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Top view: Triangle MCB: |CM| = 195 km, £MCB = 230° — 180° = 50°, and

£MBC = 75° s0 £CMB = 180° — 75° — 50° = 55°.

Then |CB| = % — 165.4 km.

Triangle DCB: |CB| = 165.4 km, «DCB = 215° — 180° = 35°,and 2DBC = 75°,

111 50 2CDB = 180° — 75° — 35° = 70°. 1.2
__|CB|sin(«DBC) __

Then [CD| = ~einGZoDE) = 170.0 km.

Triangle ECB: |CB| = 165.4 km, £ECB = 221° — 180° = 41°, and £EBC = 75°,

S0 £CEB = 180° — 75° — 41° = 64°.

__|CB|sin(<EBC) _

Then |CE| = ~einZCER) = 177.7 km.

Triangle ECD:£ECD = 41° — 35° = 6°. Horisontal distance travelled by

Maribo:|DE| = 2ESIECD) _ 19 77 km

sin(2CED)

Side view: Triangle CFD: |FD| = |CD| tan(£FCD) = 59.20 km

Triangle CGE: |GE| = |CE|tan(£GCE) = 46.62 km

Thus vertical distance travelled by Maribo: |FD| — |GE| = 12.57 km.

Total distance travelled by Maribo from frame 155 to 161:

|FG| = /|DE|2 + (|FD| — |GE|)2 = 23.43 km.

The speed of Maribo is v = ——22X_ — 28 6 km/s

2.28s5-1.46s
2

Newton's second law: mM2 = —kpymmREV? yields izdv = — KPatmnfit 4,

1.2a a ) v i 0.7
i i —_™ (1 41 _

By integration t = Pr——) (0_9 1) v 0.88 s.

Exi vk, 4.2x108
1.2b| ko — = == =2.1x10% > 1. 0.3

Emelt ¢sm(Tsm—To) + Lsm 2.1X106
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[x] = [t]a[psm]ﬁ[csm]y [ksm]6 = [S]“[kg m_3]ﬁ[m2 S_ZK_l]y [kgm S_3K_1]6,
o) [m] — [kg]ﬁ+6[m]—3ﬁ+2y+6[S]a—Zy—36[K]—y—6.
Thusf+6=0, -38+2y+6=1, a—2y—36§=0,and —y—6=0.

FI’OITI Wthh ((X,B,y, 6) = (+%,_%’_%,+%) and x(t) ~ ’pksr:t .

0.6

1.3b

x(5s) =1.6mm x/Ry = 1.6 mm/130 mm = 0.012.

0.4

1.4a

Rb-Sr decay scheme: §7Rb — §7Sr + _Je + v,

0.3

1.4b

Ng7rb(t) = Ng7rp(0)e**and Rb—Sr: Ngs,(t) = Ngys:(0) + [Ng7rp (0) — Ngzrp (D]
Thus Ng;s,(t) = Ng;5,(0) + (et — 1)Ngsrp (£), and dividing by Nges, We obtain the
equation of a straight line:
Ng7sr(t) _ Ng7sr(0) + (e/u: ~1) N87Rb(t).
Nggsr Nggsr Nggsr

0.7

1.4c

_0.712-0.700 In(2)

= 4.9 x 10° year.
0.25

Slope: e*t — 1 = =0.050and T;, =

In(1+a)
In(2)

SOTM=1n(1+a)/l1= Ty, = 3.4 x 10° year .

0.4

1.5

Kepler's 3rd law on comet Encke and Earth, with the orbital semi-major axis of Encke
3

given by a = %(amin + Apax)- ThUS tepcke = ( )E tg = 3.30 year = 1.04 X 108 s.

a
ag

0.6

1.6a

For Earth around its rotation axis: Angular velocity wg = ;—”h =727 %x107>s71,

Moment of inertia Iy = 0.83§mER§ = 8.07 X 1037 kg m?.
Angular momentum Lg = Igwg = 5.87 X 1033 kg m?s™1.
Astroid myge = 4?"Rgstpast = 1.57 x 101° kg and angular momentum L, =

MastVastRE = 2.51 X 1026 kg m?s~1. L, is perpendicular to Lg, so by conservation
angular momentum: tan (A8) = L,g/Lg = 4.27 X 1078,
The axis tilt A = 4.27 x 1078 rad (so the north pole move Rg A = 0.27 m).

0.7

1.6b

At vertical impact ALg = 0 s0 A(l[gwg) = 0. Thus Awg = —wg(Alg)/Ig, and since
Alg/Ig = mugRE/1Ig = 7.9 X 10710 we obtain Awg = —5.76 x 10~* s~1. The change

in rotation period is ATg = Zn( 1 i) ~ —2m A:’ZE =6.84 X107 °s.

wWE+AwEg WE E

0.7

1.6¢

At tangential impact L, is parallel to Lg S0 Lg + L,s; = (Ig + Alg) (wg + Awg) and
thus ATy = 2n( ! —i) =2n (M—i) = -3.62%x1073s.

wWg+Awg WE Lg+Lgast WE

0.7
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1.7a|Minimum impact speed is the escape velocity from Earth: vimmig = /ziﬂ =11.2km/s | 0.5
E

Maximum impact speed vjy* arises from three contributions:

() The velocity v, of the body at distance ag (Earth orbit radius) from the Sun,

vy, = ’ZGmS = 42.1 km/s.
ag
2mag

1.7p | (1) The orbital velocity of the Earth, vg = - = 29.8 km/s. 1.2

year

(111) Gravitational attraction from the Earth and kinetic energy seen from the Earth:

1 2 Gmg | 1/ max)2
~(vp +tvg) = — =(v;
2 ( b + E) RE +'2 imp

In conclusion: vy = \/(vb +vg)? + Z(;ﬂ = 72.8 km/s.
E

Total 9.0
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