MOKHO HCIIONLIOBATH AAHHbIC npuaaraemoii “Tabauitel nanHbIX 0 naaneTax”

Data from the “Table of planetary data” mav be used for solving every

problem

Kirait, Mexun NS - Beiiing  (Chin
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#5. Cluster. Stars of A0 spectral class have absolute stellar magnitude about 0*. So the problem 1s
analogous to a2 with the difference in magnitude of "about 7 - 8™ Analogous 10 a2 solution
we can find approximate boundaries of number of stars in the claster

N win 10%*7 = 10*" = 631 stars = 600 stars
Niiax 10%** = 10** = 1585 stars = 1600 stars
Answer: about from 600 to 1600 stars. w
Note once more: Answer about "from 631 to 1585 stars” is not cort ect! There 1s data " about -7
8™ "_so we have approximate values.

6. Earth transit. The figure shows the configuration of Sun, Earth and Mars in the moment of Mars

opposition. g
( 9 . : / R
= . T - —e— by |
— Earth P D \
he— i
Mars Sun

While middle of the Earth transit being observed from the minimal possible distance from
Mars. Mars will be situated near the South Ecliptic pole in the Doradus contellation, near to Large
Magellanic Cloud.

B6. Earth transit. The figure shows the configuration of Sun, Earth and Mars in the moment of Mars

opposition SN
T~ R\
'_“_ . - - ——— i ; 3
—————""  Earth ’ D \
heé— L e
Mars

Sun

The angular radius of the Sun visible from the Earth is equal to
3 1

p = arcsin (R/D) = 16",
Here R is the radius of the Sun, D) is the distance between Sun and Earth. Let L will be the
distance between Earth and Mars. Being observed from the Earth, the angular distance between

the Mars and ecliptic line v is larger than angular radius of the Sun, thus, as can be seen in the

figure, there will be no Earth transit on the solar disk observable from Mars, it will be a pity for
Martians. To observe it anyway, they have to go by the distance 4 towards the ecliptic plane
(northwards). Taking into account that all angles are small and the Earth is many times smaller
- than the Sun, we will calculate this distance
h=Lsin(y—p)=00015au = 224 000 km
To reach the distance required having the minimal orbital period, the Earth transit observation
point must be the apocenter of the orbit. The pericenter distance cannot be less than the radius of
Mars r (about 3400 km). The minimal large semi-axis of the station orbit will be about
a=(r+h)/2=114 000 km.
This value is 0.296 of the large semi-axis of the Moon orbit around the Earth. Calculating the
period. we have to take into account that the mass of the Mars is 0.107 of the mass of the Earth
Using General 111 Kepler law
a'l{(1°M) = const,
we find that the station orbital period is about 0.49 of the lunar period or 13.5 days. For the

m;ssm!! to be successful, the station must be launched at October. 31. in three days after the
theoretical round of X 1AO

Kwalh, Nexpn
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af7. Peppaxums. 3cuurHoc paccrosnue (Z) ONPEACHseTes KAK yrojl MEHILY HalpaBicHHsm- ia
ACTPOHOMHYECKHI 00BCKT H HA senuT nabmoaatens (Z-0" o0bexra B 3enure ¥ Z-90° wan
obbexra wa ropusonre). M3-3a armocdepnoit pedpakumn BHAHMOE (H3MEPAEMOE) 3CHHTHOC
paccrosume (Z,) Mensiie, ueMm uctHrHOC (Z,). Ha Besmunny R (B ceKymaax Jyrw) Jlanubie
npuBeAEHHON Hike TabmHibl MOTYT ObITh HCNONBL30BAHBL NPH HAOMOACHHAX HA YPOBHE MOpS
npu remneparype 10°:

B T 2z, T RO OZy R SR
T T S O N R U A
e a0t | 60° | 101 | ®3° | 444" | 88 | 1103" |
Y T ) 0 | 159" | 84° | 309" | 89T ol 14SIT
ags | 54" | 80° 319" 85° | 593" | 89°31' | 1760"
| a0° | a9" | s81° | 353" | 86 | 706" | 90° | 2123"

Jlnst 3CHAUTHBIX PACCTOAHMIL Z,, MCHBILC, YeM HEKOTOpOe 3Ha4eHHe Zyp, npuOmnkénnas Gpopmyna
JUIA BBIYHCIICHHH!

R = 60,25"(B/760)-(273°/(273°+°))tan Z,, (1).
rae B — armocdepnoe napnenne B MM pryTHOro croaba, t° — remneparypa B °C

7.1. Haiumare qmanason snavenuit Z,, B KOTOPOM MOKHO MCNONb30Bath Gopmyay (1) ¢ TogHOCTHIO
1, T.e. HaluTe Zy.

7.2. Haitare mupoty mecra Habmoaenns ¢ touHocTsio 0,17, ecau B 1o Bpems, korja B mone Coanne
HaKHDOJICE BBHICOKO NOAHMMALTCS B HeOE, ero HadMoAaeMoe 3eHHTHOR paccTosHue pasHo 16°34.4'
([ls 3ananHOM TOMHOCTH & = 23°26.4").

7.3. Bermmennte (¢ Tounoctsio 0,1') uerunnoe 3enuTHOE pacctosnme Z, i uentpa Comuua 8 tor
MOMCHT, KOT/1a npu 3axo/ie seck Auck Connua 106K 4T CKphlIcs Ha ropusonTe (1 = 10°C)
7.4.Henonbsys  npuseénnyio  Bhine MHQOPMALMIO, CACHANTE HCOOXOMMMBIC BHIMHCICHHS ¥
HapucyiTe BuaMyio Gopmy ConHI@ B TOT MOMEHT, KOI/Ia Mbl BMAMM, YTO €10 HIDKHWIl Kpait
TOJIBKO YTO KOCHYJCA ropHsoHTa. | Kkiuetouka B cerke coorserctsyer 2'. [lomersre. Kaxme

AQHHBIC M METOJL BLIMHCICHHH Bhl HCNOTB30BAIH 1IPH PEIICHUH

Cuynrars, 970 HPH OTCYTCTRHM armocdepnoit pedpaxiu yraosoit anamerp Conmua pasen 32.0°

Kirafh, NMexun
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@8. [laanerapuan TymannocTh. [lancrapuas TymMannocts — 510 paCIHPAIOIMHCH ra3000pasHas

000n0uka, 00pa3OBABINAACH NPH  BIPBIBC HeHTpanbnoi  ssesun.  Illaposas uancrapuas
rymannocTs IC 418 naGmonaercs ¢ noMoILIo CHeKTporpada, meah KOToporo PHKCHPYET 1y K
HPUIIEUIKE OT TOYKH HPHMEPHO HA NOJOBHHE PAZMYCA TYMAHHOCTH, KaK MOKA3AH0 N PHCYHKE
I. Prcynok 2 (10 OCAM — MOTOK M /UIMHA BOJIHBI) — TO MOAYUCHHAS IMHCCHOHHas uiua [N 1],
KOTOpas HMeeT NabopaTopryIo JUIHHY BO/bl A — 5200.26 A. HBHO BB B3 [1HKA

N 1)
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7300 m .
%0 40 30 T4 - 8.1.Hapucyitte na anarpamme | epuunnpyura-

i - Paccena (pHCYHOK 3) KPHBYIO 3BOMIONHH 3BC3Th

"5§ IMABHOH 110C/1C/10BATE/IbHOCTH, KOTOPAd MOKCT

] 5’ B3PLIBATLCH ¢ OOPAZOBAHHEM MIAHCTAPHOIN

g TYMAHHOCTH. OTMETLTE MOJIOKEHHE

5 3 niaHerapHoit TymMannocTH (planetary nebula)
8.2. Cunras, uto [C 418 umeer amamerp a = 127w

o viancHa oT Hac Ha paccrosnme L = 330 11k

Ls BBIMHCIIHTE € BO3PACT. JTOT BO3PACT. KCTATH

ACTPOPHIHKH HAZBIBAIOT ' THHAMHHCCKHM
BO3pacTom”
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1.1. Find Mars on the sky and show 1t.

1.2. Write three constellations, which stars are

quite around it

. Draw down its position on the sky map

4. Find the angular distance between Mars and
the Plelades

—
-

| 2. Find the stellar magnitudes of the star § Per
using data about comparing stars

(o Per = 1.8™ and n Per
the answer on the map

3,8™) and write
You have a sky map of the necessary region

| 3. You have two minutes for using the
telescope to find M31 and show it to the
supervisor. You may use more time but the
mark will be less in this case.

Maximum total time for all jobs is
12 minutes

Seiping. China

2005
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1. Haliypure Ha HeOe Mapc, HOKaKHTE €ro
Hanumure TpH CO3BE3AHA, 3BC31bI KOTOPBIX
HAXOJIATCH BOKPYT HCTO.

3. HauecuTe ero nojoKeHHe Ha KapT

Onpesenure yrioBoe pacCTOSHHE MEAUTY

Mapcom u [Inesgamu

HMenonssys 38€3ap1 cpaBHenus (a Per = 1.8
u n Per = 3,.8™), onpenennre 38E31HYI0
BEHYHHY 38€3/bl [3 Per H HANHWIKTE OTBLT
Ha Kapre

taHO i o0acT Heba npuiaraeTcs

napra

Y Bac ectb /188 MHHYTbI, HTODbI HABECTHCH
reneckonosm Ha M3 1 u nokasats pesviabral

nposepatomemy. Bl MoxkeTe Henmonb3osathe

NONOIHHTEIBHOE BPEeMA, HO OUEHKA OV aeT
HHIKE B 2TOM Cl1ydac.
MaxkcumaibHOEe BpeMs BBINOJIHEHHS 33/ 1aHHY
12 munyy
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