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Gravitational Field

Aregion in space
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Graph of gov for a point mass
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    Section  A

    Answer all the questions in the spaces provided.

1 (a) Define gravitational field strength.

 ..........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) An isolated star has radius R. 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 gs.

  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.

0R 2R 3R 4R
distance

0.2gs

0.4gs

0.6gs

0.8gs

gravitational
field strength

surface
of star

1.0gs

Fig. 1.1
 [2]

 (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 × 1024 kg and 7.40 × 1022 kg 
respectively.

  The radius of the Earth is RE and the separation of the centres of the Earth and the 
Moon is 60 RE, as illustrated in Fig. 1.2.

Earth
mass

6.00 x 1024 kg

Moon
mass

7.40 x 1022 kg

RE

60 RE

Fig. 1.2 (not to scale)
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  (i) Explain why there is a point between the Earth and the Moon at which the 
gravitational field strength is zero.

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................. [2]

  (ii) Determine the distance, in terms of RE, from the centre of the Earth at which the 
gravitational field strength is zero.

 distance  =   ...........................................RE  [3]

  (iii) 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.

0

gravitational
field strength

surface
of Earth

surface
of Moon

distance

Fig. 1.3
 [3]
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Gravitational Potential Energy (Up) planet
up =0

· Workdone in moving an object · ⑲
-

from infinity to a point in a D

gravitational field. planet
Up = - 10,0005

0 Due ·- ,,,,,,,,,)·to gravitational force, the Yarock Favels Towards the planet
and covers distance parallel to
it. Hence work isdone bythe
rock as itgetscloser to the

planet.

·
Potential energy is notthe amountof energy a body has.It is the amount of energy, a body needs to escape

gravitational field and reach infinity.
planet

Up = - GNm M
-

Gravitational Potential (P)
an @

Itisthe workdone per unit mass ->
P =Pso

to move an objectfrom infinity
topoint

in a gravitational 0 = - Nm hence

0 =
- 4N

Itistheenergyrequiredpansee
gravitational field fromthat Up =4xm

frint.

e.g. 4 = -100,0005/kg means Ik objectneeds 100,0005to

escape gravitational field.
DUp =1Pxm



Why is gravitational potential always negative?

~Gravitational potential iszero at infinity
~ Due to attractive force, work is done by the mass

as objectmoves towards the planet.
~

Thereforegravitational potential decrease and
isinthe

P- graph fora pointmass
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Why is of constant inside the point mass?

Inside a point mass, g = 0. Hence F =0.

As Workdone=FxS and F=0 so no more work is done

andthere is no more loss in GPE.

Hence it stays constant.
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a) Using the pat the

surface of Earth, find
outthe mass &
Earth.

b) Calculatethe speed-................... of lock traveling from
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Answer all the questions in the spaces provided.

1 (a) By reference to the definition of gravitational potential, explain why gravitational potential is a 
negative quantity.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) Two stars A and B have their surfaces separated by a distance of 1.4 × 1012 m, as illustrated in 
Fig. 1.1.

star A star B

1.4 = 1012 m

P

x

Fig. 1.1

  Point P lies on the line joining the centres of the two stars. The distance x of point P from the 
surface of star A may be varied.

  The variation with distance x of the gravitational potential φ at point P is shown in Fig. 1.2.

–2
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–6

–8

–10

–12

–14

–16

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
x / 1012 m

��/ 108 J kg–1q

Fig. 1.2
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Gravitational potential is zero at infinity. Due to attractive
nature of force, work is done by the mass in moving
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  A rock of mass 180 kg moves along the line joining the centres of the two stars, from star A 
towards star B.

  (i) Use data from Fig. 1.2 to calculate the change in kinetic energy of the rock when it 
moves from the point where x = 0.1 × 1012 m to the point where x = 1.2 × 1012 m.

   State whether this change is an increase or a decrease.

 change  =   ............................................................. J

  ..................................................................................
[3]

  (ii) At a point where x = 0.1 × 1012 m, the speed of the rock is v.

   Determine the minimum speed v such that the rock reaches the point where 
x = 1.2 × 1012 m.

 minimum speed  =   ...............................................  m s−1  [3]

[Total: 8]

25 of 814
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gain in KE= loss in PE
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Orbital Motion
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Geostationary satellite

· satellites in a geostationary orbit
· They have the same angular =
speed as that of the Earth

· And they move in the same
&

-
·

direction as Earth's rotation.
i.e. West to East.

I

3 marks!!
=>Asthey move withthe Earth, Geostationary Orbit

⑨

they appear to be stationary above 1. It is an equitorial
the Earth's surface. orbit(i.e. above equator)

a. satellitein this orbit

Earth has the same angular=-
mass:5.99 x1024kg speed as of Earth.

= 4:6.67x18
- 1

3. It moves in the same

&·Time Period. 24 hours directionas rotation of
Earth i.e. West to East.

= of orbit 186400 seconds
I

T=

4tu
124x36001:4/TZv3 so v =4.23x10 "m

6.67 x 10"x5.99 x1027



linean speed of a geostationary satellite.

v =rw

v =(4.23 x 105192c2b00)
v =307601 =3100m/
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radius of orbit possesses
more K.Eand hence

orbitsfaster.


