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1. There are several exaplanets observed in the Gliese 876 system (3. =0.334 £ 0.034,,) as given

in the following table,

Gliese System Mass Semi Major Axis (au)
Gliese 876 b 2.2756 + 0.0045M, 0.2083 = 0.000020
Gliese 876 ¢ 0.7142 £ 0.0039 M, 0.1296 = 0.000024
Gliese 876 d 6.83 +0.40 Mg 0.0208 + 0.00000015
Gliese 876 e 146+ 1.7 Mg 0.3343 £0.0013

where Mg is mass of Sun, Myis mass of Jupiter (M =1.89813x10%" kg), and Mg is mass of
Earth.

Find, if any of the exoplanets of Gliese 876 system have resonant orbits (their synodic period is a
multiple integer of one of the periods).

2. [lokaxeTe, 4e Npu BCAKO A0/HO CbegnHeHUe BeHepa e obbpHaTa € efHa 1 Cblla CTpaHa KbM 3emATa.
(D1) IIpax u MJIaTH 3B€31d B TATAKTHKH ¢ MOBHINIEHO 3Be31000pa3yBaHe [75 ToukH]

Karo cTpaHHYeH IPOAYKT OT 00pa3yBaHETO HA 3BE3/IH B FATAKTHKHTE. MEKIY3BE3IHHAT MPaxX MOKE
3HAUHTEIHO Ja II0rbIIHE yATpaBHoIeToBaTa (UV) H BHIHMAaTa CBETIHHA H 14 5 IPEeH3IbUH JaIeuHHA B
aa(pauepped auanazoH (FIR, 10 1o 300 um).

1.1. B yITpaBHOIETOBATA YacT OT CIIEKTHPA HA €IHA IATaKTHKA CBETIHHATA CE H3IHYBA OCHOBHO OT MIAIHTE
3Be31H. 00Pa3yBaHU OT HACTOAIIHTE IIPOLIECH Ha 3Be31000pa3yBaHe H mopanH ToBa, UV CBETHMOCTTA
MOJKE 1A CTYKH KaTo HaIeKIeH HHINKATOP 3a TeMIa Ha 3Be3moodpasyBaHe (SFR) B ramakTukata. Toit
KaTo UV CBeTHMOCTTA € CITHO NOBTHAHA OT MOTTBIIAHETO. IPHUMHEHO 0T Ipaxa. aCTPOHOMHTE, KOHTO
Cce 3aHHMAaBaT ¢ H3BbHTATAKTHIHH H3C/IeIBAaHHA ca Je(pHHHpATH eIHH HHIEKC. KOoHTO ca HapektH UV
continuum slope (P, 3a 1a ONAIIAT KOTHYECTBEHO (JOPMATa HA YITPABHOIETOBHA KOHTHHYYM:

fi=02"

KBJACTO f; € MOHOXPOMATHUHHAT MOTOK (CHEKTpalHa ILTBTHOCT) Ha FaTakTHKATa Ha HAKAKBA IB/DKIHA HA
BBIHATA (B eXmHAIE W.m™ ) a Q € CKaqHpanra (MamadHa) KOHCTAHTA.

(D1.1.1) (6 Toukn) AB 3Be3THHTE BETHUHHH MPECTABIABAT CIEIH(HIHA CHCTEMA OT 3BE3THH BETHUIHA H
ce 1edHHHpPAT HO CIeIHHI HAuHlH!
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AB 3Be3lHaTa BEIHUHHA B YITPABHOIETOBHA IHANIA30H € CPABHHTEIHO IIOCTOSHHA 3a €HA THIIHYHA
razakTHKa. KakBa e cToiiHocTTa Ha UV slope 3a Takaga ranaxtuka? ([Toackaska: f,Av = A4 )

(D1.1.2) (12 Toukn) B Tadauna | ca mpencTapeHH HaGIIOJATeTHHTE Pe3VATATH 0T HHppauepBeHa
(oTOMETPHATA Ha TaTaKTHKATa, HapeueHa CR7, ¢ UepBeHO OTMECTBaHe z = 6.60. HauepTtaiite AB
3Be3[HATA BeIHYHHA Ha CR7 KaTo (YHKIHA 0T J10rapHTBMA HAa Ib/UKHHATA HA BBJIHATA B OTIPABHA
CHCTeMa, B KofITO TA e HeMoJBH:KHA (B_IOTapHIMIUCH Mallad) Ha THCTa 3a YepTaHe Ha TpadHKH (Ha
JIoTapHTMHYHATA MITHMETPOBA XapTHA) H 4 03HaueTe Kato Figure 1.

(D1.1.3) (5 Tourn) ITpecyetreTe UV slope Ha CR7. HauepTalTe KPHBAra, K0ATO Haii-nodpe omucea UV
KOHTHHYYMA Ha Figure I 1 cpapHeTe To3n UV slope ¢ monyueHata ctoffHocT B gacT (D1.1.1). Chaspika 0
[I0BeYE IIpaX Ta3H FalakTHKA 0T OOHKHOBEHHTE ratakTHkH? (D1.1.1)7 Mous otroBopere ¢ [YES] nian
[NOJ. (Iloxckaska: I13pazeTe muyp KaTo QVHKIEA HA A H Mygpp. KBISTO Mygpo ¢ AB 3Be3anaTa
BeTHUIHA Ha THTAHNHA HA BETHATA Ao = 160 nm (1600 A))

Tadmuma 1. (B oTmpaBHa cHcTeMa, CBbp3aHa ¢ HadmogaTend) IR doToMeTpHT Ha ralakTHKATAa

CR7 ¢ z6.60
DHITEP Y J H K
LIeHTpAIHA X5 IRIHA HA 1.05 1.25 1.65 2.15

BBJIHATA(Jlm)
AB 3Be3aHa BeIHIHHA 2471 £0.11 2463+0.13 25.08=0.14 25.15+0.15
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1.2. ITpnemafiky, 4e IpalIHHKHATE OT B TATaKTHKATA MOTTBINAT €HSPrHATA Ha YITPABHONTETOBHTE (POTOHH H
A TIPEM3TEYBAT KATO U€PHOTETHO ThUeHHE, TO Bpb3KaTa Mexay UV continuum slope (). yITpaBHOIETOBaTA
apkoct (UV brightness. #a 1600 A) 1 apkocTTa B aneunns nadpaucpeel auama3oH (FIR brightness) Moxke
Ia ObJe 3aMHCcaHa 10 CTIeTHHI HAUHH:

IRX = log (;”R ) =S(B)
1600
KBIETO Fpjp € HaOM0IaBaHHAT IOTOK B JaTeUHHA HH(paUepBeH THANA30H, Fjgo ¢ HAOMIOOABAHHAT OTOK
Ha IBDKHHA Ha BEIHATA 160nm (B madopaTopHa HEMOABIDKHA CHCTeMa)(1600 A) (LIToToKsT" F; ce
ne(pHHHPA II0 CIeTHAAL HAUHH F; = A - f;). B TaGanma 2 ca pencTaBeHH CToliHOCTHTE HA 5. Frpp and
Fleoo 2220 6mm3ku ramakTaxe (Meurer et al. 1999).

Ta6mmma 2. UV slope. UV motok u FIR motok 3a 20 6II3KH TaTakKTHKH

IMe Ha razakTHKA UV Slope (10°Wm?) (10°Wm?)
NGC4861 -2.46 -9.89 -9.97
Mrk 153 -2.41 -10.37 -10.92
Tol 1924-416 -2.12 -10.05 -10.17
UGC 9560 -2.02 -10.38 -10.41
NGC 3991 -1.91 -10.14 -9.8
Mrk 357 -1.8 -10.58 -10.37
Mrk 36 -1.72 -10.68 -10.94
NGC 4670 -1.65 -10.02 -9.85
NGC 3125 -1.49 -10.19 -9.64
UGC 3838 -1.41 -10.81 -10.55
NGC 7250 -1.33 -10.23 -9.77
NGC 7714 -1.23 -10.16 -9.32
NGC 3049 -1.14 -10.69 -9.84
NGC 3310 -1.05 -9.84 -8.83
NGC 2782 -0.9 -10.5 -9.33
NGC 1614 -0.76 -10.91 -8.84
NGC 6052 -0.72 -10.62 -9.48
NGC 3504 -0.56 -10.41 -8.96
NGC 4194 -0.26 -10.62 -8.99
NGC 3256 0.16 -10.32 -8.44

(D1.2.1) (14 Touxn) basupaiixu ce Ha TaHHEHUTe B TalIdna 2, HadepTaiiTe rpaduKa, Ha METHMETPOBA
XapTui, Ha 3aBucHMocTTa IRX — [, o3HaueTe 1 ¢ Figure 2 u HauepTaiiTe mpaBaTa. KOATO Hafi-10Gpe OMHCBa
TOUKNTE. 3aNHIIeTe YPABHeHHeTo HA Ta3H npapa BEB Buaa ( IRX = a + f + b) oTcTpann Ha rpaduKara.

(D1.2.2) (6 Touky) OueHeTe AucmepcanTa (B exuanmn dex. , log(10%) —log(10*) = 5 dex ) Mexy
HaO0momaBaHHTe IRX o ps H MPeCMETHATHTE IRX preq CTOHHOCTH HA H3MOM3BAMKH CIIEAHOTO YPABHCHHE!

%.(AIRX;)?

N1 (unit: dex) where AIRX; = IRX; obs — IRX; pred

1.3. M3mom3Baiiki TOPHOTO MPEIIOI0KEHHE 34 IPOLIECHTE HA IPEIaBaHe Ha €HEPTHA. ChOTHOIEHHETO
MEKIY Frip B Fig0oMOKE 12 CE H3PA3M M0 CICTHIT HATHH:

F
_FIR ~ 109441600 _ 1

FIGOO
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KBICTO Fjggo€ MOTOKET IIPEIH IOITTEIIAHETO, A; € IIOITBIIAHETO OT IIPaxa B 3BS3JHH BETIUHHE KaTo
(YHELHA Ha TBKHHATA Ha BBIHATA A.

(D1.3.1) (6 Touxn) H3pazete A;600 KaTO QPyHKIHI 0T IRX.

(D1.3.2) (12 Toukn) Bazmpaiikn ce Ha TaHHHUTE B Ta0Inua 2 H (PYHKIHATA 38 A, g0 (IRX), KOATO CTe H3BETH
B [IP€/IHATA 1acT HA 2371auaTa. HauepTaiiTe rpaQuka, Ha MILTHMETPORA XapTHA, HA 3aBHCHMOCTTA A, 400 —
. o3HaueTe g Kato Figure3 u HauepTaiiTe mpaBaTa. KOATO Hall-T00pe OMHCBA JAaHHHTE. 3aMANIeTe
VPaBHEHHETO Ha Ta3H IpaBa BEB BHIA (Ajgo0 = a’ - f + b’ ) OTcTpaHH Ha rpadHEaTa.

(D1.3.3) (2 ToukH) AKo THHEHHHAT MojeT oT (D1.3.2) e BepeH, TO KaKBa € 0UaKBaHaTa cToffHocT 3a UV
continuuin slope £, Ha TaTakTHKA B KOATO HAMA HHKAKDB Mpax?

(G1) A spacecraft of mass m and velocity ¥ approaches a massive planet of mass M and orbital velocity
i, as measured by an inertial observer. We consider a special case, where the incoming trajectory
of the spacecraft is designed in a way such that velocity vector of the planet does not change
direction due to the gravitational boost given to the spacecraft. In this case, the amount of
gravitational boost to the velocity the spacecraft can be roughly estimated using conservation
laws by measuring asymptotic velocity of the spacecraft before and after the interaction and angle
of approach of the spacecraft.

spacecraft

Saturn
25 AugE1

spacecraft

Figure 1 Figure 2 Figure 3

(G1.1) What will be the final velocity (v}) of the spacecraft, if 7 and i are exactly anti-parallel
(see Figure 1).

(G1.2) Simplify the expression for the case where m < M.

(G1.3) If angle between ¢ and —ii is # and m < M (see Figure 2), use results above to write
expression for the magnitude of final velocity (vy).

(G1.4) Table on the last page gives data of Voyager-2 spacecraft for a few months in the year
1979 as it passed close to Jupiter. Assume that the observer is located at the centre of
the Sun. The distance from the observer is given in AU and A is heliocentric ecliptic
longitude in degrees. Assume all objects to be in the ecliptic plane. Assume the orbit
of the Earth to be circular. Plot appropriate column against the date of observation to
find the date at which the spacecraft was closest to the Jupiter, and label the graph as
G1.4.

(G1.5) Find the Earth-Jupiter distance, (dg_;) on the day of the encounter.

[=] [#]

(G1.6) On the day of the encounter, around what standard time (¢sq) had the Jupiter transited
the meridian in the sky of Bhubaneswar (20.27° N; 85.84° E; UT + 05:30)7



(G1.7) Speed of the spacecraft (in kms~!) as measured by the same observer on some dates
before the encounter and some dates after the encounter are given below. Here day n is
the date of encounter. Use these data to find the orbital speed of Jupiter (u) on the date

of encounter and angle 4.
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date | n—45 | n—35 | n—25 | n—15 n—>5 n
Viot 10.1408 | 10.0187 | 9.9078 | 9.8389 | 10.2516 | 25.5150
date n+5 n-+ 15 n + 25 n+ 35 n + 45

Viot 21.8636 | 21.7022 | 21.5580 | 21.3812 | 21.2365

(G1.8) Find eccentricity, e, of Jupiter’s orbit.

(G1.9) Find heliocentric ecliptic longitude, A, of Jupiter’s perihelion point.

Month | Date A Distance Month | Date A Distance

©) (AU) °) (AU)
June 1 | 135.8870 | 5.1589731906 July 17 | 138.4707 | 5.3684017790
June 2 | 135.9339 | 5.1629499712 July 18 | 138.5949 | 53722377051
June 3 | 135.9806 | 5.1669246607 July 19 | 138.7183 | 5.3760047603
June 4 | 136.0272 | 5.1708975373 July 20 | 138.8409 | 5.3797188059
June 5 | 136.0736 | 5.1748689006 July 21 | 138.9628 | 5.3833913528
June 6 | 136.1200 | 5.1788390741 July 22 | 139.0841 | 5.3870310297
June T | 136.1662 | 5.1828084082 July 23 | 139.2048 5.390644477
June 8 | 136.2122 | 5.1867772826 July 24 | 139.3250 | 5.3942369174
June 9 | 136.2582 | 5.1907461105 July 25 | 139.4448 | 5.3978125344
June 10 | 136.3040 | 5.1947153428 July 26 | 139.5641 | 5.4013747321
June 11 | 136.3496 | 5.1986854723 July 27 | 139.6831 | 5.4049263181
June 12 | 136.3951 | 5.2026570402 July 28 | 139.8016 | 5.4084696349
June 13 | 136.4405 | 5.2066306418 July 29 | 139.9198 | 5.4120066575
June 14 | 136.4857 | 5.2106069354 July 30 | 140.0377 | 5.4155390662
June 15 | 136.5307 | 5.2145866506 July 31 | 140.1553 | 5.4190683021
June 16 | 136.5756 | 5.2185705999 August 1| 140.2725 | 5.4225956100
June 17 | 136.6202 | 5.2225596924 August 2 | 140.3895 | 5.4261220723
June 18 | 136.6647 | 5.2265549493 August 3 | 140.5062 | 5.4296486357
June 19 | 136.7090 | 5.2305575243 August 4 | 140.6225 | 5.4331761326
June 20 | 136.7532 | 5.2345687280 August 5 | 140.7387 | 5.4367052982
June 21 | 136.7970 | 5.2385900582 August 6 | 140.8546 | 5.4402367851
June 22 | 136.8407 | 5.2426232385 August T | 140.9702 | 5.4437711745
June 23 | 136.8841 | 5.2466702671 August 8 | 141.0856 | 5.4473089863
June 24 | 136.9273 | 5.2507334797 August 9 | 141.2007 | 5.4508506867
June 25 | 136.9702 | 5.2548156324 August 10 | 141.3157 | 5.4543966955
June 26 | 137.0127 | 5.2589200110 August 11 | 141.4303 | 5.4579473912
June 27 | 137.0550 | 5.2630505798 August 12 | 141.5448 | 5.4615031166
June 28 | 137.0969 | 5.2672121872 August 13 | 141.6591 | 5.4650641822
June 29 | 137.1384 | 5.2714108557 August 14 | 141.7731 | 5.4686308707
June 30 | 137.1795 | 5.2756542053 August 15 | 141.8869 | 5.4722034391
July 1 | 137.2200 | 5.2799520895 August 16 | 142.0006 | 5.4757821220
July 2 | 137.2600 | 5.2843175880 August 17 | 142.1140 | 5.4793671340
July 3| 137.2993 | 5.2887686308 August 18 | 142.2272 | 5.4829586711
July 4 | 137.3378 | 5.2933308160 August 19 | 142.3402 | 5.4865569133
July 5 | 137.3754 | 5.2980426654 August 20 | 142.4530 | 5.4901620256
July 6 | 137.4118 | 5.3029664212 August 21 | 142.5657 | 5.4937741595
July T | 137.4467 | 5.3082133835 August 22 | 142.6781 | 5.4973934544
July 8 | 137.4798 | 5.3140161793 August 23 | 142.7904 | 5.5010200385
July 9 | 137.5116 | 5.3210070441 August 24 | 142.9024 | 5.5046540300
July 10 | 137.5628 | 5.3312091210 August 25 | 143.0143 | 5.5082955377
July 11 | 137.6898 | 5.3405592121 August 26 | 143.1260 | 5.5119446617
July 12 | 137.8266 | 5.3466522674 August 27 | 143.2375 | 5.5156014948
July 13 | 137.9599 | 5.3516661563 August 28 | 143.3488 | 5.5192661222
July 14 | 138.0903 | 5.3561848203 August 29 | 143.4599 | 5.5229386226
July 15 | 138.2186 | 5.3604205657 August 30 | 143.5709 | 5.5266190687
July 16 | 138.3453 | 5.3644742164 August 31 | 143.6817 | 5.5303075275
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