
2002 
The Mars Odyssey spacecraft was launched from Earth on 7 April 2001 and arrived at Mars 
on 23 October 2001. Figure 1 is a graph of the gravitational force acting on the 700 kg Mars 
Odyssey spacecraft plotted against height above Earth’s surface. 

 
Question 1  (38%) 
Estimate the minimum launch energy needed for Mars Odyssey to escape Earth’s 
gravitational attraction.                                                                                         3 marks 
 
The required launch energy was calculated by determining the total area under the graph. 
Square counting resulted in approximately 13 squares, with each square representing a work 
done of 3 x 109 J. Hence, the total energy required was 13 x 3 x109  = 3.9 x 1010 J. Allowing 
for a variation in the number of squares counted, a range of values 3.3 to 4.4 x 1010 J, 
was accepted. 
Most students recognised that the area under the graph was the key to answering this 
question. The most common error was incorrectly calculating the area of each square on the 
graph, usually by neglecting the106  for the height axis. Others made an error in their 
estimation of the number of squares, usually in counting too few squares. Some students lost a 
mark due to multiplying their calculated area by 700 kg, obviously being confused 
between force and field. 
 
 
 
 
 
 
 
 
 



2003 
Figure 1 is a graph of the force of gravitational attraction between the 400 kg spacecraft 
Odyssey and the planet Mars versus distance above the surface of Mars. 

 
Before its orbit around Mars, Odyssey was originally launched from Earth and took 200 days 
to reach Mars. At a distance of 3200 km away from the surface of Mars it was travelling at 
approximately 24 000 m/s. At this point it was speeding up due to the gravitational attraction 
of Mars. 

Question 2    (13%) 
Describe, but do not calculate, the method you would use to determine the speed of Odyssey 
at a distance of 1200 km above the surface of Mars.                                                       4 marks 
 
Students needed to follow a logical sequence of steps in order to determine the speed of 
Odyssey. The steps were as follows: 
• the gain in kinetic energy of Odyssey was equal to the area under the force-distance graph 
between 3200 km and 1200 km 
• this results in the equation EKf – EKi = area under the graph 

• this equation can be rewritten as 
𝑚𝑚𝑣𝑣𝑓𝑓

2

2
− 𝑚𝑚𝑣𝑣𝑖𝑖

2

2
  = area under graph 

• substitution of given values, along with the area calculation will result in a value for final 
velocity. 
 
 
 
 
 
 
 
 
 
 



2004 
Figure 1 shows the variation of gravitational field with height above Earth’s surface. 

 
Question 3    (1%) 
Calculate the energy needed to take the 400 kg spacecraft from rest at the surface of Earth and 
place it in a stable circular orbit of height 1.70 × 106  m. You must show your working.  
                                                                                                                                          5 marks 
 
The energy needed to place the satellite in orbit was the sum of the gravitational potential 
energy needed to raise the satellite to the orbit height and the kinetic energy necessary for the 
orbit. The area under the graph represents the work done per kilogram to raise the satellite to 
this orbit height. Hence, the final expression for the energy required was: 
Energy = 400 x area under graph + ½ 400𝑣𝑣2. 
𝑣𝑣2 could be found  

𝐹𝐹 =
𝑚𝑚𝑣𝑣2

𝑟𝑟
 

 

𝑣𝑣2 =
𝐹𝐹𝑟𝑟
𝑚𝑚

=
𝑚𝑚𝑚𝑚𝑟𝑟
𝑚𝑚

= 𝑚𝑚𝑟𝑟 
 
𝑣𝑣2 = 6.3 × (1.7 + 6.4) × 106 = 5.1 × 107 (value of g=6.3 could be read from the graph) 
 
This resulted in a total energy of approximately 1.55 x1010  J. A range of answers between 
1.5 – 1.6 x1010 J was accepted. 
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SECTION B – Question 4	–	continued

Question 4 (5	marks)
Assume	that	a	journey	from	approximately	2	Earth	radii	(2RE)	down	to	the	centre	of	Earth	is	possible.	The	
radius	of	Earth	(RE)	is	6.37	×	106	m.	Assume	that	Earth	is	a	sphere	of	constant	density.
A	graph	of	gravitational	field	strength	versus	distance	from	the	centre	of	Earth	is	shown	in	Figure	4.
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Figure 4
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