
Gravitational Fields 
 
Q1. 
  
In 1990, the Hubble Space Telescope (HST) was launched into a low Earth orbit above the 
Earth's atmosphere. 

HST orbits the Earth in a circular orbit with a speed of 7.59 km s–1. 

mass of Earth = 5.97 × 1024 kg  
radius of Earth = 6.37 × 106 m 

(i)  Show that the height of HST above the surface of the Earth is about 6 × 105 m. 
(3) 

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

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

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

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

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

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

(ii)  Calculate the increase in the gravitational potential energy as HST is raised, from its 
initial position at the Earth's surface, to its orbital height. 

mass of HST = 11 600 kg 
(2) 

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

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

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

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

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

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

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

Increase in gravitational potential energy = ...........................................................  
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(iii)  A student suggests that giving HST more energy than that required in (ii) would result in 
the satellite orbiting at a greater height and with a greater speed. 

Assess the validity of the student's suggestion. 
(4) 

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

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

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

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

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

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

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

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

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

  
(Total for question = 9 marks) 

  
 
Q2. 
  
The acceleration of free fall at the surface of the Earth is 9.81 m s−2.  
The mass of the Earth is M and the diameter of the Earth is D. 

Which of the following gives the acceleration of free fall, in m s−2, at the  

surface of a planet with diameter  and mass ? 

 

  
(Total for question = 1 mark) 
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Q3. 
  

Astronomers observing stars at the centre of our galaxy have suggested that many of them 
are orbiting a supermassive black hole. The mass of this black hole is 9.2 × 1036 kg. 

Calculate the orbital period for a star in a circular orbit at a distance of 1.9 × 1014 m from a 
black hole of this mass. 

(3) 
 .............................................................................................................................................  

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

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

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

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

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

Orbital period = ...........................................................  

  
(Total for question = 3 marks) 

  
 
 
Q4. 
  
Electric and gravitational fields have a number of similarities and differences. 

An electric field is produced by a point charge and a gravitational field is produced by a point 
mass. 

Which of the following statements applies to both of these fields? 

   A    The field causes a force on all particles. 

   B    The force caused by the field can be attractive or repulsive. 

   C    At a distance x from the centre of the field, field strength is proportional to x2. 

   D    At a distance x from the centre of the field, potential is proportional to 1/x. 

 
  

(Total for question = 1 mark) 
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Q5. 
  
Which of the following statements about the fields is not correct? 

 
  

(Total for question = 1 mark) 
  
 
 
Q6. 
  
In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after four 
years in orbit observing the surface of Mercury. 

Messenger's orbit was highly elliptical, varying between 200 km and 15 000 km above the 
surface of Mercury. Messenger completed one full orbit every 12 hours. 

mass of Messenger spacecraft = 565 kg 
 mass of planet Mercury = 3.30 × 1023 kg 
 radius of planet Mercury = 2430 km 

It has been suggested that the same orbital period of about 12 hours could have been 
achieved if Messenger was in a circular orbit 7690 km above the surface of Mercury. 

(i)  Determine whether this suggestion is correct. 
(4) 

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
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(ii)  The elliptical orbit chosen had advantages over this circular orbit. 
Explain one advantage. 

(2) 
 .............................................................................................................................................  

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

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

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

  
(Total for question = 6 marks) 

  
 
Q7. 
  
In 2014 the Rosetta spacecraft reached the comet Churyumov-Gerasimenko.  
Rosetta went into orbit around the comet. 

The following table gives some data for the comet. 

 

The comet is irregular in shape but can be modelled as a spherical object. 

(a)  Show that a sphere with this mass and density has a radius of about 1700 m. 
(3) 

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

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

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

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

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

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

 
(b)  Calculate the gravitational field strength at the surface of the comet. 

(2) 
............................................................................................................................................. 

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

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

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

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

Gravitational field strength = ........................................................... 
 
(c)  A probe was sent from the Rosetta spacecraft to land on the comet.  
The probe bounced off the surface of the comet and took 1 hour and 50 minutes to return to 
the surface again. 

Calculate the height above the surface of the comet that the probe would have reached. 
Assume that the acceleration of the probe is constant with the magnitude calculated in 
(b). 

(2) 
............................................................................................................................................. 

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

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

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

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

Height = ........................................................... 
 
(d)  Explain, using gravitational field theory, how the actual height reached would compare 
with the value calculated in part (c). 

You may assume there are no resistive forces such as air resistance. 
(3) 

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

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

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

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

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

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

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

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

 
  

(Total for question = 10 marks) 
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Q8. 
  
Which of the following is not a similarity between gravitational fields and electric fields? 

(1) 
   A    For a point charge or point mass, the field follows the inverse square law. 

   B    For a point charge or point mass, the field is radial. 

   C    Both fields act at a distance. 

   D    Both fields act on all particles. 

 
  

(Total for question = 1 mark) 
  
 
 
Q9. 
  
Astronomers observing stars at the centre of our galaxy have suggested that many of them 
are orbiting a supermassive black hole. The mass of this black hole is 9.2 × 1036 kg. 

The star S0-2 is in a highly elliptical orbit around the position of the black hole. 

At its point of closest approach, S0-2 is at a distance of 1.8 × 1013 m from the centre of the 
black hole. 

At the most distant point of its orbit, S0-2 is 2.7 × 1014 m from the black hole. 

(i)  Show that the change in gravitational potential between the closest and most distant 
points in this orbit is about 3 × 1013 J kg−1. 

(2) 
 .............................................................................................................................................  

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

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

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

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

 .............................................................................................................................................  
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(ii)  At its point of closest approach, the star is travelling at a speed of 8.1 × 106 m s−1. 
Calculate the speed of S0-2 at the furthest point in its orbit using the change in 
gravitational potential. 
mass of S0-2 = 2.4 × 1031 kg 

(3) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

Speed = ...........................................................  
(Total for question = 5 marks) 

Q10. 

In February 2021 the spacecraft Perseverance Rover landed on Mars. When the spacecraft 
was 11.0 km above the surface of Mars, parachutes opened to slow the descent. The 
parachutes detached from the spacecraft when it was 2.1 km above the surface of Mars. 

Calculate the change in gravitational potential energy of the spacecraft during the parachute 
section of its descent. 

mass of spacecraft = 1030 kg  
mass of Mars = 6.39 × 1023 kg  
radius of Mars = 3390 km 

(3) 
 .............................................................................................................................................  

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

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

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

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

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

Change in gravitational energy of the spacecraft = ……………………………….. 

  
(Total for question = 3 marks) 
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Q11. 
In 2016 astronomers announced the discovery of an Earth-like planet orbiting Proxima 
Centauri, the closest star to the Sun. 

The planet was detected because of the small movement of the star as the planet orbited. 
The movement was detected using the Doppler shift in the frequency of light travelling to the 
Earth. 

The graph shows how the component of the star's velocity v towards the Earth varied over 
time. 

(i)  Use the graph to show that the angular velocity of the planet is about 6 × 10–6 radian s–1. 
(3) 

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

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

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

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

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

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

(ii)  The mass of Proxima Centauri is 0.12 times the mass of the Sun. 
Determine the distance of the planet from Proxima Centauri. 
mass of Sun = 1.99 × 1030 kg 

(3) 
 .............................................................................................................................................  

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

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

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

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

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

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

Distance = ........................................................... 
(Total for question = 6 marks) 
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Q12. 
  
Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock samples. It 
is now believed that one of these contains a piece of rock that originated on Earth about 4 
billion years (4 × 109 years) ago. 

The piece of rock is believed to have been launched into space when an asteroid struck the 
Earth. 

The gravitational potential between the Earth and the Moon due to the combined effect of 
their gravitational fields increases to a maximum value of −1.28 MJ kg−1 at a point between 
them. 

Calculate the minimum speed at which a rock would have to leave the Earth in order to 
reach the Moon. 

In your calculation, you may assume the rock has zero kinetic energy when it has maximum 
potential energy. 

mass of Earth = 5.97 × 1024 kg  
radius of Earth = 6370 km 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

Minimum speed = ...........................................................  

  
(Total for question = 4 marks) 
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Q13. 
  
Select the graph that shows correctly the relationship between the gravitational force F 
between two masses and their separation r. 

 

 

 
   A     

   B     

   C     

   D     
   

(Total for question = 1 mark) 
 
Q14. 
Scientists are developing a space station equipped with large solar panels. The space 
station would be located in a geostationary orbit. The space station would transfer energy to 
Earth as microwaves. 

(i)  A space station in a geostationary orbit is above the equator and has a period of 24 
hours. 

Explain one advantage of locating the space station in a geostationary orbit. 
(2) 

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

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

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

 .............................................................................................................................................  
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(ii)  Calculate the height h of the space station above the equator when it is in a 
geostationary orbit. 

mass of Earth = 6.00 × 1024 kg 
24 hours = 8.64 × 104 s 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

h = ...........................................................  

  
(Total for question = 6 marks) 
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Q15. 
The diagram shows two black holes, A and B, orbiting each other. 

Assume that the centre of mass C of the system is the centre of a circular orbit for each 
black hole as shown in the diagram. 

 

Black hole A is in an orbit of radius 2.9 × 1010 m and black hole B is in an orbit of radius 3.6 
× 1010 m. Both orbit with the same period, so the total distance between them is 

 6.5 × 1010 m. 

(a)  Calculate the force between the black holes. 

 
(2) 

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

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

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

Force = ...........................................................  

(b)  By considering the orbit of one black hole about C, determine the period of the orbit. 
(3) 

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

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

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

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

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

Period = ...........................................................  

  
(Total for question = 5 marks) 
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Q16.  

Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock samples. It 
is now believed that one of these contains a piece of rock that originated on Earth about 4 
billion years (4 × 109 years) ago. 

The piece of rock is believed to have been launched into space when an asteroid struck the 
Earth. 

Four billion years ago, the Moon had a different orbital period, because it was closer to the 
Earth than it is today. 

 

 

 

Calculate the period of the Moon's orbit four billion years ago, when the radius of its orbit 
was 1.34 × 108 m. 

mass of Earth = 5.97 × 1024 kg 
(3) 

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

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

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

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

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

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

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

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

Period = ...........................................................  

  
(Total for question = 3 marks) 
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Q17. 
  
In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after four 
years in orbit observing the surface of Mercury. 

Messenger's orbit was highly elliptical, varying between 200 km and 15 000 km above the 
surface of Mercury. Messenger completed one full orbit every 12 hours. 

mass of Messenger spacecraft = 565 kg 
 mass of planet Mercury = 3.30 × 1023 kg 
 radius of planet Mercury = 2430 km 

Calculate the velocity an object would have as it reached the surface of Mercury if it was 
released from Messenger's maximum orbital height. 
 Assume the object is released from rest and that Mercury has no atmosphere. 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

Velocity = ...........................................................  

  
(Total for question = 4 marks) 
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