Marking breakdown:

a, 1
a, 1
b - Atlantis in uniform circular motion :0,5
- calculation of the period Q - 0,5
- equation of motion of the satellite 12,5
- equation of motion for small angles :0,5
- period of oscillations 1
Cl - ' 1
c, - calculation of the time the current has to be maintained 01,5
- increase or decrease of the radius of the orbit :0,5
Solution of question 3.
a- 1st method !

& Pt
For equilibrium we have F, = F, + N EFC

where N is normal to the surface.
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d

Resolving into horizontal and vertical . .
components, we find: Fg V2.

F,cos($p) = F, + N.sin(x)

F, sin( ) - Ncos(o) - Fpcos(¢p) = F, + Fsin(d).rg(e)

From:
Fy = (ii\l , F. = wir, x = rcos(¢), y = rsin(¢) en rg(a) = %
we find:
y.dy + ( - g;)xdx =0
where:
O’ 710

This means that, although r depends on x and y, the change in the factor in front of
xdx is so slight that we can take it to be constant. The solution of Eq. (1) is then an
ellipse:
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x— + y— = 1 -~ P = 1 - w~.r ~ 1 _ w-.r
re2 rp2 r, GM 2.G.M
and from this it follows that:
r —r 2.3
e=—<—2 =27 ~3710"
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2nd method
For a point mass of 1 kg on the surface,

GM
r

U = w2.r2.cos¥(P)

pot

Upn =

n

N | =

The form of the surface is such that U,,, - U, = constant. For the equator (® = 0,
r = r,) and for the pole (® = /2, r = r,) we have:

3
GM _GM ) o w7,
= + —wr, > — =1+
r, r, r, 2.G.M
Thus:
wir]
r - r 1+ -1 w2r
€ = e P _ 2GM ~ ‘e ~ 3,7.10_4
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As a consequence of the star-quake, the e
moment of inertia of the crust I, decreases .-
by Alm . 314,162
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From the conservation of angular o

momentum, we have: 314,158
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After the internal friction has equalized the angular velocities of the crust and the
core, we have:



W, - 0,
a, +1)w, =, +1, - Alm).oo2 - Alm =, + Ic).T
2

I, ) (w, - W), Lo I ) (0, - Wy).0,
I, +1, (0, - 0)0, I, +1, (0, - 0)0,
I()R?
] 2
e c = r_c - Q = 1 - (wz wO) wl ~ 0.95
I+ 1, r?2 r (0, - W),
Marking breakdown
a 1st method - expressions for the forces :1
- equation for the surface 2
- equation of ellipse :1
- flattening factor .1
2nd method - energy equation
- flattening factor
b - conservation of angular momentum for crust :1.5
- conservation of angular momentum for crust and core :1.5
- moment of inertia for a sphere :1

- ratio r/r :1



