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Theoretical round. Problems to solve

*"*til Enelish
Group Q,

Distance betrveen galaxies. In thc clustcr of galarics iu tlrc constcllation of Virgo thc dcnsitv of galarics is 30 per
cubic tucgaparscc. Estitnatc tltc avcragc distancc bctriccn thc gala.rics in this clustcr.

Cotttet. During an obscr-ration of a solar cclipsc thc obscncrs discovcrcd a comct bodrcs iu thc constcllation of Arics
ncar thc solar corotta. Furthcr rcscarclr havc shonl that at thc dctcctiou tirnc thc contct \\as in thc aphclion of its orbit
(distancc from thc Strn A = E.8- i  a u.) .  and in pcr ihcl ion thc distancc from thc Sun is cqual to P: 1.63 a.u. Wil l  thc
corttct bc r,isiblc to zutr obscrvcr cln thc Earth during its ncrarcst transit of pcrihclion'/ Lr rrtat constellation u.ill it bc?
Tltc ausivcr has to bc crplaincd br ncccssan' forntulac and nunrcrical calculations. (Notc: thc ans*cr <[a-Ycs> or
<<Ilgr-No>r has to bc rrrittcn in English or Russian.)

Occultation. \'cnus ntakcs a ccntral occultation of a star at thc tinlc of maxinrunr clongation. Pleasc find thc duration
of thc occultation. J-hc orbits of Vcnus and Earth nra-r'br: considcrcd as circular oncs.

Moon. Ycstcrdar dLrring thc obscn'ation round !'ou sa\\'thc moon. Sometimcs thcrc rvcrc no clouds. Imagine that at
thc santc tinrc thc nroon \\as obscrved bi school childrcn on rnountain Koshka (u'hich nlcans "cat" in Russian)
(branch of thc Crirttcan Astrophrsical Obscnatory'). Thc ob-jcctir''c diamcter of thc tclescopc-refractor used is
D = 8 cnt ard its focal lcngth is F = 30.1.8 cnt. Thcrc was a photographic platc in thc focal planc of the objcctiv'e .
Drarv in iictual size the inrage (with thc rnain dctails). uhich appcarcd on thc photographic plate after it had been
developcd. lhc dircction "top" in rour picturc should coincidc with thc direction "top" on thc photographic plate. All
calculations ncccssan'for the corrcct solution should bc shorw.

Cats in space. Exactlr 47 rcars ago. on Octobcr -1. l9-57. thc first artificial satcllitc of thc Earth, "Sputnik I", \.vas
launchcd Soon aftcr animals Ncnt to spacc. At first thcrc vrcrc Russian dogs, thcn American monkc,"-s... And thc
Frcnch go!'cnuncnt planncd to scnd cats into spacc. and not sin,plv onc or tw'o cats, but a rrholc crcrv of -5 cats! You
can scc thc squad of Frcnch cat astronauts (firc mcmbcrs of thc main crcrv and onc doubler (rcscn'cd astronaut)) on
thc photo. In onc of thc erpcrimcnts the cats rrerc illuminated br a strong floodlight locatcd on thc Eiffcl tor,vcr and
thc data 

"vcrc:utahzcd. 
Thc expcrimcnts rvith thc doublcr locatcd l0 km from Eiffcl towcr. havc shorvn, that each of

its eves whcn hit b,r' this flNdlight sparlCcs as a star of 7- (uhilc obsen'ed from Eiffel torvcr).
Calculatc appro.ximatch thc risiblc stcllar magnitudc of thc total constcllation of thc o'cs of thc crcr,r, if thc

satcllitc f"lics abovc Paris at an altrtudc of 250 km
Estimatc roughh'from rvhat marimum distance thc rncmbcrs of thc main crcu could dctcmtine that thc light of the

crcs of thc cat-doublcr is not simpl.. a singlc star but a binan star'J
Considcr all thc crov mcmbcrs and doublcr to bc idcntical to cach another. Thc hcieht of thc Eiffel to*'er is

h :  3 0 0  n t

Eclipse. For thc rcconstruction of historical cvents. datcs and placcs of thc past solar cclipscs arc often calculated.
Horrcl'er. thc rotation of thc Earth continuallr slous dowr ard solar cclipses takc placc nclt thcrc- lvhcrc thc-u..should
bc m agrccmcnt *,ith calcuiations on a modcl with constant rotation of the Earth rvith thc prcscnt angular rate. In
w{rat ccntun did such al cclipsc takc placc in Paris (}, = 0o. q = 4-jo) instcad of Criurca (}" = 34", g = 45")? Thc
lcngth of a dar incrcascs by 0.0016 scconds pcr 10{-) lcars duc to that rotation of thc Earth slorvs dor.vn.

Data from the .'Tablc of phnetan data" rnal bc uscd for tltc solr irrg of o en' problcm.
And the Whitc Bcar and Pcnguin are rvaiting for 1'ou on the practical round,

6.
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t . Distance betrveen galaxies. fhcrc arc about I 00 galaxics in thc clustcr of galarics in thc constcllation of Virgo. Thc
rcgion in our skr covcrcd br this clustcr is aboLrt 6x6". Thc distancc to thc clustcr is cqual to l-i NIpc. Estimatc thc
avcragc distancc bctriccn thc galarics in this clustcr.

2-3. Cornetary bodies. During an obscnation of a solar eclipsc thc obscn'crs discorcrcd t\\o conrctar] bodies in the
constcllation of Arics ncar thc solar corona at an angular distancc of c:9" from cach otlicr. Furthcr rcscarchcs havc
shoun that thcsc tuo bodics arc mov'ing along c.rqctl] 'thc saure path. at thc dctcctiou tinrc thcv *cre in thc aphclion
of thcir orbit (distancc froni thc Sun A - 8.8-i a u.), and in pcrihclion thc distancc fronr thc Sun is equal to
P : 1 . 6 3 a u .

2. \Vill thcsc bodics bc visiblc to anv obscn'cr on thc Earth during thcir ncarcst transit of pcrihclion? In ufiat
constcllation uill thcv bc? Thc ans\\'cr ltas to bc cxplaincd b-r'nccessan'fomrulac and nunrcrical calculations. (Notc.
Alls\\'cr <,{a-Ycs> or <<Hcr-No> has to bc rvrittcn in English or Russian.)

3. What ivill thus be (or vvould thus be) the angular distancc p bctrveeu thenr as sccn from thc Earth'l

4. lVloon. Ycstcrdav during the obsen'ation rourtd vou sa\\'thc moon. Somctimcs thcrc rvcrc no clouds. Imagine that at
thc sarnc tirnc thc nloon r\.as obsen'ed b1' school children on mountain Koshka (w'hich rneans "cat" in Russian)
(branch of thc Crimoan Astrophrsical Obscn,atory). Thc objectivc diamcter of thc tclcscopc-rcfractor used is
D = [J cnr and its focal length is F = 304.8 cnr. Thcrc nas a photographic platc in thc focal plane of the objectivc.
Dra* in actual sizc thc imagc (uith thc main dctails). rvhich appearcd on thc photographic platc after it had been
d*clopcd. Thc dircction ' 'top" in rour picturc should coincide u'ith thc dircction "top" on thc photographic plate. All
calculations ncccssary for thc corrcct solution should bc sho*n.

5. Cats in space. Exactlr'47 r'cars ago. on Octobcr 4. l9-57, the first artificial satcllitc of thc Earth. "Sputnik I", lvas
launchcd Soon aftcr animals ucnt to spacc At first therc *cre Russian dogs, thcn Amcrican monkcys... And thc
Frcnch gov'crruncnt plarurcd to send cats into spacc. and not simply'onc or t\\'o cats. but a rrholc crur,of -5 cats! You
can scc thc squad of Frcnch cat astronauts (filc mcmbcrs of thc main crerv and onc doublcr (rcsen'cd astronaut)) on
thc photo. In onc of thc crpcrinrcnts thc cats ricrc illurninatcd b.l' a strong floodlight locatcd on thc Eiffcl tower and
thc data wcrc analvzcd Thc c.rpcrimcnts with thc doubler located l0 km from Eiflcl toucr, havc shoun. that each of
its *'cs whcn hrt by-this floodlight sparkles as a star of 7* (w'hile obsen'ed from Eiffeltou'cr).

Calculatc appro.ximatcli thc visiblc stcllar magnitudc of the total constcllation of the cvcs of thc creiv, if thc
satcllitc flics abov'c Paris at an altitudc of 2,j0 knr.

Estimatc roughh' from uhat marimum distance thc mcmbers of the main crov could dctcrminc that the light of thc

u cs of thc catdoublcr is not simplv a singlc star but a binan' star?
Considcr alt thc cr*r, mcmbcrs and doublcr to bc idcntical to each anothcr. Thc hcight of the Eiffcl to*'cr is

h = 300 nr.

6. Eclipse. For thc rcconstruction of historical cvcnts, datcs and places of thc past solar cclipscs arc oftcn calculated.
Howcl'cr. the rotation of the Earth continuallr slous down and solar eclipses take placc not thcrc. uhcre thcy should
h,- in :rori'r-mrnr u'ith calculations on a modcl uith constant rotation of the Earth riith thr- present angular rate. ln

rrhrrt ccntun did such an eclipsc talic placc in Paris (1,: 0o, g = 45o) instcad of Crimca (l :3-l'. g:45"X The

Icngth of a dar incrcascs b1 0.0016 scconds pcr 100 r'ears duc to that rotation of the Earth slow's donr.

Datir frour thc ''Tablc of planctirn data" mar bc uscd for the solving of every problern.
And tire Whitc Bcar and Penguin arc uait.ing for 1ou in the practical round

Kpur.v. Curreu'l Sirnciz-. Cnrnea
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Theoretical round. Sketches for solutions

#ffiil Enetish
cr 1. Distancc Lre trvccn girlaries. Thc volumc for I galaq' in the cluster is l/30 of a cubic mcgaparsec. Tlte rcference lincar size of

this yolume of space is (l/30)t/r =0.322 nlc.qaparsecs. It is also thc averagc distance betueen galaxics. Horvever, the precision

up to three and even up to t\\'o significant fiErres hcre is inappropriatc Thc correct ans'rvers. "about 0.3 megaparsccs" or

"about l/3 megaparsccs".

pl. Distance bctrveen galaxies. Note at hrst. tlut the precision up to three and er-en up to two significant figures here is

inappropriate, therefore the calculations n'ill be lielded to rrithin tuo significant figures. and in the ansu'er one. figure is

pertinent onll'. The linear size of the clustcr is approximatell'equal 10 1.5 Mpc (6o is about l/10 radian. Accordingl-v the

linear size is approximatell- l0 times less than the distance to the clustcr) Thus. the volume for these 100 gala.ries is equal to

l.5r=3.4 cubic megaparsecs. So thc volurnc for I galarl in the cluster is equal to 0.034 cubic megaparsecs. The reference

linear size of this t'olurne of space is (0.03-1)1/r : 0.32 megaparsecs. It is also the average distance betu'een galaries. Since

onll- one significant digit is appropriate. the correct anslyers are: "about 0,3 megaparsecs" or "about l/3 megaparsecs".

cr2. Comet. See solution for P2.

P2. Cometary bodies. The major semi-aris of the orbit of the cometary bodies 1, 2 = (A+P)/2 = 5.21a.u. It means, according to

Kepler's Third Larv, that thel'rnake a full revolution around the Sun during T = To'(a/ao)in = 121'ears. Thus, thel'rrill be in

perihelion t=Tl2 = To.(a/ao)'o / 2 = 6 \'ears later. Therefore, the Earth at this moment will be at the same point, as during the

discovery, and the bodies - at a point opposite in ecliptic longitude. As during the discovery the bodies were in cojunction

with the Sun (or very close to this position). in the perihelion they nill be in opposition and so they can be observed. Ansrver:

Aa-Yes. They uill be in constellation opposite to Aries, that is in Libra.

P3. Cometary bodies. That the bodies are moring along the same path means. that one of them e\actl)" repeats the positions of

the other through some constant period of time. Accordingly. the distance L bet*een them is proportional to their speed.

According to Kepler's Second Lari for the positions of aphelion and perihelion V.1'A = Vp'P. Accordingly
L.r'A = Lp'P.

The angular distances as seen from the Earth:
c( = L.r / (A+l) (conjunction).

I = Lp / (P-l) (opposition).

Thus:

0  =  L o l P - l ) = L . r ' ( A / P ) / ( P - l )  =  c t ' ( A / P ) ' ( A + l ) i  ( P - 1 ) : 8 5  c r - 1 2 ' . 7 .

o3. Occultation. At the time of Venus's marimum elongation the angular velocitv of its sk'" motion is equal to the angular

velocit-v of the Sun rnotion bv the ecliptic:
a> = (2rfl) = 0.986"/dar-.

The distance / betrveen Venus and Earth at the time of maximum elongation can be calculated using Sthagoras' theorem

since the angle (Sun - Venus - Earth) is equal to 90o.
I = (r22 - ,, ')" = 103.4 mill. km

Here 11 and 12 are the radii of Venus ard the Earth orbits. respectivell'. Let's denote Venus radius by r, then its angrrlar

diameter from this distance *-ill be equal to
d  =  Z r l  l =  t . l 7 . lOa  =  2J . l ' , .

The duration of the central occultation t'ill be
t = dkt = rT/n(rzz - ,r ')t '= 9.8 minutes.

Note: numerical values for the orbit radii of Earth and Venus. radius of Venus should be taken from the Solar S1'stem data.

4. Moon. A reversed image of the uaning moon in the age of appro.rimately l9 da-vs u'ill be on the photographic plate after thc

der.elopment. Just this image shou'ld be in the solution (with the main parts oi the surtace ol the moon). There is a nega\-\re

image on the photographic plate. so the light parts of the surface of the moon have to bc drau'n dark. As it is required to drau



focal plane at the distance of 3018 mrn from the lens and the distance between the
focal plane ofthe objective. So from the draln triangle lve have:

d = p'F,

but B should be in radians (that is, non-dirncnsional values):
d = 3 l '  ' r l  (180'60) '  .  3048 mm = 27.5 mm.

Tlte hgure should be approximately'such as:

points is the diameter of the image in the

Cats in sp:tcc. The light frorn the floodlight reflected from the cat's e)€s reaches an obsen'er. The florv of light fiom the
floodlight falling in the cat's eve is inverseh'proportional to the square of the distance fronr the floodlight to the cat (-R2),
the flon' of light from the cat's e)'e to the obsen er is also inverseb- proportional to the square of the distance to it 1-R2;. Thus,
the flow'of light returning to the obsener afler reflection at the cat's e1'es. is proportional to R{. Taking into account that the
constellation "the creu' of the cats" consists of l0 eves. and the "laboratory experiment" is conducted nith one eye, we receive
a diflerence in flous.

Icllo = l0'(10/250)'r : rc1251= l0-3'2.5-1.
In stellar magnitudcs it is

3 ' 2 ' . 5 + - l ' l - :  l l ' . 5 .
Thus. risible frorn the Ei{Iel tou'er the total stellar magnitude of the crew eycs is

7 ' + l l - . 5 = 1 8 - . 5 .
Rougltly the distance betrvcen the cats' ey'es is equal to 5 cm. and resolving power of the eles may'be twice better than human
one, 30 ". The distance from rvhich 5 cm are lisible as 30" is equal to

0,05 m x 206265 / 30 = 350 m.
The cats-astronauts quite can see a binarJ- star of e1'es of the doubler from such a distance. The right anslver for the estimation
is: from 200 to -500 meters.

Eclipse. The mechanical analog-v- for the process is a race of trvo trains. One of them moves with a constant velocir;* (moling
without dcceleration- hlpothetical Earth). and the second one - with the constant acceleration "a" (as the real Earth). If the
trains came to one point with identical speeds, and the acceleration of the second train is equal "a", in the past (time t ago)
thed i s tancebe tween themu 'asS=a( /2 .Theana logo fs inou rcase i sA l "=360o -31o=326"o r3 - t / 360 :0 .906 re lo lu t i ons
of the planet. (ln the opposite case AL = 3-lo or 3+/360 = 0.09-l revolutions of the planet.) lf S will be used in connection with
revolutions of the planet (i.e. in days). and time is given in years, a=0.0016sec/(day'l0Oy'ears) should be in units
day/yrsz. Evidently for this purpose it is required to diride it bv the number of seconds in a day and to multipll' rvith the
number ofdays in one year:

a = 0.0016 sec / (l day' 100 )rs) = (1.6 10r.365.24)/(100.86400) day/yrs2 = 6.?6.10 8 day/yrs2.
Norv we easily find the time, for rvhich the di-fference 0.906 revolutions w-ill be accumulated:

1 = 1ZS/a)tz = (0.189 day | 6.76.103 da.v/,r:rs2;rz = 5180 years, the 32-th cennrry B.C.
(For the case Ai" : 3-lo t -- (2Sla)rn: (0.lS9 dat / 6.76.10-8 da_r-lyrst;ra = L670 years, the fourth centurv.)

Ansrver: in the 32-th century- B.C. (in the fourth century').

Anolher v,av of niddle part of the solution. If S *ill be used in degrees (i.e. in units of l/360 revolution of the planet =

l/360 day). and time is given in years, a=0.0016sec/(dav' l00years) should be in units degree&rs2. Evidentl-v- for this
purpose it is required to diride it by the number of seconds for one degree of the Earrh rotation and to multiply' with the
number of da_v"s in one vear:

a = 0.0016 sec/  ( l  day.  l00yrs)  = (1.6.10 r . :OS.Z+;4t00.2_10).  /yrs2 = 2.43.10-s o / - r rsz.
Norv we easily find the time, for which the difference 326' uill be accumulated:

t= (2sh)w = (652" I Z 43.10-t " ryrst)ru = 5180 years.
(For  thecaseAi= 3. [o t= 12S/a) t2:168 "  12.13-10-5 oh ' rs2)u = l670years. )

* l

r l :

6.

Kprnr. Currenr 200-t Simeiz, Crimea
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7. Sun. You have a sketch of sunspots for the days from January l0 to January 24,2000. For each
day determine the number of sunspots f and the number of groups of sunspots g, visible on this
day on the solar disc. Using these data define Wolf s number and put the results into the table:

Using the obtained results plot a gaph of relation of Wolf s number as a function of date.
Note: Julian date for today is z+itzss. 6' 

-il 
4 Oe/(€L JE g/

8. Sunrise. The White Bear and Penguin (whom was already met in the texts of the VII and VIII
International Astronomy Olympiads) decided to meet each other. For this purpose they arrived to
Crimea a few days before the IX Olympiad and they decided to observe sunrise at the day of the
autumnal equinox. <l shall go to the Eastern point of Crimea and see the sunrise before others>>, -

the Penguin has said. <No, I shall see the surise earlier, because I'll climb to the highest
mountain in Crimea - Roman-Kostu>, - the Bear parried. Who is right? On how many minutes or
seconds earlier will he see the sunrise? Make a table with all data, which you have found or
recollected and used in solving the problem. The solution has to include a picture with an image
of the Bear on the mountain Roman-Kosh and the Penguin at the coast of the Kerch channel; the
necessary linear or angular sizes should be in the picture. Assume that the Earth is spherical.
Recollect for yourself the necessary information about the \\rtrite Bear and the Penguin.
A map of Crimea is attached.
Note: the answer <<MeAseas / Bear>> or <<ffnHrBHH / Penguin> has to be written in English or
Russian.)

KDrnr. Cnuexs Simeiz- Crimea
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IX Mex4ynapoA Has acrpoHoMurrecKaff  oJruMnH a1a

IX Internat ional Astronomy Olympiad

Kprnr, CHrrent I - 9. X. 200-l Simeiz, Crimea

Terncsr perueunfi 3aAaq rpaKTrrqecrcoro rypa
Practical round. Sketches for solutions

fi3bIK Enslishlanguage
g3bII( Pvccxuitlanguage

Group A

7. Sun. Co.nuqe.

W : k ' ( l 0 g + f 1  k = l

Ie Date Julian date
Number of Wolfs number

wspots f groups s,

Ne ilana Ioluascxax.{ara
9r.rclo 9xcro BoruSa

wnqreH f rpyrrn g
I

I 10.01.2000 24s1554 25 75
2 12.01.2000 245t556 54 9 t44
a
J 14.0I.2000 245t558 40 l2 160
4 16.01.2000 245ts60 48 il 158
5 18.01.2000 245ts62 38 9 t28
6 20.0t.2400 2451564 20 7 90

22.0t.2000 245ts66 l 4 .7
84

8 24.0t.2000 245t568 l 6 7 86

180

160

140

120

100

80

60+

40

20

0
51560

JD

51 57051550 51  556 51 565

Kprnr. Culrenr Sirneiz. Cnmqr200-t



IX MexgyHapoAHaf l  acrpoHoMHrrecxarr  oJrHMnHaAa

IX Internat ional Astronomy Olympiart

Kprrtr. Clrrreul

3agaqn flpaxTrrrrecKoro rypa

i imeiz, Crinrca

Practical round. Problems to solve

I - 9. X. 2001

Group p

7. Stars. Attached is a table u,ith some data about br-ieht stars in our skv.

7.1.Using these data calculate for each star. the absolute stellar magnitude (NI) and the projection of
the distance from the Sun on the plane of the galactic equator (R) Fill the results into the table:

Name of
the star

Absolute
stel lar

magnitude

Project ion on the plane of  the galact ic
equator of the distance from the Sun

to the star (in l isht vears)
J\e Star NT R
I

Arrange the stars in the table in order of decreasing absolute stellar magnitude.

7.2.For the stars with R not larger than 50 light years draw in your copybook positions of the nearest
stars in projection to a plane of galactic equator in scale 1 cm - 10 light years. The sizes of the
circles have to be NI dependent (see fig under the table given). 0o direction of galactic longitude
has to be horizontally to the .ight. Mark the stars r.r,ith the numbers given in the table of
condi t ions for  the problem.

8. Sunrise. The White Bear and Penguin (whom was already met in the texts of the VII and VIII
International Astronomy Olympiads) decided to meet eacli other. For this purpose they arrived to
Crimea a few days before the IX Olympiad and they decided to observe sunrise at the day of the
autumnal equinox. <l shall go to the Eastern point of Crimea and see the sunrise before others>, -

the Penguin has said. <No, I shall see the sunrise earlier, because I'll climb to the highest
mountain in Crimea - Roman-Kosh>>, - the Bear parried. Who is right? On how many minutes or
seconds earlier will he see the sunrise? N{ake a table r,vith all data, which you have found or
recollected and used in solving the problem. The solution has to include a picture w-ith an irnage
of the Bear on the mountain Roman-Kosh and the Penguin at the coast of the Kerch channel. the
necessary linear or ang;r,rlar sizes should be in the picfure. Assume that the Earth is spherical
Recollect for yourself the necessary information about the White Bear and the Penguin.
A map of Crimea is anached.
(Note: the answer <Nleaee.qs / Bear>> or <<fInHrBHH / Penguin>> has to be written in English or
Russian.) ,

Kprru. Cnrreu'r 200-t Sirneiz- Crirncrt



IX i \ {exgyHapoAIIa l  acrpol roMr l r recKarr  oJrHMrrHaAa

IX Internat ional Astronomy Olympiad

I iprrrr, Clrrreirl r - 9. x. 2001

Practical round. Table for problem 7 to solve
Ta6.nlrqa ri 3aAarrc 7 rrpaxlrrqecrcoro rypa

Group p

. .  a  OO
r n l  r l t l  . n l
I  - l  - J

Sinrciz, Crimca

r3Lrri Enelishlanguagc
tSblri Pvcu<uitlanguagc

Nanre  o f
the  s ta r

Para l l ax
(a rcsec.)

Yis ib le
s te l la  r

magn i tude

Galac t ic
Iong i tude
(desrees)

Galac t ic  la t i tude
(degrees)

H a:saHlre
3Be3AbI

f lapannarc
(1'rn.cen.)

BuArr.rraq
es6:AHarr
B C J I I I q I I H A

faf laKruqecKarr

AOJTTOTa
(rnanvcsr)

farannr.recNaq
ruHpOTa

(roaavcsr)

.tu Star P n'l I b
i s CN{a 0.376 -1.46 227 -9
.)
z- a Car 0.018 -0.72 261 -25

3 a Cen 0.751 -0,27 316 +1
4 a Boo 0.009 -0.04 15 +69
5 sLw 0.123 +0.03 67 +19
6 cr Aur 0.073 +0.08 r63 +5

B Ori 0.003 +0.72 209 -25
8 u CMi 0.288 +0.3 8 214 +13
9 ct Eri 0.032 +0.46 291 -59

l 0 a Ori 0.005 +0.50 200 -9

l l B Cen 0.016 +0.61 312 +l
t2 s Aql 0.198 +0.77 48 -9

l 3 a Tau 0.048 +0.85 181 -20

l 4 a Cru 0.008 +0.87 300 0
l 5 a Sco 0.019 +0.96 352 +15
a /
t o r1 Vir 0.02 r +0.98 316 +51

t l B Gem 0.093 +1.14 r92 +23

l 8 a PsA 0.144 +1.16 20 - 6 5

t9 a Cys 0.004 +1.25 84 +2
20 0 Cru 0.007 +1.25 302 +3

2 l cr Leo 0.039 + 1 .35 226 +49

N p s r r r .  C t t r t c t t  l 2()()-l Sinrc iz .  Cr i t r tc l t



Mex4yHapoAHas acrpoHoMnqecrcaq oruMtIHa1a

IX Internat ional Astronomy Olympiad

Kprr,rr, Ca,rren: I - 9. X. 200-r Simeiz, Crimea

Tegncsr peruenufi 3aAaq nparffr{qecKoro rypa

Practical round. Sketches for solutions
C3bIK Enslishlansuage
tr3bTX Pvccxuitlanguage

Group B

7. Stars. 3n€rarr.
7 .1 .

7.2. See figure. Cr"r. tePrex

Name of the
star

Absolute
stellar

masnitude

Projection on the plane of the galactic
equator of the distance from the Sun

to the star (in lieht vears)

fla:saHne
3Be3Abr

A6corrcruan
rsdrlHas

BCJHTTHHA

Ilpoercqnc paccroflHns or ConHua Ha

nJrocKocTb raJaKTHqecKoro 3r(Baropa
(cneronux.ner)

.llb Star M R (two digits - ABe 3Haqaurue qHdpu)

I B Ori -7-49 980
) o. Ori -6.01 640
3 o Cvs -5,74 810
4 q, Boo -5.26 r30
5 aCru -4,61 410

6 BCru -4 5) 470
I a Car -4.44 r49
8 B Cen -3.37 204
9 a Sco -2.65 166

l 0 o Vir -2.41 98
l t o Eri -2.01 52
t2 a Tau -0.74 64

l 3 a Leo -0.69 ) )

t4 o Aur -0.60 44

t5 o Lyr 0,47 25
l 6 B Gem 0.98 1 a

) L

t7 a CMa 1 .41 8.3
18 a PsA 1,95 9,6
19 a Aql ) )s 16.3

20 o CN{i 2.68 I  1 , 0
a l o, Cen 4.  t0 4 1

Kprnr. Cn-rreut Simeiz. Crimea200.1
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MexayHapoAHaf l  acrpoHoMnqecKaf l  oJrHMrrr raAa

IX Internat ional Astronomy Olympiad

Kpsnr. Currexr I - 9. X. 200-l Sirneiz. Crimca

Terncur peureHrrri :aAaq rpaKTrrrrecnoro rypa
Practical round. Sketches for solutions

, Enelish
Groups a p

8. Sunrise. Following is the tert in Russian, the solution should be easily understand from the
formulae.

Bocxol. .{eficrsxreJrbHo, pacc1"rxJIeHHfl Ka;KAofo H3 xHBorHbx Jrornr{Hbr. flpnnelr 3a Haqiuo
orcqera ror NIoNIeHT BpeilIeHH, n roropsrfi npoasoru€n 6u RocxoA Connqa B Toqxe c
KoopAHHaraNrH BepuxHbr roprr Polrau-Kou Ha ),?oBHe ruopfl.

,[aHuste, HcnoJrb3oBaHHble npH perxeHna 3aAatrn:

PaAlryc 3eunu R:6371  x r l
Bucora cauofi esrcorcofi roprr Kpurvra (PouaH-Koru) hnx :  1545 u
,{onrora calrofi nrrcoxofi roprr Kpurua (PortraH-Koru), rro Kapre IAO-04 Lo: 34"21'  s.A.
Lllnpora cauoir nrrcoxofi roprr Kprnra (Pouarr-Koru), no Kapre IAO-04 Qs:44o36 ' c . t u .
lonrora cauoft socroqnofi ToqKH Kpsrua
(lmrc @oHapr Ha 6epery KepveHcroro rpoJrtrBa), no Kapre tAO-04 Lp :  36 '40 'e .A .

[LL.rpora calrofi socroqHofi roqKx Kprma
(urrc OoHaps na 6epery Kepuencroro nponaBa), no Kapre IAO-04

qp: 45"26' c.ru.

Yrnonar c Kopocrb clroLrHoro cr{Holpmec Koro Bpaqesu.s 3elr,.m cD : l o l 4un r t
Bnrcora ypoBrur rnas NIeABeAT HaA ypoBHeN{ noBepxHocrx,
Ha KoroDoft oH croar hs :2  u

Bsrcora )?oBFUr rrta: fInrrBHHa HaA )?oBHeNr roBepxHocru,
Ha Koropoft oH crour

hp :1u

flocrcolrry Aeno fipoucxo,u{T B AeHb oceHHero paBHoAeHcrBrrr, rmwdA TepMuHaropa rrpoxotrrr
no N{epnr[Hatry w MoNreHTbI BocxoAa con]rqa He 3aBxcflr or ruaporbr lrecrHocru. 

'farru 
o6pa:olr,

[ocKonbKy IIHHTnHH HaxoplTc{ Ha A}"p : )o 19' BocroqHee no Aolnore, qeur sa6mo.qarenr
<Ponag-Korrr Ha ypoBHe rvropn), oH yBHAHT BocxoA paHrrrre Ha BpeNrfl

t p=A) ,p /o ,

rAe rrr : lo I 4 uas - yrnoBafl cKopocrb cyroLrHoro cHHoAuqecKoro Bparrlenar 3etrlH.
tP = 9*'o l6t.

MeAeeAs )Ke pemHn BocnoJlb3oBar6cf, a$$errorur noHH)r(eHHr $a:auecroro fopH3oHTa,
sa6panu-rucb Ha ropy PoruraH-Kout, Bbtcora xoropofr cornacHo r(apre paBHa l-545 rvr. flouuxerrae

Sxrnvecrcoro ropn3oHTa MoxHo BbtqHcJTHTb rro Sopruryne
Ac( : arccos(R/(R+h)) = 11R+h)2 - Rz;r'2lR = (2UR)t/2 1s paluauax).



pa:lMepaMn MeABeAs (h = hnx) MeABeAt Anx rope Pouan-Kour h : 1545 lr H noruHxeHr.re
ropH3oHTa cocTaBffreT oKoJro

Acrs = Q'1545 u I 6371000 rnr)1/2 = 0,A22pfrA: 1o16'.
([axe ecnu )rqecrb pa3Nreprr Me4seAt, BcraBr]rero Ha 3aAHHe Jran6r Ha rope PoltaH-Kou,
h : hnx + hB: 1547 v, roHrDKeHHe ropg3ogra sce paBno cocraBJrrer oxolo 1"16'

Acrj = (2'1547 nr / 6371000 nr)1/2 = 0,022 pfl .q: 1o16').
Taxnlt o6pa:ou, B ToT lvtolvteHT, KorAa MeAaeAs yBa,qar BocxoA, n-rrs Hd6moAarenr <PouaH-Konr
Ha ypoBne Lropfl)) Connue eue s 1"16' Hplxe. Ha rrrgpore oKono es:44"36' 4Jrx 4ocrq)KeH'rr
rotIKH BocxoAa ColHqe AoJrir(Ho npofirn no He6y nyTb B 9n : Acrs / cos<ps = Io46,. Bpeux, la
Koropoe Conuqe npofi4€r 3ror rryrb, paBno

ts : Acrs / (cos<ps . <rl),
tB = 7"o04'.

TaxNrr o6pasoivr, |IHIITSHH yBuIut paccBer paHbrue Meree[fl Ha BpeM.rr
tr - tB : (Alr' - Acrs/cosg) / co = 2"o l)' .

PeQpaxrrnt Ha orBer He BJIHter, TaK KaK oAnHaxono npa6[H)Kaer BocxoA xax IImrBHHy, TaK H
MeaseAro.
Answer-OrBer: flnHrsrrFr-Penguin, Ha 2 lrun.y-rst 12 ceKyHA paHbrxe.

CnpaneanHBocrH p&.(H, BbrqHcJTHNr $$err or noHu)r(eHHfl ropu3oHTa 4nx flnnrsp{Ha nsrcorofi
I ru:

Acrp = (2'1 u I 6371000 in)12 = 5,6.10-{ paA = 1,9'.
Taxsrrr o6pasolr, auaJrornrrHo paccpr(AeHrrru c MeAeeAeil,r, Ha rxnpore rpp : 45026',

0p: Acrp / cos<Pp = 2,7'.
Bpeua, 3a Koropoe ColHqe npoftger 3Tor nlirb, paBHo

tp1 : Acrp i (cos<pp . c'r),
tPt = I 1''

B arou cnf{ae noq^{aeM, vto fluHrBHH yBHAHT paccBer panbrtre Meare,qs Ha BpeNrt
tp * tpr - tB : (Al.n + Aap/cos<pp - Acrp/s65g) / cl= 2'o47'.

H answer-orBer: flHHrsr.rrr-Penguin, 2 Nrmlyrsr 23 cery-n4br paHbrxe.

Kprnr, Cn-ueur 200-r Simeiz, Crimea



IX Mex4yHapoArraf l  acrpoHoMr{qecKas oJr} rMrr l taAa

IX Internat ional Astronomy Olympiad

Kprnr, Clrrreu3

3aAaqu rtpaxTllrrecroro rypa

Sineiz. Crinrca

Practical round. Problems to solve

I - 9. X. 200-r

'{1I-IK I n

;:- rvccKuu
Group a

7. ConHqe. flepe4 Bartu 3apHcoBr(H coJrHerrHbrx nrrerr 3a nepiloA c l0 no 24 xnzapn 2000 ro.qa.
fllx xaxcgoro A]uI onpeAenuTe q]Icro rrrrer{ f u vucro rpynn nrreH g, BHAHNrbrx B oror AeHb Ha
coJIHerIHotrI AHcKe. IIo grunt AaHHbrr\,r oilpeAeJruTe qncro.Bonn$a H 3aHecHTe Bce nonyqeHHbre
AaHHbre n ra6luuy:

flo nony^leHltl;INl pe3yrbrarall nocrpofire rpadrur( 3aBucur\rocrH rrucrra Bonl$a or Aarbr.
IOruaHcrafl.l.ara Arrr ceroAHsruHero AHr - 2453285.

8. Bocxoq. Eennrfi MeAseAL rl llptHrsllu (re, rrro yx(e BcrperlaJrqcb B ycnoBgax VII vt VIII
Mex<AynapoAHbrx acrpollorrnrlecKnx onr.rnrnxa4) penr{nn Bcrperrrrrcrr Apyr c ApyroNr. ,{.un ororo
oHH npHex€LJII{ B Kprnr 3a HecKoJlrxo 4refi .qo IX Ori.nrnua4br H petunnn npoHa6JnoAarb BocxoA
Comrua B AeHb oceHHero paBHoAeHcrBHr. <-fl noely Ha carvryro BocroqHyro rorrKy Kprrrrra n
yBHlKy BocxoA paHbllre Bcero)), - cl(a3aJr flnnrnns, <<Her, r paHb[re yBHx$/ Bocxor, noro]\ry lrro
ea6epycs Ha calryro BblcoKyro ropy B Kpunry - Pouan-Korr)), - napupoBan MeAeerb. Kro u: ur.lx
npan? Ha cxonrxo IuHHyr HrH ceKyHA paHbrrre oH yBHAHT rocxo,q? Bunr'rluure n ra6lHuy Bce
AaH[IbIe, Koropble Brt sarunr v.ru Bcnorrr{HJTH H Hcnorlb3oBaJrH npu perueHurr 3araqn. Peurenae
conpoBoAure pr{cyHKoNI c MeAseAerr Ha rope PonaH-Koru H fluHrsuHon Ha 6epery
Kep.reHcxoro qpoJIHBa, Ha pHcyHKe AoJrlr(Hbr 6rrrr )txa3aHbr Heo6xoAr.rNrbre rrnHeftnrre urn
yrnoBbre pa3Nrepbr. @oprry 3errnu cqaTarb c$epnvecrcofi. Heo6xoAuNrbre cBeAeHrur o Eenorr
MeAneAe H llnursuHe Bc[ouHHre calru.
B Baruelr pacnoprx(eHxu Kapra Kpr,rlra.
(IIpNrueuaHHe: orBer <MeAeeAb / Bear> urn <fIlrHrBHH / Penguin)) AoJrx(eH 6rrrl rranacaH no-
pyccKu LIJrH no-aHrnLrfi crur. )

Kprnr. Curreul Sinreiz. Crirnea



IX Mex4yHapoAHaff  acrpo.HoMr{qecKaf l  oJrr {Mrrr {aAa

IX I  n ternat ional  Astronomy Olym piad

Kpu:rr.  Ctt lrcl l ' t

3aAaqu r lpaKlu rrecKoro'rypa

Group B
7. lndrasr. Bav ,laua ra6.rrurta

( np urrarae'rcr ).

7. l .Vcxol l f l  H3 raqHr, rx  la6 lnqu,

(M) u npoeKuHro paccroflHHfl

. rurq HHX'ra6nnuy c AaHHbTMH:

I  -  9.  X. 2(X)+ Sintciz.. Crirttca

Practical round. Problems to solve

c HeKo'r 'opbrMH xapalcrepncTHr(aMH praa rpKHX :ne:a Haruero neba

Bbr.rHcJrHTe AJrr Ka)KAofi saes4sr. a6co.rrtorrrylo :ree:rArryro BeJrt4rnltty

or Coruua Ha nnocKocrb raJrarf fHqecKoro 3KBaropa (R).  f loc'rpoi i rc

Ha lnaHne
SBe3Abl

A6co.lrrcrnas
rntrAHaq

llpoerqnn paccroflHuq or Cofluua Ha
nJrocKocTb raJrAKTII rrecKoro 3 KBaropR

(cserosrrx ner)BCJI}TI IHHA

l

Star

3edrar,r pacnoJro)r(H're B noprarce y6ur naHnn a6colrolHoil  :e€slHofi BerH,rHur,r

7.2.lJrna:ne:l c R He 6oree 50 cneroebrx rer, s Naacura6e s I cm - 10 cBeroBbrx.ner. u:o6pa3n're B
TerpaAH pacnoJrox(eune 6rn>rcafiruux snesl B npoeKqnH Ha nJrocKocrb rzlJraKTn(recKoro SKnurr()pa.
Pasvepur Kpyx(KoB - B coorBercrBnH c M (ct*r. pHcyHor( noA ra6nuuefi, npularaeuofi rc ycroaurc).
HanpanreHne 0o faraKTHqecrcofi Aorrorbr HanpaBbre no ropn3oHTarH BnpaBo. O6olnaqrre 3Be3.itbl
I{oMepaMH Hs AnHHofi B ycJroBr.rH ra6lnuu.

8. Bocxo,q. Eenurfi Meaeelr H fluHrsHH (re, qro pr(e BcrpeqanHcb B yonoBHrx VII u VIll
Me)KAyHapoAHbrx acrpoHoMHrrecKHX oJrHMnHaA) peurr.r"rru BcrpernTbcn Apyr c ApyroM. /!rr :'roro oHu
npuexanH n Kprrrr,t  3a HecKonbrco AHeil Ao IX OnnvnuaAbr H peuuan npona6nnAarb Bocxo/l ( 'o.rrnrla

B AeHb oceHHero paBHoAeHcrBHr. <Il noeay Ha caMylo Bocror.rHyro roqKy Kpurrnra H ytsH)rg/ BocxoA
paHbIUe Bcero)), - cKa3alr flHHrsHu. <Hsr, q paHbue yBHxry BocxoA, noroMy u'ro ra6epycb na caNryro
BbrcoKyro ropy B Kplrvy>, - napnpoBan MeLae.(s. Kro H3 HHX npan? Ha crcolsro MHHyr HnH ccKyHA
paHbue oH yBHALtr socxo.q? Bulnuurure n ra6ruuy Bce AaHHbre, Koropbre Brr nauln HJrH BcnoMHHJTH
H HCnOJIL3OBaflH npn pelxertr 3A,n.aqu. Peurenue conpoBoAr{Te pHcyHKoM c Me.qselervt Ha rope
PorraaH-Kou H I-lHHrsr,tHoM Ha 6epery KepueHcrcoro nponHB4 Ha pHcyHKe AoJr)r(Hbr 6urrr, yra:aHrr
ueo6xoruavrte nnHeilHste HilH yrJloBbre piBMepbr. <Dopr',ry 3eMnr.r cqr{Tarb cSepra,recrcoil.
Heo6xoauvbre cBeAeHus o Eerov Me.qseae H flnursNFre BcnoMHHTe caMH.
B Baurer"r pacnopqxeHnH Kapra Kpuva.
(llpurveuanHe: orBer <MeAeeAb / Bean> ulu <IIuHTBHH / Pengrrin> .qon)r(eH 6urr nanncaH no-
pyccr(H HJrH no-aHrtwficrcu.)

200-tKprnr. CN:nenr Sirneiz. Crirnca



IX Internat ional  Astronomy Ol,vmpiad
IX t} IexgyHapoAHafl  acrpoHoMr{qecKaf l  oJruMrHaAa

Sirneiz. Crinrea

Obsen'ational round. Problems

I - 9. X. 2001 Kprnr. Clnreur

3aAa.r lr H a 6,r rolareJr[, H o ro rj-p a

,I]bIK Enelisltlanguagc
t3bIi{ pyc=c_Kuu

languagc

I
I
I
I

Groups a, B

Enslislt

1..1. The latitude of the region rvhere the
Olympiad is taking place is 45o North.
Contour by your hand the circumpolar
region of the sky.

1.2. Indicate (by hand) the circumpolar
constellations and say their Latin names.

(6p)

Tests 2-3 were canceled due to clouds

Determine the angular distance between the
stars listed below and write the answers on
the map between each pair of stars:
cr Cyg and B Cyg.
B Dra and y Dra.
u Lyr and a Aql.
You have a sky map of the necessary region.

(3 '2p :6p)

3. Find the stellar magnitudes of the given stars
using data about comparing stars and write
the answers on the map.

3. i. r Cas (stals of comparing:
<p Cas : 5,0* and B Cas = 2,3*).

6 Cyg (cr Cyg: 1,3* and rp Cyg: 4,7^).
n Her (cr Lyr: 0* and <p Her :4,2^).

13 Cep (cr Cas : 2,2^ and p Cep : 4,1*).
You hav'e a sky map of the necessary' region.

4 .2p :8

Pvccxuit

1.1. 3rrax, rrro mrpora NlecrHocrr.r, r.le
npoBoAHTcs Onr-rlrnlraAa, paBHa 45" c.nr.,
oqeprHre pyKofr He3axo/tsntuo o6;racrs
He6a.

1.2. Yxaixr.rre He3axo.{flrrlue co3Be3wlu_ u
HA3OBHTC I{X JTATHHCKHC HA3BAHHf,.

(6 6ariron)

3arauus. 2 -3 6r,nw orMe He Hbr H3-3a o6,ra qHoctr.

2. Onpc.lerrHTe yrnoBbre paccrorHlre Me;Kf\'
:a€t.{anu fi HanutriaTe orBeT Ha Kapre
ilre)KIv ts€gAarvrn ra;xlofi napbr.

2. I .uC)y 'gnFCyg 2?^"
22, f \DraayDra.  l "
3.3. a l.yl n ,r Aql. 3? "

Kapra .uanHofi o6,racrn He6a npNnaraercfl .
(3'2 6wna: 6 6auor)

3. Llcrrc.i-mryx ss€s.sr cpaBHeHHfi, orrpereJTaTe
cs€:LHylo BeirHr[IHy ss€:l u Harmuture Hx
Ha Kapre. ,, ,0, , :,3.1. r Cas (:s€sAbr cpaBrreFrru{ . , '

<p Cas :  5,0 '  a p Cas :2,3^).

3 .2 .  6  Cy 'g  (o  Cyg :  1 ,3 'H e  Cyg :  4 ,7*1 .2 . t
3.3. r Her (u l-yr =. 0* H p Her : 4,2^). -r..,
3.4.  B Cep (cr  Cas :2,2n'H pL Cep :  4,1" ' ) .  ?

Kapra :aHHor-{ o5;racrx He6a npnr ururrd.'
(4'2 Sanna: 8 6a,rnon)
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Simeiz. Crimea Kprnr. Cnren'r
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