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2009 
The following information relates to Questions 7–9. 

 
A ride in an amusement park allows a person to free fall without any form of 

attachment. A person on this ride is carried up on a platform to the top. At the top, a 

trapdoor in the platform opens and the person free falls. Approximately 100 m below 

the release point, a net catches the person. 

A diagram of the ride is shown in Figure 3. 

Helen, who has a mass of 60 kg, decides to take the ride and takes the platform to the 

top. The platform travels vertically upward at a constant speed of 5.0 m/s. 

Question 7             64% 

What is Helen’s apparent weight as she travels up? 

Since Helen was moving up at a constant speed the net force acting on her was zero. 

Therefore the normal reaction force (apparent weight) equalled the gravity force = 

mg = 60 x 9.8 = 588 N. 

 

As the platform approaches the top, it slows to a stop at a uniform rate of 2.0 m 𝑠−2. 

Question 8       43% 

What is Helen’s apparent weight as the platform slows to a stop? 

𝑚𝑔 − 𝑁 = 𝑚𝑎              𝑁 = 𝑚(𝑔 − 𝑎)              𝑁 = 60 × 7.8 = 468 𝑁 

 

 

Helen next drops through the trapdoor and free falls. Ignore air resistance. 

During her fall, Helen experiences ‘apparent weightlessness’. 

Question 9         26% 

In the space below explain what is meant by apparent weightlessness. You should 

make mention of gravitational weight force and normal or reaction force. 

Apparent weight is the normal reaction force. Helen was in free fall, accelerating at 

the value of the gravitational field, so the normal force was zero. Since there was a 

gravitational field, there was still a weight force acting on Helen. It was 

common for students to incorrectly state that the normal force equalled the 

gravitational force, thereby cancelling each other out and creating a feeling of 

weightlessness. Others referred to Helen reaching terminal velocity and equated this 
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to apparent weightlessness. Another common approach was to explain apparent 

weightlessness in terms of an astronaut in orbit in a spaceship; however this did not 

relate to the question. 

 

The following information relates to Questions 13 and 14. 

The Jason 2 satellite reached its operational circular orbit of radius 1.33 × 10^7 m on 

4 July 2008 and then began mapping the Earth’s oceans. 

mass of the Earth = 5.98 × 10^24 kg 

mass of Jason 2 = 525 kg 

G = 6.67 × 10–11 N m^2 kg^–2 

Question 13       26% 

On the figure below, draw one or more labelled arrows to show the direction of any 

force(s) acting on Jason 2 as it orbits Earth. You can ignore the effect of any 

astronomical bodies other than the Earth. 

 
Students were required to draw and label arrow(s) to represent any force(s) acting on 

the satellite orbiting the Earth. The required answer was one arrow from the satellite 

and pointing towards the Earth, with a label weight or gravitational force or mg or 

𝑭𝒈. It was not acceptable to label it 𝑭𝒏𝒆𝒕 or centripetal force or g. Many students 

incorrectly included an arrow tangential to the path. Others had two arrows pointing 

towards the Earth. A small number of students did not attempt this question. 

 

Question 14          51% 

What is the period of orbit of the Jason 2 satellite? 
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2008 

 
Figure 8 shows the orbit of a comet around the Sun. 

 
Question 15             28% 

Describe how the speed and total energy of the comet vary as it moves around its 

orbit from X to Y. 

The speed decreased from X to Y and the total energy remained constant. 

 

Use the following information to answer Questions 16 and 17. 

In March 1999 the Mars Global Surveyor (Figure 9) entered its fi nal circular orbit 

about Mars, sending information 

about Mars back to Earth. 

Below is some data that you may find useful when answering Questions 16 and 17. 

G = 6.67 × 10^–11 N m^2 kg^–2 

Mass of Mars Global Surveyor = 930 kg 

Mass of Mars = 6.42 × 10^23 kg 

Radius of orbit of Mars Global Surveyor = 3.83 × 10^6 m 

Question 16                     58% 

Calculate the gravitational force on the Mars Global Surveyor. 

You must show your working. 

Applying the formula 𝐹 = 𝐺
𝑚𝑀

𝑟2
= showed that the gravitational force  

was 2.7 × 10^3 N. 

 

Question 17          45% 

Calculate the period of orbit of the Mars Global Surveyor. 

You must show your working. 

𝐹𝑟𝑜𝑚 
𝑚𝑣2

𝑟
=

𝐺𝑚𝑀

𝑟2
  𝑎𝑛𝑑  𝑣 =

2𝜋𝑟

𝑇
,    𝑇 = √

4𝜋2𝑟3

𝐺𝑀
= 7.2 × 103 𝑠 
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2007 
The dwarf planet Pluto was discovered in 1930, and was thought to be the outermost 

member of our solar system. It can be considered to orbit the Sun in a circle of radius 

6 billion kilometres (6.0 × 10^12 m). In 2003 a new dwarf planet, Eris, was 

discovered. It has approximately the same mass as Pluto, but the average radius 

of its orbit around the Sun is 10.5 billion kilometres (10.5 × 10^12 m). 

Question 12 

Which of the choices (A–D) below gives the best estimate of the ratio 

gravitational attraction of the Sun on Eris to gravitational attraction of the Sun on 

Pluto? 

A. 0.33 

B. 0.57 

C. 1.75 

D. 3.06 

A 

𝐹𝐸

𝐹𝑃
=

𝑟𝑃
2

𝑟𝐸
2 =

62

10.52
 

 

The period of Pluto around the Sun is 248 Earth-years 

Question 13     36% 

How many Earth-years does Eris take to orbit the Sun? 
𝑇𝐸

2

𝑇𝑃
2 =

𝑟𝐸
3

𝑟𝑃
3                 T=574 years 

 

2006 
The planet Mars has a mass of 6.4 × 10^23 kg. The Mars probe that was launched in 

August 2005 is now orbiting Mars in an orbit with an average radius of 3.00 × 10^7 m 

Question 16        30% 

What is the period of the orbit in seconds? 

𝑇 = √
4𝜋2𝑟3

𝐺𝑀
= 1.58 × 105 𝑠 

 

2004 
A spacecraft of mass 400 kg is placed in a circular orbit of period 2.0 hours about 

Earth. 

Question 1     45% 

Show that the spacecraft orbits at a height of 1.70 × 10^6 m above the surface of 

Earth. 𝑀𝐸 = 5.98 × 10^24 kg, 𝑅𝐸 = 6.37 × 10^6 m 

𝐹𝑟𝑜𝑚 
𝑚𝑣2

𝑟
=

𝐺𝑚𝑀

𝑟2
  𝑎𝑛𝑑  𝑣 =

2𝜋𝑟

𝑇
   𝑟 = √

𝐺𝑀

4𝜋2𝑇2

3

= 8.06 × 106 𝑆𝑢𝑏𝑡𝑟𝑎𝑐𝑡 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝐸𝑎𝑟𝑡ℎ 𝑎𝑛𝑑 𝑦𝑜𝑢 𝑤𝑖𝑙𝑙 𝑔𝑒𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟. 
 

Pictures of astronauts in the orbiting spacecraft are ‘beamed’ back to Earth. In these 

pictures the astronauts appear to be ‘floating’ around inside the spacecraft. 

Question 4           24% 

Explain why the astronauts appear to be floating around inside the orbiting spacecraft. 
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The key to understanding why the astronauts appear to be ‘floating’ inside the 

spacecraft involves an understanding of apparent weightlessness. The key point here 

is that both the astronauts and spacecraft are in free fall; that is, they are 

both accelerating towards Earth at g. Furthermore, this implies that there will be no 

normal contact force between the astronaut and the spacecraft in this situation. 

 

 

 

 

 

 

2003 
The spacecraft, Odyssey, has been in a circular orbit around Mars at an altitude of 400 

km. 

Question 1  47% 

Show that the period of this orbit is approximately 2 hours. 

𝑅𝑀𝑎𝑟𝑠 = 3.4 × 10^6 m, 𝑀𝑀𝑎𝑟𝑠 = 6.4 × 10^23 kg 

𝑇 = √
4𝜋2𝑟3

𝐺𝑀
    , 𝑤ℎ𝑒𝑟𝑒 𝑟 = 3.4 × 106 + 4 × 105 𝑚     𝑇 = 7.1 × 103 𝑠 

 

Last year astronomers discovered a new body, Quaoar, in our solar system just 

beyond Pluto. This very large asteroid orbits our Sun in a near perfect circle of radius 

6.5 × 10^12 m. 

Two enthusiastic astronomy students, Kiera and Darla, were talking about what it 

would be like to travel and land on Quaoar. Both agreed that they would feel a very 

small gravitational effect if they were on the surface of Quaoar. However, Darla did 

not agree with Kiera’s reason for the small gravitational effect. 

Darla explained that a very small gravitational effect would be felt because Quaoar 

has such a small mass and that the gravitational force between the asteroid and 

himself would be very small. 

Kiera explained that because Quaoar was in orbit around the Sun they would 

experience apparent weightlessness because both they and Quaoar would be 

accelerating towards the Sun at the same rate. 

Question 4        15% 

Was Kiera correct or incorrect? Explain your answer. 

Students needed to address the following key points when considering whether Kiera 

was correct or incorrect: 

• Kiera was in fact incorrect 

• at the surface of Quaoar a person would be subject to the combined gravitational 

force of the sun and that of Quaoar itself 

• because both the person and Quaoar were in orbit around the sun then this part of 

Keira’s explanation was correct but she has neglected the gravitational field due to 

the mass of Quaoar itself 

• a person on the surface of Quaoar would feel a contact force between themselves 

and the surface and hence would not feel weightless. 
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2002 
Currently, the space probe, Cassini, is between Jupiter and Saturn (see Figure 2 

opposite). Cassini’s mission is to deliver a probe to one of Saturn’s moons, Titan, and 

then orbit Saturn collecting data. Below is astronomical data that you may find useful 

when answering the following questions. 

 
Question 3              32% 

Calculate the magnitude of the total gravitational field experienced by Cassini when it 

is 4.2 × 10^11 m from Jupiter and 3.9 x 10^11 m from Saturn. 

The expected answer for this question involved subtracting the 

gravitational field due to Saturn from that due to Jupiter according to the 

equation. 

𝑔 = 𝐺 (
𝑀𝐽

𝑟𝐽
2 −

𝑀𝑆

𝑟𝑆
2 ) = 4.7 × 10−7 𝑁 𝑘𝑔−1 

 

When Cassini arrives in the vicinity of Saturn this year, scientists want it to remain 

above the same point on Saturn’s equator throughout one complete Saturn day. This is 

called a ‘stationary’ orbit. 

Question 6   31% 

Calculate the radius of this ‘stationary’ orbit. 

𝑟 = √
𝐺𝑀

4𝜋2𝑇2

3

= 1.1 × 108 𝑚 

 

 

2000 
When people went to the Moon in the Apollo 11, the spacecraft was initially placed in 

a ‘parking orbit’ 190 km above Earth’s surface. This is shown below 
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Question 6   58% 

Which one of the following graphs (A–F) best represents the net gravitational force 

acting on Apollo 11 as it travels from its parking orbit to the Moon? 

 

C 
The force decreases according to the inverse square law as Apollo 11 travels away 

from Earth, reaching zero at a point closer to the Moon. The direction of the force 

now changes as Apollo 11 experiences a net force directed towards the moon. The 

magnitude of this net force again increases as Apollo 11 approaches the Moon. 
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1982 
An object is let fall from rest at point X, 6400 km above the surface of the earth. 

 
 

Question 26   28% 

How far will it fall in the first second? 

Since the object is at 2 x re, the acceleration due to gravity will be ¼ of that on the 

surface of the earth. 

Therefore g = 2.45. 

We can make the assumption the distance it falls in the first second will be small 

enough to enable us to consider the field to be constant. 

 x = ut + ½ gt2 

  x = 0 + ½ x 2.45 x 12 

  x = 1.225 m 
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