AvaAvon Acdopévwyv - Epappoyn otnv
AotpoduoiKni

1. Av@Avuon tou e€wnthavntn 51 Peg b

OewpnTIKO LVTIOBadpo

2€ auto 1O TPOPANUA, Ba e€etacoupe €va oOVOAO SESOPEVWV TIOU TIEPIEXEL TNV AKTIVIKI TAXUTNTA €VOG A0TEPA
yia diddopa xpovika onueia. H akTivikr) Taxutnta ival n tTaxutnTa Ye TNV omoia evag actepag nmAnotalel n
aropakpuLveTal ano ePAG (BETIKEG TIMEG TaXLTNTAG LTTOSNAWVOULV OTL O ACTEPAG ATIOPAKPUVETAL ATIO EUAC).

Edv évag aotépag bev gival KOvTA o€ KATIOI0 AAAO QVTIKEIPEVO, TOTE eV UTIAPXEL KATIOIOG AOYOG N AKTIVIKN
TayUTNTA TOU aoTéPa va aAAAleL e Tov XPOVO. 2Tn TIEPITTWON, OPWG, OTIOL £va SeVUTEPO AVTIKEIPEVO PpiokeTal
0€ TPOXLA YUPW amod Tov aotepa (M.X. €vag mAavnTng r €vag ouvodog acTEPAC), TOTE TOOO 0 ACTEPAG OCO0 Kal TO
avTtikeipyevo Ba Bpiokovtal oe TPoXIA YOpw arod To KEVTPO palag tou SimAov cuoThuaTod. 'ETol, N akTwvikn
TayLTNTA Tou acTtépa Ba mapouatalel SIaKLUAVOELG Pe TNV TTAPOoS0o Tou XPOvou. AUTEG OL AAAayEG oTnv
TayUTNTA TIPOKAAOUV Hia YETATOTION OTIC PACUATIKEG YPAUMEG, AOYw Tou ¢alvouevou Doppler, Tnv omoia
UTIOPOULE VA PETPOOLE E ETIiyELA TNAECKOTIIA TA OTToia gival e€oTAlopéEva pe paopatoypddoug. TETOLEG
PaopaTooKOoTIKEG avaAlloEeLG yivovTal yla Tapddelypa oTo AoTEPOTKOTIEIO TOU ZKivaKa.

‘Oco 1o PIKPO gival To SeVTEPO AVTIKEIPUEVO, TOCO UIKPOTEPN €ival n enidpaacr] Tou otov acTépa. Na
napadetypa, n Taxutnta touv ‘HAwou ennpealetal ano tnv napovaia g 'ng katd 0.1 m/s oe nepiodo evog
XpOvou.

Mrmopeite va beite To MAPAKATW video waoTe va TAPETE pia 16€A TOL TIWE N TIAPOLGIa eVOG PEYAAOL TIAQVATN CE
TPOXLA YUPW ATIO TO ACTPO TOU £MNPEACEL TIG TAPATNPOVHEVEG PACUATIKEG YPAUMEG TOU AOTEPQ:

In [ ]:

from IPython.display import YouTubeVideo
YouTubeVideo (" -BuwWtMygxU")

Na Toug Adyoug Ttov avaAlBnkav rmapandvw, N JETPNoN TNS AKTIVIKAG TaxUTNTAG TWV ACTEPWV PE TIOAD PEYAAN
akpifela pmopei va xpnotporolnBei yia Tnv avixveuon mAavnTwy. 2 auto TO onueio TpEmel va avadEPOoupe OTL N
pETPNON TNG TaxLTNTAC TWV e€wNAavnTwy dev eival kKaBOAou eDKOAN LTIOBeCN KABWC eival TTOAD TtIo apudpd
QVTIKEIPJEVA ATIO TOUG AOTEPEG.

2€ auto TO TPOPANUA, BEAOULE va eEETATOLIE €AV EVAC CUYKEKPILEVOG AOTEPAG EXEL KATIOIO GUVOSO
avTtikeipyevo. Av val, TOTe BEAouE va eKTIAooLpE TNV PAla Tou Kal va aropavooupue av autd TO AVTIKEIEVO
gival mhavntng r KAatt aAlo. To clvolo dedopévwy yla autr tnv Aoknon eival To

UID 0113357 _RVC_001.tbl . Ta 6edopeva napbnkav ard to NASA Exoplanet Archive
(https://exoplanetarchive.ipac.caltech.edu/overview/51%20Peg%20b#planet 51-Peg-b collapsible). H mpwtn
oTnAn eival o xpovog (o€ NUEPEG), N 6eVTEPN OTAAN €ival N AKTIVIKY TaXLTNTA (0€ M/S) Kal n TPitn othAN gival n
apePaldtnTa oTnVv aKTIvIKA Taxutnta (oe m/s). Mmopeite va ayvonoete TNV TETAPTN GTNHAN.



https://exoplanetarchive.ipac.caltech.edu/overview/51%20Peg%20b#planet_51-Peg-b_collapsible

1.1 EKTipnon tn¢ akTvikig Taxutntag Tov aoctEpa

Na apxn, 6eAovpe va dovpe av o actEPAG mapoualdlel OVTwG TEPLOOIKEG PETAPBOAEG, Kal av val, BEAoupe va
HeTPriooupe TNV epiodo Kal To TTAATOG Toug. To MAATOCG eival pia dueon YETPNON TNG AKTIVIKAG TAXLTNTAG.

1. AlaBdaote Ta dedopEva Kal KAvte €va ypadnpa NG AKTIVIKNG TaXOTNTAG TTOU LTTAPXEL OTO ApPXEI0 TwV
6edopévwy. ZlyoupeuTeite OTL TO Ypddnua cuvodeleTal ard KATAAANAa ovopaTta yla Toug afoveg, povadeg
METPNONG Kal error bars!

‘Onwg Oa b¢ite, ol mapatnpenoelg dev mApbnkav Pe Tnv idla XpoviKr arnodotacn N pia ye tnv AAAn, omnodte dev
eival eDKOAO va dlakpivoupe KArola TEPLOBIKI HETABOAN OTNV KAPTIVAN YE Pia artAr omTikn e€€taon). '
auTo To AOyo Ba xpnoluoTol)ooupe pia avtopartorolinuevn pEBodo. O KaAUTEPOG TPOTIOG yia va Bpovpe
TNV Tepiodo PIag Xpovooelpdag OTweG auTr €ival va XpnolPoTioljooupe eva nieplodoypappa. ‘Evag tetolog
aAyoplBuog ou SouAelEL KOAA OTN TIEPITITWON Hag gival o akoAouvBog:

o Al0A&€TE pia TN yia tnv mepiodo .

e YrmoAoyiote Tn pAon TNG KAUTUANG TNG AKTIVIKAG TaXUTNTAG:
phase = (time % period) / period

» Ta&wopeiote TN pdAcn Kal TNV TaXLTNTA COUPWvVA Pe TN Paon.

» Bpeite 10 pkog TG ypaupng Tou evwvel 6Aa ta onueia, arnod aplotepd npog ta 6e€1d. Av ypapoupe tnv
Ta§lvopnuévn ddaon wg ¢, TNV TaxlTNTA WG v, Kal Tov apldud Twv onueiwv wg N, TOTE auTo TO PNKog eival:

N-1
= 2 \/(¢i+1 — ¢ + (Vig1 — v)?

Znueiwon: Oewpeiote TN PAcn, TNV TAXUTNTA KAl TO PAKOG OTOV TIAPATIAvVW TOTO w¢ adldotarteg
TTooOTNTEG.

« Emavaldpete yia 81adopeg SOKIPACTIKES TIPEC TNG EPLOSOUL Kal BpeiTe To eAAXIOTO PNKog, [, kat og old
Tepiodo avTIoTOoIXEL.

2. YAOTIOINOTE TOV napanavw aiyopidpo npoorabwvtag va Bpeite To PYrkog ¢ ypapung yia 10,000
eplodoug ol oroieg eival katavepnueveg AoyaplBuika petaéu 1 kat 100 nuepeg.

lpoogoxr: 16avikd, o LTTOAOYIOPOG TOL PUFKOUG TNG YPAUMNG 8V TIPETEL va yiveETAL PE KATIOO BPpoyxXo Kabwg
o KwdlKag Ba eival oxeTIKA apyog. Avti yla karolov Bpoyxo, SOKIHACTE va EKPETANEVUTEITE TNV
SlavuopaTikomoinon mouv pag npoodepet n BIPBALOBNAKN NumPy KAvovTtag Xprnong tng uebodou
numpy.diff .

Mrmopeite WG va XpnoIUOTIOOETE KATIOIOV BPOYXO yia TIG TIEPIOO0UG.

Ynodel€n: eav Belete va Taflvounoete KAMOLo array 'y oUpdwva pe TIG TIWEG EVOG array X , ITTOPEITE va
Xpnolyorolnoete TN HEBoS0 numpy.argsort :

y_sorted = y[numpy.argsort(x)]

3. Ddtia€re éva log-log didypappa Tou pPAKoug TNG YPAUKNG we ouvApTnon Tng Tieplddou Kal meplypaPte 1o
ypadnpa. Auto sival To replododypappa. Oa mpérel va eiote oe B€on va dlakpivete Kkarola eAdylota.



Bpeite TNV miepiodo Tou mpwTtou KabBapou elayioTou.

4. 'Exovtag Bpel tnv niepiodo, avadinmiwote ta dedopéva oe auTr TNV TIUn TNG Teptodou (period folding). Me
AAla Adyla, pTiagte €va Siaypappa tng TaSlvounuevVNG akTIVIKAG TaxuTnTag (Ke error bars) wg cuvaptnon
¢ Ta&vounuévng paong tng rieptdédou mou Pprkate rapandavw. Edv n avaiuvor oag eival owaotr), 6a
npemnel va deite KATL oL poladel Pe pia mepiodo tNG ouvApPTNOoNG TOU NUITOVOUL. AUTO onpaivel OTL LTIAPXOLV
OVTWC TEPLOBIKEG (KAl JAAIOTA NUITOVOELSNG) HETAPBOAEG OTNV KAUTIUAN TNG AKTIVIKA TaxUTNTACg, KATL TTOU
urtodnAwvel OTL HAAAOV LTIAPXEL KaL KATIOIO AAAO QVTIKEIPEVO Og TPOXIA yUpw aro Tov actepal

5. Mpocapudote pia cuvdptnon tngG HopdNng:
f(x) = asin(zx + b)

oto O1Aypapupa TNG AKTWVIKAG TaxuTNTAS - $Aong Kal ptiagte Eva ypadpnua orou daivetal To apxiko
Slaypappa padi ye TNV MPocaApHOCUEVN KAUTIUAN.

H nmapdpetpog a, 6a cag dwoel To MAATOG TNG KAUTIVANG TNG AKTLVIKNG TaXLTNTAG (€Av oag divel apvnTikn
TIYN, HETATPEPTE TNV O€ BETIKN YA TO EMOPEVO KOUUATL). Bpeite TNV aBefaidTnta otn mapdueTpo a
KAvVOVTAG Xpron Tou Tivaka cuvdlakupavong (covariance matrix) mou eriotpedetal anod tn cuvapTnon
TIPOCAPHOYNG.

Av akoAouBrjoate 6Aa Ta Bripata kat kAvate owaoTr avAAuon, Ba Tperel va €xete otn SildaBeon oag Tnv
nepiodo kat To mAdrToq (padi pe Tnv aBeBaidTnTa) TNG KAPTIUANG TNG AKTIVIKAG TaxutnTag!

1.2 EKTipnon t™ng padag tov e§wmnAavntn 571 Peg b

2TO TIPONYOUHEVO PEPOG PPNKAME OTL N KAUTIVAN TNG AKTWVIKAG TaXUTNTAG TOou dotpou 51 Pegasi pmopei va
TIPOCEYYIOTEL ATTO Hia NUITOVOEIONG KAUTIVAN, KATL TIOU UTTIOSNAWVEL OTL LTTAPXEL £vA AOPATO AVTIKEIUEVO OE
KUKAIKN TpoXLd yOpw artod To AoTPO. 2€ AUTO TO PEPOG, Ba TIPOCTIabrooUE VA EKTIUNCOULKE TN PAla Tou
aoparou auvtol cuvodou.

Na dvo cwpata (oTn TEPIMTWOr PHag £€vag acTEPAg Kal €va AyvwaoTo AVTIKEIPEVO) TTou PpiokovTal oe TpoxLd
YUpWw amo 1o KEVTPO padag Tou cuothuatog, o 3o¢ vopog Tou Kepler ypadetat:

A? GM,(1+q)

2~ R

omou T eival n Tpoxlakn nepiodog, M, n pala tou actépa, g €ival o Adyog TnG PAalag ToL AVTIKEIUEVOU TIPOG
Tn pdada Tov aotépa Kat R n andéotaaon PeTAEL TOU AVTIKEIPUEVOU KAl TOU AoTEPA.

Emunpoobeta, yia 0o avtikeipeva o Tpoxld yOpw amo To kKévtpo palag, ta mAdTn Twv Taxuthitwy, K, 6a
oxetiCovtal pe tn pala twv U0 AVTIKELWEVWV (OTIOU TO TIIO PAlIKO KIveiTal AlyOTePO):

AKOUQ, Yla pia KUKAIKR TpoXLd IoXUEL
KobjeCtT =27R

AvtikaBioTwvTag Ta rmapandavw otnv ékppaocn yia tov 3o vopo Tou Kepler, mpokomtel:
TK;

1 +q)q° = —=—
(1 +q94q 32GM,

TéMog, uttdpxel akopa eva Bacikd onpeio Tou TpETEL va Tpoaeéoupe. AuTO eival OTL TO TTAATOG TNG TAXUTNTAG
TIOL PETPAYE yia Tov aatépa Sev eival K, alAa

Kv& nhe = Kdy Sini



nsuuo ~

orov i ivat n ywvia 8éaong tou cvotrpatog. Fwvia i = 90° onuaivel 6Tt BAEnovpe To oboTnua edge-on evw

i = 0° onpaivel 0TI BAémoupe To cbotnua face-on kal Apa 0 acTEPAg Sev GaiveTal va KIVEITAL O OxEON e EPAG
(6nAadn oute TANGIAlel oUTe aropakpuvetal). To K s €ival To MAATOG TG TaxuTnTag - SnAadn n
TTAPAUETPOG A TIOL UTIOAOYICATE OTO TIPONYOUPEVO PEPOG.

‘Etal, av unoBeooupe 0T1 ¢ K 1, n Tehkn e€iowon eivat:

g~ T 13 K*,obs
2rGM , sin i

6. YrtoAoyiote TNV TP Tov g vloBeTwvTtag TG TIWEG Twv 17, K, ops TOL Bprikate otny evotnta 1.1 Kal
vroBétovtag otisini = 1 kat M, givat ion pe Tn pala touv ‘HAwou (M, = 1.989 x 10% k).
Xpnototrowwvtag Tnv TIPA Tou ¢, PPeite TN pAla TOL AVTIKEIPNEVOL OE Povades padeg Aia (

Mypiser = 1.898 X 10?7 kg). Mmopei QuTd To QVTIKEIPEVO Va gival TAAVATAC;

1.3 MNpooopoiwon Monte-Carlo (BONUS)

21N MPAypaTIKOTNTA, Ol PETPNOEIG 0aG Tou K, ops X0V Kamola aBefaidtnTa, n Haga Tou aoTépa ExXeL £TTioNG
kartolo odpdaipa Kat n ywvia 6€acong, ermiong, eivat apepain. MNMpoomnabeioTte va eKTEAECETE Wia Tipocopoiwon
Monte-Carlo yia va vrioAoyioete tn mibavr) Katavopr| tTng padag ya To avtikeiyevo urtoBeTovTag:

e To oddalpa otnv akTvikn TaxuTnTa gival avto mou uroAoyiocate otnv evotnTa 1.1 Kal ival Kavoviko
opaipa (dnAadn n katavopr Touv akoAouBei Tn Mkaovalavr) kKatavopry).

e H pdfa tou actepiov AapPavetat arnod pia opolopopdn katavour peta&d 0.6 kat 1.4 popeg tn pada tou
‘HAwov.

» Hywvia Béaong, i, yropei va €xel omoladnmnote Tipr Yeta&d 0 kat 90 poipeg. ‘Opwg, dev prtopolpe amid va
kAvoupe Tuxaia detypatoAewpia ya TipeG peta&Dd 0 kat 90 kabwg Kamoleg ywvieg B€aong eival mio mbaveg
ano dAAeg. Na va yivel cwoTtd TIPETIEL va KAVETE pia opoldpopdn detypatoAnyia yia to cos i petatv 0 kat 1
Kal 0Tn OLVEXELA va Bpeite To i f To Sin i amnd auTo.

7. Anté autn tn npooopoiwon Monte-Carlo, pTiagre €éva didypappa yia tn mbavotnta auto TO AVTIKEIPHEVO
va €xel Jia ouykekpevn pada kalt replopiote to oto diaoctnua 0 pexpl 13 dpopeg Tn pada tou Aia.

8. Mowa givat n (apBuNTIKA) TOavoeTNTA TO AVTIKEINEVO QUTO va €xel Alyotepn pala ano 13 popeg tn pada
Tou Aia (auto eival ouvriBwe To 6plo PAlag yia evav mAaviTn); XpnolpomowwvTtag tTnv opoloyia 1/2/3/4/5-
alypa (6eite edw (https://en.wikipedia.org/wiki/68 % E2%80%9395%E2%80%9399.7 rule) yia
AETITOUEPELEG), TTIOCO Giyoupol €i0Te OTL AUTO TO AVTIKEIPEVO gival TTAAVATNG;



https://en.wikipedia.org/wiki/68%E2%80%9395%E2%80%9399.7_rule

