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A spherical planet has mass M and radius R.

The planet may be assumed to be isolated in space and to have its mass concentrated at its
centre.

The planet spins on its axis with angular speed m, as illustrated in Fig. 1.1.
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1 pole of
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Fig. 1.1

A small object of mass m rests on the Equat-:::r of the planel TE: surface of thg planet exerts
a normal reaction force on the mass. N

(a) State formulae, in terms of M, m, A and ., for

(i) the gravitational force between the planet and the object,

= ™

(ii) the centripetal force required for circular mc:-ltc:-n of the small mass,

(iii) the normal reaction emrtad by the planet on the mass. Fg..t - F + W
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(b) (i) Explain why the normal reaction on the mass will have different values at the
equator and at the poles.
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(ii) The radius of the planet is 6.4 x 10°m. It completes one revolution in 8.6 x 10%s.
Calculate the magnitude of the centripetal acceleration at

1. the equator,
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0. - L (3 ) (6-4x1s)
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acceleration = .........cccoeeeeceeeeeeeeeeenen. .ms2[2]

2. one of the poles. )
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acceleration = .............. 3 S, ms=2 [1]

(c) Suggest two factors that could, in the case of a real planet, cause variations in the
acceleration of free fall at its surface.
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. (a) (i) On Fig. 7.1, draw lines to represent the gravitational field outside an isolated uniform sphere.

Y
e

Fig. 7.1 ,
(ii) A second sphere has the same mass but a smaller radius. Suggest what difference, if any, there is between the
patterns of field lines for the two piﬁcs,
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(b) The Earth may be considered to be a uniform sphere of radius 6380 km with its :

mass of 5.98 x 10** kg concentrated at its centre, as illustrated in Fig. 7.2
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5.98x 10°4kg

\ZJ = Eguater ‘I“ﬁ% e FW‘E‘-
g Qr'l"? Eq. € f
f Fig. 7.2 %

y* 0D

A mass of 1.00 ke on the Equator rotates about the axis of the Earth with a period of 1.00 dav (8.64 x 10 s)
Calculate, to three significant figures,

(i) the gravitational force Fg of attraction between the mass and the Earth,

P GMm _ (g g,7m“)(5%m )(1-60)
R* KGB%OKIDEJ

(i) the centripetal force Fr on the 1.00 kg mass,

2
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(iii) the difference in magnitude of the forces.
Fe B~ %
= 4 7T7TN

difference = q 7 7

. N
(c) By reference to vour answers in (b), suggest, with a reason, a value for the dLLtlemtmn uf' Fr-:::: f-;l” at the Fqudtnr

ATT = A= W1 . QeFrpme

S

2]



O () = ok 238
Aoe 2K —— 2
5.;'31?4\ :
%o UR S
At allnde [ Roig®t (95)
I <3 3\ e
%9\ - s -
Divide bkj (1)
W - BE R ¥
= . N i
ﬂg lﬁ;l_,pq_q_-i %5 22
R
- @) _ Craleml o9 ot
08 -'-1?_ = G - Hh

MBU{Q, Vol b-g A decvedes lqﬁ &Mnufﬂa
oo Admote  Aoltin~8Pis vl gwad emish

Wor 3w foicg & plavek- Og = (@)
_gt_l
A R 2R 3R UR

%R %5 0-259, O\ 4, n-n6335







(a) Define gravitational field strength.
£ i -
Gx{mn\-ﬂ&nmﬂgnfmm\m@m% ..................... .
(b) An isolated star has radius A. The mass of the star may be considered to be a point

mass at the centre of the star.
The gravitational field strength at the surface of the star is g,..

On Fig. 1.1, sketch a graph to show the variation of the gravitational field strength of the
star with distance from its centre. You should consider distances in the range R to 4R.
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(c) The Earth and the Moon may be considered to be spheres that are isolated in space
with their masses concentrated at their centres.
The masses of the Earth and the Moon are 6.00 x 10**kg and 7.40 x 10%%kg
respectively. =
The radius of the Earth is Az and the separation of the centres of the Earth and the
Moon is 60 R, as illustrated in Fig. 1.2.
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Fig. 1.2 (not to scale)



(I) Explain why there is a pﬂIFII .Ei-E‘-l:'l;';‘;El‘l the éarth and the Moon at which the
gravitational field strength is zero.
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(i) Determine the distance, in terms of Ag, from the centre of the Earth at which the
gravitational field strength is zero.
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distance = ..o D AKE o R [3]

(iili) On the axes of Fig. 1.3, sketch a graph to show the variation of the gravitational
field strength with position between the surface of the Earth and the surface of the
Moon.
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