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General instructions: Theory (250 points)

The theory exam lasts for 5 hours and is worth a total of 250 points.

Before the exam

* You must not open the marked envelope containing the problems before the signal indicating the

beginning of the examination.

* The beginning and end of the examination will be marked by a signal from you supervisors, they

will also let you know when there are fifteen minutes before the end of the exam.

During the exam

1.

The Theory Exam consists of 15 questions. On your desk you should find a marked envelope. Inside
the envelope you will find:

+ Cover Sheet, your student code, and your name. Example: Theory - GBR- 1 - John Smith
(please make sure these are correct)

* Question Sheets (marked Q)
* Answer Sheets (marked A)
* Working Sheets (marked W)

Dedicated IOAA Answer Sheets (marked A) are provided for writing your answers. Enter the final
answers into the appropriate boxes in the corresponding Answer Sheet. Please write only on the
printed side of the sheet. Do not use the reverse side. Working Sheets (marked W) are provided
for calculations.

Use a black or blue pen for all answers and calculations, this will allow the markers to see your
answers better after scanning. If you think you made a mistake cross it out.

Use as many mathematical expressions as you think may help the graders to better understand
your solutions. The graders may not understand your language. If it is necessary to explain some-
thing in words, please use short phrases (if possible, in English).

You are not allowed to leave your working desk without permission. If you need any assistance
(malfunctioning calculator, need to visit a restroom, etc.), please put up your hand to signal the
supervisor.

At the end of the competition you must stop writing immediately. Sort your Answer Sheets and
Working Sheets in order leave them to be collected in the envelope and according to the supervi-
sor's instructions. You are not allowed to take any sheet of paper out of the examination area.



Theory

.
BGR-1 D-0 G-2
International Olympiad on Astronomy and Astrophysics E ng ||Sh (OffICIa |)

Standard Table of Constants

Fundamental Constants

Speed of light in vacuum c = 2998 x 103ms!
Planck constant h = 6.626 x 103%Js
Boltzmann constant kp = 1381x10%JK!
Stefan-Boltzmann constant o = 5670x108Wm 2K 4
Elementary charge e = 1.602 x 107 1°C
Universal gravitational constant G = 6.674x10 " " Nm’kg?
Universal gas constant R = 8315Jmol 'K
Avogadro constant N, = 6.022 x 10%mol!
Wien's displacement law AT = 2898 x10%m- K
Mass of electron m, = 9.109x103kg

Mass of proton m, = 1.673x10 kg

Mass of neutron m, = 1.675x102%"kg

Atomic mass unit (a.m.u.) = 1.661 x 10 2"kg




Theory

International Olympiad on Astronomy and Astrophysics

BGR-1 D-0 G-3

English (Official)

Astronomical Data

1 parsec

1 astronomical unit

1 jansky

Hubble constant

Solar luminosity

Apparent angular diameter of Sun
Effective temperature of Sun

Obliquity of the ecliptic (Earth)
Inclination of the lunar orbit w.r.t. ecliptic
Apparent visual magnitude of full moon
North Ecliptic Pole (J2000.0)

North Galactic Pole (J2000.0)

1 sidereal day

1 tropical year

1 sidereal year

1pc =

3.086 x 10'6m

206 265 au

3.262 ly

1.496 x 10''m
102Wm 2Hz !

70 kms ™ Mpc ™t

3.826 x 10%°W

32

57TT8K

23.5°

05°08°43”

-12.74

(18"00™00%, +66°33'39”)
(12751m26°, 4-27°07°42")
23"56™04°

365.2422 solar days
365.2564 solar days

Solar Magnitudes

Apparent visual
Absolute visual
Apparent bolometric
Absolute bolometric

-26.75
+4.82
—26.83
+4.74
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Solar System

Object Mean radius (km) Mass (kg) Semi-major axis (au) Eccentricity
Sun 695 500 1.988 x 10%°
Mercury 2 440 3.301 x 10% 0.387 0.206
Venus 6 052 4.867 x 10%* 0.723 0.007
Earth 6 378 5.972 x 10%4 1.000000 0.016 710
Moon 1737 7.346 x 10?2 0.002572 0.054 900
Mars 3390 6.417 x 10?3 1.524 0.093
Jupiter 69911 1.898 x 1027 5.203 0.048
Saturn 58 232 5.683 x 1026 9.537 0.054
Uranus 25 362 8.681 x 10%° 19.189 0.047
Neptune 24 622 1.024 x 1026 30.070 0.009
Gauss's Formulae

Cosine theorem CoSa = cosbcosc+sinbsinccos A

Sine theorem Sng _ sinb _ snc

Rayleigh-Jeans lawis B, = k52 which is the power emitted per unit emitting area,

given by

v o2

per steradian, per unit frequency.
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Oo6wun NHcTpyKunn: Teopusa (250 ToUkn)

TeopeTUYHUST Typ NPOAb/KABA 5 vaca 1 ce oueHsIBa MakCUMyM ¢ 250 ToUKW.

Mpeawn Typa

Mo

1.

* Buve He TpabBa fa oTBapsATE NAMKA, KOWUTO CbAbPXa 3a4aUnTe Npean CUrHana, ykasBsall, HayanoTo
Ha Typa.

* HauanoTo n kpasAT Ha Typa e 6baaTt oTbens3aHn CbC CMrHan oT Bawus KBecTop 1 Te CbLUo Taka
e By yBegomaT, korato octasat 15 MUHYTU 0 Kpas Ha Typa.

BpeMme Ha Typa

TeopeTnYHMAT Typ ce cbCToun oT 15 3agaun. Ha BawaTta mMaca Lie Hamepu HagnucaH namk. B Hero
LLie HamepuTe:

+ 3arnaBHa cTpaHuua, BawmaTt kop u BaweTo nme. Mpumep: Theory - GBR- 1 - John Smith
(Mona, yBepeTe ce, Ue UMEeTO e MPaBu/HO)

* Jinctn cbe 3agaum (Question Sheets (oT6enszakun ¢ Q))
* Jlnctun 3a otrosopu (Answer Sheets (ot6ensizaHu c A))
* Pa6oTHU nuctu (Working Sheets (ot6ensizaHu c W))

NunctnTe 3a otroBopm (Answer Sheets (ot6enesaHm c A)) ca npegHa3HavYeHN 3a HanMcBaHe Ha
BawunTte otroBopu. BbBeaeTe kpaliH/Te OTrOBOPU B MOAXOAALLMTE NoJeTa B CbOTBeTHUTE JInCcTun
3a otroBopu (Answer sheet). Mons, nvwweTe caMo Ha oTreyaTaHaTa CTpaHa Ha inmcTuTe. He nsnon-
3BaliTe obpaTHaTa cTpaHa. PaboTHuTe nnctn (Working Sheets (oT6enssaHn W)) ca npegHasHa-
YeHn NpecMATaHS.

3. N3non3garite YepeH N CMH XMMUKas 3a BCNYKK OTFrOBOPU 1 NPECMATAHUA. ToBa Lie N03BOAM Ha

npoBepsBaLLMTeE Aa BUXAAIT N0O-406pe BallnTe oTroBopu c/ief ckaHpaHe. AKO MUCINTE, Ye CTe
HanpaBWAW FpeLLKa, 3a4packanTe .

4. Vi3non3Balite TONKOBa MaTeMaTyeckn U3pasu, KONKOTO MUCAUTE, Ye Liie Ca He06XoAMMU Ha Npo-

BepsBalumTe a pasbepat Bawwnte pelweHus. Te Moxe 1 Aa He pa3bupaT Bawumsa esnk. AKo e He-
06X04MMO Aa 065CHUTE HeLo C AYMW, MONS U3Mon3BaiTe KpaTku ¢dpasu (ako e Bb3MOXHO Ha aH-
TANNCKX e3uK).

5. He e pa3pelueHo ga HanyckaTe paboTHOTO C1 MACTO 6€3 Mo3BosieHMe. AKO UMaTe HyXAa OT MOMOLL,

(npobnemu c paboTaTta Ha Kankynatopa, Hy>XAaa Aa nocetTuTe ToaneTHaTa U T.H.), MONs BAUrHeTe
pbKa, 3a Aa CMrHanAn3npaTe Ha KBecTopa.

6. B kpasa Ha Typa, Bne TpsbBa ga cnpete ga nuweTte BegHara. Nogpetesete Bawwnte Jinctn 3a oT-

rosopu (Answer sheets) n PabotHu nnctu (Working Sheets) n ro noctaeeTte B navka, ciefBaiku
VIHCTPYKUMINTE Ha KBecTopa. He e paspellueHo Aa n3HacsTe KakBUTO U Aa 6110 INCTM OT 3anaTa.
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CTaHAapTHa TabanLa € KOHCTAHTU

¢yH,qame|-|Tan HUN KOHCTAaHTN

CKOpOCT Ha CBET/INHTA BbB BaKyyM
KoHcTaHTa Ha NnhaHK
KoHcTaHTa Ha bonyMmaH
KoHcTaHTa Ha CTtedaH-bonumaH
EnemeHTapeH 3apaj
lpaBUTaLMOHHA KOHCTaHTa
YHuBepcaHa rasosa KOHCTaHTa
Yumcno Ha Asoragpo

3aKoH Ha BuH

Maca Ha eneKkTpoHa

Maca Ha npoToHa

Maca Ha HeyTpoHa

ATOMHa eAMHMLa 3a Maca

q x> > o

g

Q

2.998 x 108ms!

6.626 x 1034Js

1.381 x 10723 JK !
5.670 x 10 8Wm 2K 4
1.602 x 1071°C

6.674 x 10 "' Nm?kg 2
8.315Jmol ' K1

6.022 x 10*mol !
2.808 x 10 %m - K
9.109 x 10 3kg

1.673 x 10 27kg

1.675 x 10 27kg

1.661 x 10 27kg
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ACTpOHOMVI'-IeCKI/I AaHHU

1 napcek

1 acTpoHOMMYecka eAnHNLA

1 aHCKN

KoHcTaHTa Ha Xb6bn

CeeTMOCT Ha CnbHUETOo

Buanm wrnoe gnametsp Ha CibHLUETO
EdekTnBHa TemnepaTypa Ha CAbHLETO
HaknoH Ha eknmnTukaTa

HaknoH Ha nyHHaTa opbuTa, CNpsiMo eKnn-
TMKaTta

Branma 3Be3gHa BenvyvHa Ha nbaHara Jly-
Ha

CeBepeH eknuntnyeH nontoc (J2000.0)
CesepeH ranaktmnyeH nosatoc (J2000.0)
1 3Be34eH aeH

1 TpoNn4Ha roamHa

1 3Be3gHa rogmHa

1 pc

3.086 x 10'6m
206 265 au
3.262 ly

1.496 x 10''m
102Wm 2Hz !
70 kms ™ Mpc ™t
3.826 x 10%°W
32

57TT8K

23.5°

05°08°43”

~12.74
(18"00™00%, 4-66°33’39”)
23¢56™m(4°

365.2422 solar days
365.2564 solar days

CnbHYeBU 3Be34HU BEINYUNHUN

Buanma Br3yanHa 3Be34Ha BeNMYMHa
A6CONOTHA BM3yanHa 3Be34Ha BeNn4mHa
Buanma 6onomeTpryHa 3Be3gHa BeMUNHA

AbCcontoTHa 60ﬂ0METpI/I‘-IHa 3Be34Ha Ben-
UYMHa

-26.75
+4.82
—26.83
+4.74
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CnbHYyeBa cuctema

dopmynu Ha lNayc

KocuHycoBa Teope-

Ma

CuHycoBa Teopema

COSa = COSbCcosc+sinbsinccos A

sina __ sinb __

sin ¢

sin A~ sinB~ sinC

06eKT Cpep,?:nﬁ;;\,qmyc Maca (kg) Fonama nonyoc (au) EkcueHTpMunTeT
CnbHuUe 695 500 1.988 x 1030 — —
MepKypwli 2440 3.301 x 10 0.387 0.206
BeHepa 6 052 4.867 x 10% 0.723 0.007
3em4 6 378 5.972 x 10%4 1.000000 0.016 710
NyHa 1737 7.346 x 10%2 0.002572 0.054 900
Mapc 3390 6.417 x 10% 1.524 0.093
HOnuTtep 69911 1.898 x 1027 5.203 0.048
CaTtypH 58 232 5.683 x 10%6 9.537 0.054
YpaH 25 362 8.681 x 102° 19.189 0.047
HenTyH 24 622 1.024 x 10%¢ 30.070 0.009



