
Group Competition: Instructions

o F-or this rourrd, the participants will be groupecl by rartclorrr selection irrto S-person teatlts,

each representing a named asteroid. Each participant in the group will be from a different
country. The selection will take place near the bcginrrirrg of the IOAA, so that the tearn

rnernbers carr get to know each other.

o Please rernernber the narne ancl rnrrrrber of your asteroid, ns this will also be usccl to iclerttify
your place durirrg the Planetariurn ancl Obscrvatiorr rouncls.

o The group cornpetitiorr consists of sevcral tasks, which yori will receive in a seaiecl err.velopc.

Each tearn works together at orre table urrder the supervisiorr of the guides to solve the
tasks. You are not allowecl to cornrrrunicate witir pnrticiparrts frorn other tcarns during th.e

round.

o Dedicated answer sheets are provided for writing your answers. Enter the final answers
irrto the appropriate boxes in the arrswer sheet (rnarkecl A).

o Open tire erivelopes on the START sigual given by the juclges. Time is rneasuled frorn this
moment; the winning team will be the one which finishes in the shortest total time, after
arry tirrre penalties (for exanrple for incolrcct or rnissirrg answers) are appliccl. The tirrrc
perraltes are explained in each task.

e \,Vhcn you have solvecl all the problerns, hancl your arrswcr sheets to the guicle, r,vho will
rioLe the total tirne.

o Thc rrraxirnurn tirne available for the rourrcl is 90 rrrirrutes. After this tirrre any leurairrirrg
il.nswer shects should be harrdecl in.

o The cornpleted alrswer slteets will then be rnarhecl by the jury, who will apply tinre penalties
as appropriate. 'Ihe winrririg tearn wili be announced at the closirrg cerelrrouy.

o Everything you need will be provided on the table (calculator, office supplies, geometrical
irrstrurnerrts) paper) tablc of constants).

o For one of the tasks, all the screens in the roorn will sirnultarreously display a vidco at a
specified tirne (the video will be rcpeated several tinres).
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Group Competition 1: tCrossword'

lbr each row of the table irr the arrswer slieet, rvrite irr the tliree-letter IAU abbreviatiorr of the

constellation corresponding to the symbol. Your final answer is formed by the vertical column

outlirred irr bold,

Flint: Mercator-projection sky utap of constellatious urarhed with syrnbols, below.

Penalties: enrpty space or wrollg corrstellatiott: t1 tnirmte
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Crossword - Answer Sheet
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Group Competition 2: 'Reply to Arecibo Message'

During IOAA 2023, a reply to the message sent by the Arecibo radio telescope in 1974 finally
reached Earth. A video recording of the transrnission will bc playccl orr thc rnorritors cluring the
round. Dccode the trarrsrrrission ancl write the hiclderr rrressage on the answer sheet.

Tlte recording will begin playirrg 30 rnirrutes after the start of the cornpctition, anci play contin-
uously in a ioop for a total of 30 rninutes.

Penalties: rnissing or incorrect arrswer: t15 rninutes

Solution

Writirrg out th.e two colors irr orcler arr.cl tratrsposirrg to a 5x13 grid, we get:

I I I I
I I I ! r r

I I I I I I I
I I I I I I I I I
I I I I I I
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Group Competition 3: 'Mars loop'

(a) On the providecl graph paper, plot the X arrcl Y positiorrs of Earth ancl Nlars in the
hcliocentric systerri over tirne using the dilta, frorrr the table, arrcl draw vectors corrrrcctirig
the corresporrdirrg positions of Earth arrd Mars orr each day.

(b) Using a ruLer and set square, translate each vector to a, cornrnorr. origirr. while preservirrg
their Iengths arrd clirections. Conrrcct the cnds of thc trarmlatecl vectors with a curve
represerrting the position of Mars in the geocentric systern.

(c) Flom the piot, read off the minimal Earth-Mars distance, the duration of retrograde
rrtotion and tlte angle by which Mars rnoves backwarcls. Give your arrswers orr the answer
sheet.

Penalties: rnissing or incorrect clrawing for part (b) +10 rninutes; rnissing or out of range
answers: *5 nrirrutes for each part.

Heliocerrtric Equatorial Positiorr.s

EARTH MARS
Date X [aul Y Jaul X Jaul Y laul
2022 Sep 0l
2022 Sep 7l
2022 Sep 2l
2022 Oct 0l
2022 Oct 1l

0.9375

0.9846
1.0033

0.9928
0.9530

-0.343r
-0.1928
-0.0370

0.1 198

0.273t

1.3235

t.2724
t.2082
I,I32O
7,0448

0.4704
0.5972
O,7I7B
0.8312
0.9366

2022 Oct 2l
2022 Oct 3l
2022 Nov 10

2022 Nov 20

2022 Nov 30

0.8850
0.7905
0.6722

0.5336
0.3785

0.4184
0.5512
0.6673
0.7631
0.8356

0.9477

0.8417
0.7282
0.6082
0.4830

1.0331
1.1200
Lt967
1.2630
1.3184

2022 Dec l0
2022 Dec 2O

2022 Dec 30

2023 Jan 09
2023 Ja:n 19

0.2tL9
0.0387

-0.1357
-0.3058
-0.4665

0.8824

0.9020
0.8936

0.8574
0.7947

0.3537

0.22t6
0.0877

-0.0468

-0.1810

1.3628
1.3960

l.4tB2
r.4294
1.4297

2023 Jan29
2023 Feb 0B

2023 Feb 18

2023 Feb 28

2023 Mar 10

-0.6128

-0.740r
-0.8447
-0.9234
-0.9740

0.7073
0.5981
0.4705
0.3284
0.1765

-0.3139

-0.4445
-0.5719

-0.6954
-0.8140

r.4194
1.3988
1.3682

1.3280
r.2787

2023 Mar 20

2023 Mar 30

2023 Apr 09

2023 Apr 19

2023 Apr 29

-0.9954
-0.9868

-0.9491
-0.8835

-0.7920

0.0191
-0.1387
-0.2925
-0.4377
-0.5702

-0.9272
-1.0341
-t.t342
-t.2268
-1.3115

7.2207
t,L545
1.0807

0.9998
0.9724
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Solution

(a) Minimal distance of Mars: 0.55 au (0.53 - 0.57)

(b) Duration of retrograde motion: 31 Oct - 9 Jan : 70 + 10 clays

(c) Angular size of loop: 17o * 5o
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Group Competition 4: 'Southern Pole Star'

On the rnap of the southern sky irr the arrswer sheet, draw tiie southertt precession circle tr,ricl

deterrriirre the year, nearest to tlie prescnt clate, in which the star d' Vclorurn will becotr.e the
southerrr pole star as a result of precessiorr.

Penalties: rrrissing or incorrect auswer *10 rrririutes

-\-

.-,'^^g1^: "
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Solution

Angle: 101"

Arrswer: 2000 + 25765 x 101'/360' - 9228 AD (9200 + 200)

7
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Group Competition 5: 'Astrolabe'
An astrolabe helps you deterrnine the positions of selected stars relative to the h.orizort at a givett
tirne. The base, or 'rnater', is marked with the horizorr, curves of corrsta,nt altitucle, the pole,
tropics, prirne vertical arrd celestial equator (for latitude 50"N). The two rnovable transparcut
parts are the 'rete' and the 'rule'. The 'rete' shows the positiorr.s of certairr. stars, orre frorrr. each

constellatiorr, as seerr frorn outside the ceiestial spirere, as well as the ccliptic clivicled into the
signs of thc Zodiac, Finally thc 'rulc' is a scale which lets you deterrrrine the positions of stars
irr declirratiorr.

(a) Iclentify the stars rnarked with letters orr the rete arrcl cornplete the tablc in the a,rrswer

sheet. Give tlte rr.arne or Ba,yer designatiorr rlncl corrstellatiori, arrd tlre rig]rt ascerrsion ancl

cleclination (withirr +0.25 h arrd t5o). Mark the star which was the source of the alien
trarrsrnission frorrr Task 2.

Penalties: rrtissing or incorrect narrres or incorrect coordirrates: *1 rnirrute each; wrong
source star: f1 rnirrute.

(b) For the date of Nicolaus Coperrricus's birthclay (19 February) cleterurirre the right ascension
and declittatiorr of the Sun (within +0.25 h ancl t5o), arr.cl the tirries of surrrise and sunset
(within +0.25 h).

Penalties: rnissing or incorrect coordirrates: l5 rrrirrutes; rnissirrg or incorrcct tirlres: l5
rninutes.
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Astrolabe - Answer Sheet

Star Baver letter or
narne

Corrstella,tiorr Right Ascen-
sion [h]

Declinatiorr Iol Distarrce

llvl

Mark
aiierrs'
star

A 77.7

B 260t)

C 24

D 49

tr I,l.)

F +5ti" B3

G 43
H 75

J ,n
JI

K 65

L 250
M 548
N 863
o 11

P 8.6
R 250
S 170

riglrt ascension cleclirratiorr

coordirrates of the Sun

tirne of sunrise tirne of sunset

19 February
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Solution
Star Bayer letter or

IIAIIIC

Constellation Right Ascerr-

sion [hl

Declination [' Distance

[1vl

Mark
aliens'
star

A AItair a Aql 20.0 I 17.7

B Deneb a Cyg 20.5 45 2600

C Vega a Lyr 18.5 39 24 I
D Rasalhague a Optr 77.5 12 49

tr Markab a Peg q,
ZO 15 133

F AIioth e UMa 13 56 B3

G Capella a Aur 5.5 46 43
H Alphecca a CrB 15.5 27 75

J Arcturus a Boo 14 19 1n
dl

K Aldebaran a Tarr 4.5 16 65

L Bellatrix 7 Ori 5.5 6 250
M Betelgeuse a Ori 6 7 548

N Rigel 0 Ori 5 -B 863
o Procyorr a CMi 7.5 5 11

P Sirius a CMa 7 -t7 8.6
R Spica a Vir 13.5 11 250
S Alphard a I-Iva 9.5 _0 170

riglrt ascension declination

coorcliuates of tire Surr 22.t3 -11.5

tirne of sunlise tirne of sunset

19 February 07:10 17:10
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Group Competition 6: 'Saros'

Use the followirrg table of lurrar eclipses fiorrr the Ia,st 25 years to predict rvhen the riext lunar
eclipse clearly visible frorn Polarrd (50oN, 19"E) will occur. Give the date ancl predictccl hour
on the arrswer sheet.

Penalties: for each urissirrg auswer *10 rninutes, eclipse with weak visibility f 1 rnirrute

Dntc Tirl<r {IT Typc JD
1991 Dcc 21

1992 Jun 15

1992 Dcc 09

1993 Jun 0,1

1993 Nov 29

10:33:60

O4:57:57

23:45:05
13:01:26
06:27:06

Pnrtia,l
Pn rtial
'fota.l
Tota,l
Totnl

'2448602.940

2448788.707
2448966.49
2449t43.042
2449320.769

1994 May 25

1995 Apr 15

1996 Apr 04

1996 Scp 27

1997 \tlar 24

03:31

72:79

00:10
02:55
04:40

20

04

47

24

28

Paltial
Pa,r.tia,l

Total
Toial
Paltial

2449497.647
2449823.0t3
2450t77.508
2450353.622
245053 1.694

1997 Scp 16

1999 Jul 28

2000 Jan 21

2000 Jul 16

2001 ,Ian 09

18:47:42
77:3446
04:44:34
13:56:39
20:27:40

lbtal
Paltial
Totril
Totnl
Total

2450708.283
2451387.983
2451564.698
245t742.081
2451919.349

2001 ,Iu1 0l-r

2003 May 16

2003 Nov 09

2004 May 04

2004 Ocl28

l.I:56:23
03:41:13
01:19:38
2031:77
03:05:11

l'artial
Total
Total
Tota,l

Total

2452096. 1 1 5

2452775.653
2,llt29lt2.l't56
2453130.345

2453306.628
2005 Oct 17

2006 Scp 07

2007 Mar 03

2007 Aug 28

2008 Fcb 21

720427
18:52:25
23:27:59
l0:38:27
03:27:09

Partinl
Ptr,r'tial
Total
Total
Totnl

245366 1.003

2453986.286
2454763.474
2454340.943
2454517.64,1

2008 Aug 16

2009 Dcc 31

2010 Jun 26

2010 Doc 21

2011 Jun 15

2l:L7 72

79:2ll:46
11:39:34
0B:18:04
20:13:43

Paltial
Partial
Paltizr,l
Total
Tot.rl

2454695.383
2455197.308
2455373.986
2455551.846
2455728.343

2011 Dcc 10

2012 .hu 04

2013 Apr 25

2014 Apr' 15

2014 Oct 0B

l432:56
11:04:20
20:08:38

07:46:48
10:55:44

'Iotal
Paltial
Partial
Total
Total

2455906.106
2456082.96t
2456408.3,1

2456762.824
2456938.956

2015 Apr'04
2015 Scp 28

2017 Aug 07

2018 Jan 31

20lB Jnl 27

1

02:48:17
1B:21:38

13:31:00
20:22:54

:242:0 'Ibtal
'fotal
Paltitrl
Total
'Iotal

2t11t7117.001

241t7293.617

2,157983.265

2458150.063
241t8327.349

2019 Jan 21

2019 Jul 16

2027 May 26

2021 Nov 19

2022 Mav 16

2022 Nov 08

05 13:27

21 :31:55
11:19:53

09:04:06
04:12:42
ll00:'22

Total
Partial
Total
Paltial
Total
'Ibtril

2458504.717
2458681.397
2459360.972
2t159537.878
2459775.676
245989 1.958
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Solution

T[e table carr be used to estirnate the lengt]r of the Saros cycle, i.e. 6585.3211 days, e.g.:

1992 Dec 09 2Y1,r.05 | tbirrl 2448966.49

2010 Dec 21 O8:18:04 | f'otat 2455551.846

245555t.846-2448966.49:6585.356, so the difference is 18 years, 11 days and 8.5 hours.

Let's chcck eclipscs lbr 2023. Goirrg ba,ck 18 years, 2023 - 18 : 2005 thus our startirrg poirrt is:

2005 OcL 17 | 12:04:27 tiai 2453661.003

Tlre next eclipse will occur 11 days ancl about 8 hours later. 12:04 UT + 8 - 20:04 UT or

2l:04 local tirrre, so this eclipse will occur at niglit (well after sunset) and so will be clearly
visible (weather perrnitting). (Eclipses occurring durirrg the clay will rrot be visible, artd eclipses

rrear sunrise or surrset will be weakly visible.)

In fact the correct tirne for this eclipse works out as:

2023 Oct,28 | 20:15:18 'art 2460246.344
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