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Practical round. Problems to solve

6. An extra-solar planet transit. One of the most
reliable methods to detect and study planets around
stars other than the Sun, is the observation of their
transits across the stellar disk. When a transit
occurs, the flux F from the star fades temporarily
from the standard value Fo because of the planet that
is passing in front of it.

The first planet ever detected in this way is
HD209458b, a jovian-like planet orbiting the solar-
like star HD209458 (mass of 1.09 Msur,r) with a
period of 3.5248 days. A transit lightcurve, recorded
by the Hubble Space Telescope on May 2000, is
shown in Figure. T!.S

Along the lightcurve on the answer sheet l, mark
the first contact with the letter A,, the second contact with B, the central transit with C, the third contact
with D and the fourth contact with E, and draw the planet at the correct positions in the coresponding
pictures at the answer sheet 2. Moreover, complete the table with the times at which each contact occurs.

Assume that the transit occurs across the diameter of the star and that the orbit for the planet is circ-ular.

7. The Roemer's experiment. The first historical attempt to derive the speed of light from astronomical
observations was performed by the Danish astronomer Ole Roemer inL675. He observed many eclipses of
the jovian moon Io by the Jupiter's shadow, and noted that they did not occur at regular times. This
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phenomenon was interpreted as a consequence of the finite
speed of light, which takes therefore different times to
reach the Earth placed at different positions along its orbit
during the year. The speed of light was also estimated by
Roemer based on the deviation of the measured eclipse
times from the expected ones.

Io's observations can be performed at any time. The
table reports some measured start times T,n of lo's eclipses
in 2004, with the coresponding number of orbits elapsed
since the first measurement. Since Io completes a
revolution around Jupiter every 1.76979 days, complete
the table (on answer sheet 3) with the expected start times
T. and the resulting deviation from the measured ones,
AT: T, - T.. Report on a diagram these deviations as a
function of the measured times and mark on the graph the
points where Jupiter is at opposition with the letter O, at
conjunction with C and at quadrature with Q. Finally, give
an estimate of the light speed based on these data, as made
by Roemer.

Io Eclipses start times
Date Tm Te Rev.

Nr.
AT

(min)
301oLt200400:55 00:55 0
t41021200423:tO 9
29tO2t2W4O2:57 17
1710312004t9-.42 27
301031200405:03 34
16104120042l:49 44
1610512004?3:56 61
171061200420:33 79
161071200404:12 95
t71081200400:48 l13
1610912004O2:55 130
3010912004O6:44 138
161r01200405:00 r47
301r01200408:48 155
L7ltu2004 Ol:32 165
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3aAa.rn rpaKTr{qecKoro rypa

6. Ilpoxoxcgenne trJranerbr. OAnnu H3 caMbrx H4AdxHux
MeroAoB o6uapyxenHfl H H3yqeHHr rr,JraHer B cncreMax Apyrnx
gsdgA csrcgrcs Ha6lo,qeuue ux npoxox4eHafi tro AHcKy
3Be3Abr. Bo nperur raKux fipoxoxAeHuft cserosofi noror F or
3Be3Abr CTaHOBl,rTCr MeHbrrre ilo cpaBHeHr4p co craugapruofi
eerH,{r4noft Fo.

flepnar nJraHera, o6HapyxeuHar raKHM o6pasou, - 9ro
nrraHera HD209458b (runa lOnurepa) o6paqanularca c
repuoAoM 3.5248 cyroK BoKpyr 3Be3Abr HD209458 rnna
Co;rnqa (c uaccofi L,09 Maccbr Co.nuqa, M: L,09 Msux).
Kpusar 6lecra raKoro npoxox(AeHr.rr B Mae 2000 roAa,
noryqeHHas KocvHqecrur\,r reJlecKonoM Xa66ra,
npe.qcraBJreua ua fpa$r,rKe cnpaBa.

Ha rucre orBeroB I nouerrre Ha rpueofi 6lecrca uepnrrfi
KoHraKr 6yrcuofi A, oropofi KoHTaKT - 6yxeofi B, cepe4uHy
rpoxox(AeHnr - 6yreofi C, rpernfi xoHrarcr - 6yreofi D r.r
verrdprsrfi - 6yrcoofr E, a raxxe Ha rHcre oreeroa !
uapncyfire coorBercrByroqlre [oJroxeHnr nraHerbt Ha
KapTHHKaX. KpOrvre TOrO, BnHUtUTe B ra6lnqy Ha JrncTe
orBeroB 2 uouenrur BpeMeHr,r, coorBercrByrorqne KaxqoMy
KOHTaKTy.

MoxrHo cqr{Tarb, qro op6nra nJraHerbr KpyroB:tr, a
rpoxox(AeHhe nponcxoAuT no 6olturonay AuaMerpy 3Be3Abt.

B gaxrrcqenue Baruefi pa6oru uepepr,rcyfire B TerpaAb
ra6rnqy, pacuonoxeHHyo cnpaBa, H 3anorHaTe rrycrbte gqefinn.

7. Srcnepumenr P€nrepa. Ilepnar no[blrKa Hafiru cKopocrb cBera
m acrpoHoMuqecKux Ha6lrc4euufi 6urla rpeA[pl.tHflra AarcKhM
acrpoHoMoM O,ra$orra P€rvreporvr s 1675 rogy. Ou ua6lrcAar
3arMeHHt cnylFnrKa l,lo reHrrc lOnurepa n 3aMer]rJr, rrro oHu
npor.rcxoArr He qepe3 crporo onpe4el€uusle npoMexq/rKn
BpeMeHr,r, a c orruroHeHurMn. 3a4epxrn r4Jrn onepe)KeHur B
HacrynreHxn 3arMeHH[ uHrepnperupoBaJrucb KaK cJreAcrBne
xoHeqxofi cKopocrn cBera, qro npHBoAHT K ToMy, qro cBer Ao
3eurn r,r4€r pasHoe BpeMr B 3aBncuMocrn or ed noloxeHtfl Ha
op6r.rre. flpoaua.nu:npoBaB orKroHeHuq B HacrynJreHun
:atMeHnil, P€uep oqeHHJl cKopocrb cBera.

Ha6rrcgeHr.rs Ho rrloxHo rrpoBoAHTb H cefiqac. B ra6lnqe
crrpaBa [peAcraBJreHbr MoMeHTbr BpeMeHH Haqana tarueunfi T,
corJracHo sa6rrcAesusu2004 r. 3uar, qro [epnoA o6paqeunr I4o
BoKpyr lOnnrepa cocraBlrrer 1,76979 cyroK, 3aronHnre ra6nnqy
(sa Jrucre orBeroB 3) coorBercrBylourr,rMn HoMepaM[ (]lr)
o6oporoe Vo, o)r(HAaeMbrMH MoMeHTaMH BpeMeHu Har{iua
:arrraesnfi T" t,t pa3Hr,rqeft AT: T, - T". Ilocrpofire rpaSur
3aBncuMocrra AT or T, r nouerbre Ha eronr rpa$uKe rortKr,t, rAe

0.t6

gtro
fail

Haqaro sarrueHnfi I4o

Aana T, Tu Ns AT
(n,tnu)

30t01.t200400:55 00:55 0
1.4t02t200423:lO
29/02t2004O2:57
17t03t2004L9:42
30t03t200405:03
t6t04/2004 2I:49
r6/0st200423:56
t7/06/2004 20:33
L6/O7/2004 04:12
17/08/2004 00:48
L6tO9/2004 02:55
30toeDno4O6:44
1.6t1.0t200405:00
30trotzm408:48
1711u200401.:32
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'!lOnnrep HaxoAnrcs B nponrBocroflHuvr (6yreofi O), a coe.tuHeHHn (6yntofi C) n e KBaAparype (6yxaofi Q). B

3aKrtoqeHue, Ha ocHoBaHur,r grnx AaHHbrx cAerafire oueHKy cKopocru cBera, KaK gro e cgo€ BpeMc cAenaJr P€ruep.

.llannrre n;ranernoft crrcreMbr HD209458

L

CnercrDamHufi uacc G2V
Paaryc ssesAsr R th at.{%
Macca reegAu M 1.09 Msrrnr
Op6xrarssufi nenuoa P 3,5248 cyr.
PaccrocHne 38e3.{a-[naHera a 7 . t n6 / "
Paanyc nJraHerbr r s62 fl 6/t
Macca [JraHerbr m ' / t87 . rO
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Practical round. Answer sheet 2

6. An extra-solar planet transit

IlparcruqecKlrfi Typ. Jlucrorc orBeroB 2

6. IlpoxoxAenrre [JraHerbr

A.

B.

C.

D.

E.

ii>.

l : V

HD209458b transit data - AaHHbre npoxoxAeHusHD}O94sSb -

Contact Koumarcm
Time - Bpe.un
05./3.0d

First contact A flepnurft xouraxr A lA n* (k4 / ,4 n, 't .A 0 / , '?z
Second contact B Bropofi xouraxr B L7-4 f ,'f, 7 f7 oy *u Lt B (3: /8
Central transit C CepeguuarpoxoxAeHus C .ff ic 4 4^d Y, ,lur la,r
Third contact D Tperufi ronrarr D 4 fl. //? .l q* tr */fD 48: r  b
Fourth contact E t{ern€pmrfi rouraxr E ', n,/f rT ?' /n Ay *\fi 24': YJ
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