Gravitational Field - 2021 A2

1. Nov/2021/Paper_41/No.2
(a) Define gravitational potential.

- [2]
(b) The Earth E and the Moon M can both be considered as isolated point masses at their

centres. The mass of the Earth is 5.98 x 10°*kg and the mass of the Moon is 7.35 x 10?2kg.
The Earth and the Moon are separated by a distance of 3.84 x 108m, as shown in Fig. 2.1.

3.84 x 108m
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mass 5.98 x 10%*kg E! mass 7.35 x 10%2kg

P is a point, on the line joining th
strength is zero. Point P is at a
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e x from the centre of the Earth.

(i) Explain how it i
presence of tw

or the gravitational field strength to be zero despite the
sses nearby.

(ii) Show that x is approximately 3.5 x 10®m.
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(iii) Calculate the gravitational potential ¢ at point P.
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(b) A moon of mass M and radius R orbits
time, the distance between their cen
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Fig. 2.1

Point P is a point along the line between the centres of the planet and the moon, at a variable
distance x from the centre of the planet.

The variation with x of the gravitational potential ¢ at point P, for points between the planet
and the moon, is shown in Fig. 2.2.



0 X
02R D—-R1T
L -
= .
N
Jf
)I
v
!/ \
\
1
i
I
ll
|
B

Fig. 2.2 A, |
(i) Explain why ¢ is negative throughout the entire“r:anée x=2Rtox=D-R.
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(ii) One of the featmeQ&2 is that ¢ is negative throughout.

Describe twobﬂ'lﬁl‘

features of Fig. 2.2.



(iiif) On Fig. 2.3, sketch the variation with x of the gravitational field strength g at point P
between x=2Rand x=D-R.
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The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 10%%kg
concentrated at its centre.

A satellite of mass 1200kg is in a circular orbit about the Earth in the Earth’s gravitational field.
The period of the orbit is 94 minutes.

(a) Define gravitational field strength.

(b) Calculate the radius of the orbit of the satellite.

(c)

Rockets on the satellite are fire t the satellite enters a different circular orbit that has
a period of 150 minutes. T e in the mass of the satellite may be assumed to be
negligible.

(i) Show that the

&

*

the new orbit is 9.4 x 10®m.

[2]

(i) State, with a reason, whether the gravitational potential energy of the satellite increases
or decreases.



4,

(iii) Determine the magnitude of the change in the gravitational potential energy of the
satellite.

change in potential energy = ... i J [3]
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(a) Define gravitational field strength. &

(b) Anisolated planet is a uniform sphé@adius 3.39 x 10%m. Its mass of 6.42 x 1023kg may
be considered to be a point ma ntrated at its centre. The planet rotates about its axis
with a period of 24.6 hours.

For an object restin

u;ace of the planet at the equator, calculate, to three significant
figures:

(i) the gravi frength
"“

*

field strength = ..., Nkg™' [2]



(ii) the centripetal acceleration

acceleration = ...,

(iii) the force per unit mass exerted on the object by the surface of the planet.
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5. March/2021/Paper_42/No.1
(a) State Newton’s law of gravitation.

(b) Planets have been observed orbiting a star in another solar system. Measurements are made
of the orbital radius r and the time period T of each of these planets.

The variation with R® of T2 is shown in Fig. 1.1.
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The relationship between T and R is given by

72 = 4n°R°
GM

where G is the gravitational constant and M is the mass of the star.

Determine the mass M.

_______________________________________ Q @

y E, of the rock is given by

(ii) Show that the Q
E = GMm

2r
%
(2]
(iii) Use the expression in (c)(ii) to derive an expression for the total energy of the rock.
(2]
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