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Formation of the Venus-2 (35 points).

A comet of mass am is heading ("falls") radially towards the Sun. It is known that the total mechanical
energy of the comet is zero. The comet crashes into Venus, whose mass is m. We further assume that
the orbit of Venus, before the collision, is circular with radius R,,. After the crash, the comet and Venus
form a single object, called “Venus-2".
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14.1  Find the expression in terms of M., and R, for the orbital speed, v, , of Venus  1.0pt
before the collision.

14.2  Find an expression for the total mechanical energy of Venus in its orbit before  1.0pt
colliding with the comet.

14.3  Find an expression for the radial velocity, v, , the angular momentum, L, of 10.0pt
"Venus-2" immediately after the collision.

14.4 Find an expression for the mechanical energy of the combined object “Venus-2"  5.0pt
and express it in terms of energy before the collision, E;, and « .

14.5 Show that the post-collision orbit of “Venus-2" is elliptical and determine the  5.0pt
semi-major axis of the orbit.

14.6  Determine if the year for the inhabitants of “Venus-2" has been shortened or  3.0pt
lengthened because of collision with the comet. Write the ratio between the
period of Venus-2 and Venus.
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14.7 Whatshould be the value of a such that the post-collision orbit of Venus-2would  5.0pt
make it crash in the Sun? We will call this as «,

14.8 A comet with a = «, collided with Venus. Calculate the percentage change in  5.0pt
the magnitude of Venus' velocity (§v) and the change in the direction of the
velocity vector (60) immediately after the collision.
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O6pasyBaHe Ha BeHepa-2 (35 TouKW)

Kometa ¢ maca am ce npubnnxasa (naga) pagnanHo kbM CnbHLUeTO. MI3BeCTHO e, Ye Nb/HaTa Mexa-
HVUYHa eHeprva Ha kKoMeTaTa e Hyna. Tasum komeTa ce yaps ¢ BeHepa, unaTto maca e m. LLle npumewm, ye
opbuTata Ha BeHepa, npean conbCbka e buna Kpbroea c paguyc R,. Cnej ToBa, komeTaTta 1 BeHepa
dopmupaT eguiH 06ekT, HapeyeH "BeHepa-2".
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141  HamepeTe 13pas 3a opbutanHara ckopocT, v, , Ha BeHepa npeamn conbCbKa. 1.0pt

14.2 HamepeTe 13pas 3a NbaHaTa MexaHW4YHa eHeprua Ha BeHepa, no HenHaTa op-  1.0pt
6uTa, Npean cbnbCbKa C KOMeTaTa.

14.3 HaMmepeTe 13pa3 3a KOMMOHEHTaTa Ha CKOPOCTTa Mo pajnyc-sekTopa, v, , Mo-  10.0pt
MeHTa Ha uMnynca, L , Ha BeHepa-2 BegHara cnep conbCbka.

14.4 HawmepeTe 13pa3 3a MexaHNYHaTa eHeprus Ha KOMbMHMpaHusa obekT "BeHepa-  5.0pt
2", n3pasaBaliku a1 Ype3 eHeprusaTa npeam conbcbka (E;) o .

14.5 TokaxeTe, Ye opbuTaTta Ha "BeHepa-2" cnea cbnbCbka e ennTuyHa 1 onpege-  5.0pt
neTe ronsimMaTa nosayoc Ha Ta3u opbuTa.

14.6 Onpegenete fanu rogmHata 3a Xutenute Ha "Vennus” ce e ckbcuna nnm ce  3.0pt
e yAb/KnAa BCIeACTBME Ha COnbCbKa C KOmMeTaTa. 3anviieTe OTHOLLeHNeTo
Mexzy nepuoamnTe Ha BeHepa-2 n BeHepa.

14.7 Tpwn KakBa CTONHOCT Ha « NpW CBOETO ABWXKelne No opbuTaTa cv BeHepa-2 we  5.0pt
ce 6bcHe B CnbHLUeTOo? LLe 03HaumMMm Tasm CTOMHOCT C «,.




Theory

Q14-2

Bulgarian (Bulgaria)

BGR-1 D-14 Q-2

International Olympiad on Astronomy and Astrophysics

14.8 KomerTa, 3a KOATO @ = «, Ce cbnbCkBa ¢ BeHepa. NpecmeTHeTe oTHOCUMTeNnHaT  5.0pt
(MpoueHTHaTa) NpoMsiHa Ha rolemMrHaTa Ha cKkopocTTa Ha BeHepa (dv) 1 brba
MeX/y MOCOKUTE Ha Ha HeliHaTa CKOpPOCT npeaun v cied yaapa (66).
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Formation of the Venus-2 (35 points).

14.1 (1.0 pt)

Vg =

14.2 (1.0 pt)

E, =

14.3 (10.0 pt)

14.4 (5.0 pt)

E =

14.5 (5.0 pt)

14.6 (3.0 pt)
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s T 4=2

English (Official)

14.7 (5.0 pt)

a, =

14.8 (5.0 pt)
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