Crapwa rpyna — 4 onu 2023r.

Da ce n3seaart: nbpsBa 1 BTOPa KOCMUYECKa CKOPOCT, popmyna 3a NoTeHunanHa eHeprus 61130 o
NOBBPXHOCTTA Ha NsiaHeTa (mgh), TpeTn 3aKoH Ha Kennep 3a ABOMHa cuctema, popmynuTe 3a
CKOPOCTU B adenunit n nepuxenuii, bopmynarta 3a eHeprus Ha ABUMKeHWe no enunca, popmynara 3a
MOMEHT Ha umnynca.

4. Catastrophe. Imagine, that on July 5, 2084 the mass of the Sun suddenly has
decreased to half its original value. Calculate a new period of revolution of the
Earth around of the new Sun.

3agaya 3. KakTto e 13BecTHO, IYHHO 3aTbMHEHME CTaBa, KOraTo rMraHTCKa MUTUYHA Nams MOrb/He
JlyHaTa. B MMHanNoTo No Bpeme Ha NIYHHO 3aTbMHeHMe XopaTa ca CTPeasan C NylKu B HebeTo, 3a Aa
M3naalwaT namaTta 1 ga A NPUHYAAT Aa BbpHe JlyHaTa. HeKka gonycHem, Ye ToBa BeYe € OMPb3HaNo Ha
namsara. Mpu NnopeaHoOTo NAaHUPaHO OT HeA JIYHHO 3aTbMHeHue TA nomblua JlyHata 1 MUTHOBEHO
n34ye3Ba, KaKTO CaMo laMUTe YMEST.

e Onuwete NbpPBO KAYECTBEHO KaK e Ce NPOMEHAT B pe3ynTaT Ha ToBa opbutata Ha 3emATa u
nepuoabT 1 Ha obuKanaHe okono ChbHLUETO.

e OnuTaiTe ce ga HanpaBUTE U KOIMYECTBEHW OLIEHKM, KaTo NpuemeTe, Ye opbuTaTta Ha UeHTbpa
Ha MacuTe Ha cuctemaTa 3emsa-J/lyHa oKkono CabHLETO e Kpbrosa ¢ paguyc 149,6x10° km,
pasctoAaHueTo mexay 3emaArta u JlyHaTa e 384000 km, a macaTa Ha JlyHaTa e 81 nbTM No-maJsika
OT MacaTa Ha 3emATa.

5. Jupiter disappeared. Let us suppose that Jupiter suddenly disappeared. The moons of Jupiter became
independent bodies.

5.1. Which former Galileo moon(s) and in what case may leave the Solar system?

5.2. Which former Galileo moon(s) and in what case may fall into the Sun?

The answers “which moon” and “in what case” (configurations at the moment of Jupiter disappearance)
have to be given in the form of drawings, and calculations should be the base for the answers. The names
of the moons in the solution and in the drawings should be written in English. Consider the orbit of Jupiter
(before its disappearance) to be circular.

Problem 6: Derive a relation for the escape velocity of an object, launched from the center of a proto-
star cloud. The cloud has uniform density with the mass of M and radius R. Ignore collisions between
the particles of the cloud and the launched object. If the object were allowed to fall freely from the

: . . oM
surface, it would reach the center with a velocity equal to ’T .

Problem 16: High Altitude Projectile (45 points)

A projectile which starts from the surface of the Earth at the sea level is launched with the initial
speed of v, = \/(GM/R) and with the projecting angle (with respect to the local horizon) of 8 = % .

M and R are the mass and radius of the Earth respectively. [gnore the air resistance and rotation of the
Earth.

a) Show that the orbit of the projectile is an ellipse with a semi-major axis ofa = R.

b) Calculate the highest altitude of the projectile with respect to the Earth surface (in the unit of
the Earth radius).

¢) What is the range of the projectile (distance between launching point and falling point) in the
units of the earth radii?

d) What is eccentricity (e) of this elliptical orbit?

¢) Find the time of flight for the projectile.
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