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Question 3
Space scientists want to place a satellite into a circular orbit where the gravitational field strength of Earth is half of 
its value at Earth’s surface. 
Which one of the following expressions best represents the altitude of this orbit above Earth’s surface, where R is the 
radius of Earth? 

A. 
2
2

R R−

B. 2R

C. 2R R� � �
D. 2 2R R−
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SECTION B – continued

Question 2 (7 marks)
Phobos is a small moon in a circular orbit around Mars at an altitude of 6000 km above the surface of Mars. 
The gravitational field strength of Mars at its surface is 3.72 N kg−1. The radius of Mars is 3390 km.

a. Show that the gravitational field strength 6000 km above the surface of Mars is 0.48 N kg−1. 2 marks

b. Calculate the orbital period of Phobos. Give your answer in seconds. 3 marks

s

c. Phobos is very slowly getting closer to Mars as it orbits.

Will the orbital period of Phobos become shorter, stay the same or become longer as it orbits closer to
Mars? Explain your reasoning. 2 marks
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SECTION B – continued

Question 5 (3 marks) 
Figure 5 shows the sun, the moon and Earth.
The mass of the sun is approximately 3.3 × 105 times the mass of Earth.
The distance from the sun to the moon is approximately 390 times the distance from Earth to the moon. 

sun moon Earth

Figure 5

Calculate magnitude of the sun’s gravitational force on the moon
magnitude of Eaarth’s gravitational force on the moon

 .
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SECTION B – Question 2	–	continued

Question 2 (9	marks)
There	are	over	400	geostationary	satellites	above	Earth	in	circular	orbits.	The	period	of	orbit	is	one	day	
(86	400	s).	Each	geostationary	satellite	remains	stationary	in	relation	to	a	fixed	point	on	the	equator.	
Figure	2	shows	an	example	of	a	geostationary	satellite	that	is	in	orbit	relative	to	a	fixed	point,	X,	on	the	
equator.

satellite

X

Figure 2

a. Explain	why	geostationary	satellites	must	be	vertically	above	the	equator	to	remain	stationary	relative
to	Earth’s	surface. 2	marks

b. Using	G =	6.67	×	10−11	N	m2	kg–2,	ME	=	5.98	×	1024	kg	and	RE	=	6.37	×	106	m,	show	that	the	altitude
of	a	geostationary	satellite	must	be	equal	to	3.59	×	107	m. 4	marks



15	 2022	PHYSICS	EXAM

d
o

n
o

t
w

r
it

e
in

t
h

is
a

r
e

a

d
o

 n
o

t
 w

r
it

e
 i

n
 t

h
is

 a
r

e
a

SECTION B – continued
TURN OVER

c. Calculate	the	speed	of	an	orbiting	geostationary	satellite. 3	marks

m	s–1
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Question 3 
The	gravitational	field	strength	at	the	surface	of	a	uniform	spherical	planet	of	radius	R	is	g	N	kg–1.
At	a	distance	of	3R	above	the	planet’s	surface,	the	strength	of	gravity	will	be	closest	to
A. 0

B. 
g
3

C. g
9

D. g
16
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SECTION B – continued
TURN OVER

Question 2 (7	marks)

The	speed	of	a	satellite	in	a	circular	orbit	around	a	planet	is	given	by	 v
GM
r

= ,	where	G	is	the

universal	gravitational	constant,	M	is	the	mass	of	the	planet	and	r	is	the	orbital	radius	of	the	
satellite.
Titan	is	the	largest	moon	of	Saturn	and	has	an	orbital	radius	of	1.2	×	109	m.	The	mass	of	Saturn	is	
5.7	×	1026	kg.	Assume	that	Titan’s	orbit	is	circular.

a. Calculate	Titan’s	orbital	speed. 2	marks

m	s–1

Another	moon	of	Saturn	is	Rhea.	Rhea	is	in	a	circular	orbit	of	radius	5.3	×	108	m.

b. Does	Rhea	travel	faster	than,	at	the	same	speed	as	or	slower	than	Titan?	Explain	your	answer. 2	marks

c. Titan’s	period	around	Saturn	is	16	days.

Calculate	Rhea’s	period	around	Saturn.	Show	your	working. 3	marks

days
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SECTION B – continued

Question 8 (6	marks)
A	satellite	is	moving	in	a	stable	circular	orbit	25	Earth	radii	from	the	centre	of	Earth,	as	shown	in	
Figure	5.	The	period	of	the	satellite	is	T.

25 × RE

satellite

Figure 5

a. Calculate	the	magnitude	of	the	acceleration	of	the	satellite.	Show	your	working. 2	marks

m	s–2

b. Indicate	the	direction	of	the	acceleration	of	the	satellite	by	drawing	an	arrow	on	the	satellite
shown	in	Figure	5. 1	mark

c. Another	identical	satellite	is	placed	in	a	stable	circular	orbit	30	Earth	radii	from	the	centre	of
Earth.

Using	the	terms	‘less	than’,	‘same	as’	or	‘more	than’,	complete	the	table	below	to	describe	the
magnitude	of	the	acceleration,	the	kinetic	energy	and	the	period	of	this	satellite	compared	to
those	of	the	satellite	that	is	orbiting	at	25	Earth	radii. 3	marks

Magnitude	of	acceleration

Kinetic	energy

Period
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Question 4
The	planet	Phobetor has	a	mass	four	times	that	of	Earth.	Acceleration	due	to	gravity	on	the	surface	of	Phobetor	is	
18	m	s−2.
If	Earth	has	a	radius	R,	which	one	of	the	following	is	closest	to	the	radius	of	Phobetor?
A. R
B. 1.5R
C. 2R
D. 4R
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SECTION B – Question 3	–	continued

Question 3 (6	marks)
The	motion	of	Earth’s	moon	can	be	modelled	as	a	circular	orbit	around	Earth,	as	shown	in	Figure	3.

moon

Earth

Figure 3

Data

mass	of	Earth 5.98	×	1024	kg

mass	of	the	moon 7.35	×	1022	kg

radius	of	the	moon’s	orbit	around	Earth 3.84	×	108	m

universal	gravitational	constant	(G) 6.67	×	10–11	N	m2	kg–2

a. Calculate	the	magnitude	of	the	gravitational	force	that	Earth	exerts	on	the	orbiting	moon.	Give
your	answer	correct	to	three	significant	figures.	Show	your	working. 3	marks

N
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SECTION B – continued
TURN OVER

b. The	average	orbital	period	of	Earth’s	moon	is	27.32	days.	The	moon	is	moving	slightly	further
away	from	Earth	at	an	average	rate	of	4	cm	per	year.

Given	this	information,	will	the	average	orbital	period	of	Earth’s	moon	decrease,	stay	the
same	or	increase?	Explain	your	answer. 3	marks
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Question 11
The	International	Space	Station	(ISS)	is	travelling	around	Earth	in	a	stable	circular	orbit,	as	shown	in	the	diagram	
below.

ISS
Earth

Which	one	of	the	following	statements	concerning	the	momentum	and	the	kinetic	energy	of	the	ISS	is	correct?
A. Both	the	momentum	and	the	kinetic	energy	vary	along	the	orbital	path.
B. Both	the	momentum	and	the	kinetic	energy	are	constant	along	the	orbital	path.
C. The	momentum	is	constant,	but	the	kinetic	energy	changes	throughout	the	orbital	path.
D. The	momentum	changes,	but	the	kinetic	energy	remains	constant	throughout	the	orbital	path.

6
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SECTION B – Question 4	–	continued

Question 4 (10	marks)
The	Ionospheric	Connection	Explorer	(ICON)	space	weather	satellite,	constructed	to	study	Earth’s	
ionosphere,	was	launched	in	October	2019.	ICON	will	study	the	link	between	space	weather	and	Earth’s	
weather	at	its	orbital	altitude	of	600	km	above	Earth’s	surface.	Assume	that	ICON’s	orbit	is	a	circular	orbit.	
Use	RE	=	6.37	×	106	m.

a. Calculate	the	orbital	radius	of	the	ICON	satellite. 1	mark

m

b. Calculate	the	orbital	period	of	the	ICON	satellite	correct	to	three	significant	figures.	Show	your
working. 4	marks

s

c. Explain	how	the	ICON	satellite	maintains	a	stable	circular	orbit	without	the	use	of	propulsion	engines. 2	marks
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Question 4
The magnitude of the acceleration due to gravity at Earth’s surface is g. 
Planet Y has twice the mass and half the radius of Earth. Both planets are modelled as uniform spheres.
Which one of the following best gives the magnitude of the acceleration due to gravity on the surface of Planet Y?

A. 1

2
g

B. 1 g

C. 4 g

D. 8 g
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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.

gravitational field strength
(N kg–1)

Y

RE 2RE

distance from the 
centre of Earth (m)

Figure 4

a. What	is	the	numerical	value	of	Y? 1	mark

N	kg–1

b. Explain	why	gravitational	field	strength	is	0	N	kg–1 at	the	centre	of	Earth. 2	marks
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SECTION B – continued

Question 5 (5	marks)
Navigation	in	vehicles	or	on	mobile	phones	uses	a	network	of	global	positioning	system	(GPS)	satellites.	
The	GPS	consists	of	31	satellites	that	orbit	Earth.	
In	December	2018,	one	satellite	of	mass	2270	kg,	from	the	GPS	Block	IIIA	series,	was	launched	into	a	
circular	orbit	at	an	altitude	of	20	000	km	above	Earth’s	surface.

a. Identify	the	type(s)	of	force(s)	acting	on	the	satellite	and	the	direction(s)	in	which	the	force(s)	must	act
to	keep	the	satellite	orbiting	Earth. 2	marks

b. Calculate	the	period	of	the	satellite	to	three	significant	figures.	You	may	use	data	from	the	table	below
in	your	calculations.	Show	your	working. 3	marks

Data

mass	of	satellite 2.27	×	103	kg

mass	of	Earth 5.98	×	1024	kg

radius	of	Earth 6.37	×	106	m

altitude	of	satellite	above	Earth’s	surface 2.00	×	107	m

gravitational	constant 6.67	×	10–11	N	m2	kg–2

s



3 2019 PHYSICS EXAM (NHT)

SECTION A – continued
TURN OVER

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

Question 4
The gravitational fi eld strength at the surface of Mars is 3.7 N kg−1. 
Which one of the following is closest to the change in gravitational potential energy when a 10 kg mass falls 
from 2.0 m above Mars’s surface to Mars’s surface?
A.  3.7 J
B.  7.4 J
C. 37 J
D. 74 J
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SECTION B – continued
TURN OVER

Question 10 (6 marks)
A spacecraft with astronauts on board is in orbit around Mars at an altitude of 1.6 × 106 m above 
the surface of Mars. 
The mass of Mars is 6.4 × 1023 kg and its radius is 3.4 × 106 m. 
Take the universal gravitational constant, G, to be 6.7 × 10−11 N m2 kg−2. 
The mass of the spacecraft is 2.0 × 104 kg.

a. Calculate the period of orbit of the spacecraft around Mars. Show your working. 4 marks

s

b. The altitude of the spacecraft above the surface of Mars is doubled so that the spacecraft is
now in a new stable orbit.

Will the speed of the spacecraft be greater, the same or lower in this new orbit? Explain your
reasoning. 2 marks
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Question 7
At	one	point	on	Earth’s	surface	at	a	distance	R	from	the	centre	of	Earth,	the	gravitational	field	strength	is	measured	as	
9.76	N	kg–1.
Which	one	of	the	following	is	closest	to	Earth’s	gravitational	field	strength	at	a	distance	2R above	the	surface	of	
Earth	at	that	point?
A. 1.08	N	kg–1

B. 2.44	N	kg–1

C. 3.25	N	kg–1

D. 4.88	N	kg–1



2018	PHYSICS	EXAM	 26

d
o

 n
o

t
 w

r
it

e
 i

n
 t

h
is

 a
r

e
a

d
o

n
o

t
w

r
it

e
in

t
h

is
a

r
e

a

SECTION B – Question 9	–	continued

Question 9 (8	marks)
The	spacecraft	Juno	has	been	put	into	orbit	around	Jupiter.	The	table	below	contains	information	about	the	
planet	Jupiter	and	the	spacecraft	Juno.	Figure	11	shows	gravitational	field	strength	(N	kg–1)	as	a	function	of	
distance	from	the	centre	of	Jupiter.	

Data

mass	of	Jupiter 1.90	×	1027	kg

radius	of	Jupiter 7.00	×	107	m

mass	of	spacecraft	Juno 1500	kg

gravitational field
 strength (N kg–1)

14

12

10

8

6

4

2

0
0 1 2 3 4 5 6

distance from the centre of Jupiter (×108 m)

Figure 11

a. Calculate	the	gravitational	force	acting	on	Juno	by	Jupiter	when	Juno	is	at	a	distance	of	2.0	×	108	m
from	the	centre	of	Jupiter.	Show	your	working. 2	marks

N
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SECTION B – continued
TURN OVER

c. Europa	is	a	moon	of	Jupiter.	It	has	a	circular	orbit	of	radius	6.70	×	108	m	around	Jupiter.

Calculate	the	period	of	Europa’s	orbit.	Show	your	working. 3	marks

s
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SECTION B – continued

Question 10 (4 marks)
Members of the public can now pay to take zero gravity flights in specially modified jet aeroplanes that fly 
at an altitude of 8000 m above Earth’s surface. A typical trajectory is shown in Figure 12. At the top of the 
flight, the trajectory can be modelled as an arc of a circle. 

Figure 12

a. Calculate the radius of the arc that would give passengers zero gravity at the top of the flight if the jet
is travelling at 180 m s–1. Show your working. 2 marks

m

b. Is the force of gravity on a passenger zero at the top of the flight? Explain what ‘zero gravity experience’ 
means. 2 marks
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Question 2

Data

mass	of	Mercury 3.34	×	1023	kg

radius	of	Mercury 2.44	×	106	m

universal	gravitational	constant,	G 6.67	×	10–11	N	m2	kg–2

The	gravitational	field	strength	at	the	surface	of	Mercury	is	close	to
A. 9.00	×	106	N	kg–1

B. 9.81	N	kg–1

C. 3.74	N	kg–1

D. 3.74	×	10–2	N	kg–1

SECTION A – Multiple-choice questions

Instructions for Section A
Answer	all	questions	in	pencil	on	the	answer	sheet	provided	for	multiple-choice	questions.
Choose	the	response	that	is	correct	or	that	best answers	the	question.
A	correct	answer	scores	1;	an	incorrect	answer	scores	0.
Marks	will	not	be	deducted	for	incorrect	answers.
No	marks	will	be	given	if	more	than	one	answer	is	completed	for	any	question.
Unless	otherwise	indicated,	the	diagrams	in	this	book	are	not	drawn	to	scale.
Take	the	value	of	g	to	be	9.8	m	s–2.
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SECTION B – Question 1	–	continued

Question 1 (9	marks)
A	1500	kg	weather	satellite	is	in	a	circular	orbit	around	Earth	at	an	altitude	of	850	km.	The	radius	
of	Earth	is	6400	km.

a. Calculate	the	period	of	the	satellite	in	seconds.	Take	the	mass	of	Earth	to	be	6.0	×	1024	kg	and
the	universal	gravitational	constant,	G,	to	be	6.7	×	10–11	N	m2	kg–2.	Show	your	working. 3	marks

s

SECTION B

Instructions for Section B
Answer	all	questions	in	the	spaces	provided.	Write	using	blue	or	black	pen.
Where	an	answer	box	is	provided,	write	your	final	answer	in	the	box.
If	an	answer	box	has	a	unit	printed	in	it,	give	your	answer	in	that	unit.
In	questions	where	more	than	one	mark	is	available,	appropriate	working	must	be	shown.
Unless	otherwise	indicated,	the	diagrams	in	this	book	are	not	drawn	to	scale.
Take	the	value	of	g	to	be	9.8	m	s–2.
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SECTION B – continued
TURN OVER

b. The	controllers	of	the	satellite	use	its	motors	to	move	the	satellite	into	a	higher	orbit.

i. Will	this	increase,	decrease	or	have	no	effect	on	the	speed	of	the	satellite?	Justify	your
answer. 3	marks

ii. Will	this	increase,	decrease	or	have	no	effect	on	the	gravitational	potential	energy	of	the
satellite?	Take	the	surface	of	Earth	as	the	zero	of	gravitational	potential	energy.	Justify
your	answer. 3	marks
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SECTION B – Question 4	–	continued

Question 4 (9	marks)
Charon,	a	moon	of	Pluto,	has	a	circular	orbit.

Data

mass	of	Pluto 1.3	×	1022	kg

radius	of	Pluto 1.2	×	106	m

mass	of	Charon 1.6	×	1021	kg

radius	of	orbit	of	Charon 1.8	×	107	m

universal	gravitational	constant	(G) 6.67	×	10–11	N	m2	kg–2

Assume	that	Pluto	is	a	uniform	sphere.

a. Calculate	the	gravitational	field	strength	at	the	surface	of	Pluto.	Show	your	working	and	include	an
appropriate	unit. 3	marks

b. Calculate	the	period	of	orbit	of	Charon.	Show	your	working. 3	marks

s
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SECTION B – continued
TURN OVER

c. Scientists	wish	to	place	a	spacecraft,	of	mass	1000	kg,	in	an	orbit	of	the	same	radius	as	Charon.	Three
students,	Rick,	Melissa	and	Nam,	are	discussing	the	situation	and	have	different	opinions.
Rick	says	as	the	spacecraft	is	lighter,	it	will	have	to	move	at	a	greater	speed	than	Charon	to	achieve	the
same	orbit.
Melissa	says	the	spacecraft	would	need	to	move	at	the	same	speed	as	Charon.
Nam	says	the	spacecraft	would	need	only	to	move	at	a	lower	speed	as	it	is	lighter	than	Charon.

Evaluate	these	three	opinions.	Detailed	calculations	are	not necessary. 3	marks
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SECTION A – Core studies – continued
TURN OVER
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Question 6 (6	marks)
a. Explain	the	conditions	for	a	satellite	to	be	in	a	geostationary	orbit	(that	is,	stationary	over	a	fixed	point

on	Earth’s	surface).	There	is	no	need	to	calculate	the	actual	radius	of	the	orbit. 3	marks

b. Roger	states	that	there	are	a	number	of	situations	on	or	near	Earth’s	surface	where	a	person	may	‘feel
weightless’.
Emily	states	that	this	is	impossible.	It	is	only	possible	to	feel	weightless	in	deep	space	where	there	is
no,	or	very	little,	gravitational	force	on	a	person.

Is	Emily	correct	or	incorrect?	Explain	your	answer. 3	marks
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SECTION A – Core studies – continued
TURN OVER
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Question 7 (7 marks)
A spacecraft is placed in orbit around Saturn so that it is Saturn-stationary (the Saturn equivalent of 
geostationary – the spacecraft is always over the same point on Saturn’s surface on the equator).
The following information may be needed to answer Question 7:
• mass of Saturn 5.68 × 1026 kg
• mass of spacecraft 2.0 × 103 kg
• period of rotation of Saturn 10 hours 15 minutes

a. Calculate the period, in seconds, of this spacecraft’s orbit. 1 mark

s

b. Calculate the radius of the orbit of the spacecraft to achieve the spacecraft orbit in part a.
Show your working. 3 marks

m

c. Would an astronaut in this spacecraft feel weightless? Explain your answer. 3 marks
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SECTION A – Core studies – continued
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Question 5 (6 marks)
A distant star has a planet orbiting it. The period of the planet’s circular orbit is 1200 hours. The radius of 
the planet’s orbit is measured to be 7.0 × 1010 m.

a. Use the data above to calculate the mass of the star. Show your working. 4 marks

kg

b. Is it possible to determine the mass of this planet from the data above? Give a reason for your answer. 2 marks
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SECTION A – Core studies – Question 7 – continued

Question 7 (6 marks)
A satellite is in a geostationary circular orbit over Earth’s equator. It remains vertically above the same 
point X on the equator, as shown in Figure 9.

X

satellite

Figure 9

Data

mass of Earth ME = 6.0  1024 kg

radius of Earth RE = 6.4  106 m

mass of satellite 1000 kg

universal gravitational constant G = 6.7  10–11 N m2 kg–2

a. Calculate the period of the orbit of the satellite. 1 mark

s

b. Calculate the radius of the orbit of the satellite from the centre of Earth. 2 marks

m
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END OF AREA OF STUDY 1
SECTION A – continued

Question 8
a. Before the spacecraft Apollo 11 landed on the Moon, it travelled around the Moon in an orbit with a period of

2.0 hours.
Calculate the height of Apollo 11 above the Moon’s surface during its orbit of the Moon. Take the orbit to be
circular.
Take G = 6.67 × 10–11 m3 kg–1 s–2 ; Mmoon = 7.36 × 1022 kg ; Rmoon = 1.74 × 106 m.

m 

4 marks

b. Explain the terms ‘weightlessness’ and ‘apparent weightlessness’, and identify which term best applies to the
astronauts in Apollo 11 during its orbit of the Moon.

2 marks
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The following information relates to Questions 21–23.

30 km

` 

24

g –1.
–11 2 –2.

–1
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 – continued

9 m. The star has a mass 

s
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END OF AREA OF STUDY 1
SECTION A – continued

The following information relates to Questions 18–20.
The International Space Station (ISS) is currently under construction in Earth orbit. It is incomplete, with a current mass 
of 3.04 × 105 kg. The ISS is in a circular orbit of 6.72 × 106 m from the centre of Earth.
In the following questions the data below may be needed.
Mass of ISS 3.04 × 105 kg
Mass of Earth 5.98 × 1024 kg
Radius of Earth 6.37 × 106 m
Radius of ISS orbit 6.72 × 106 m
Gravitational constant 6.67 × 10–11 N m2 kg–2

Question 18
What is the weight of the ISS in its orbit?

N

2 marks

Question 19
What is the period of orbit of the ISS around Earth?

s

2 marks

Question 20
When the ISS is completed in 2011, its mass will have increased to 3.70 × 105 kg.
Will the period of orbit of the ISS around Earth then be greater, the same, or less?

1 mark
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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? 

As the platform approaches the top, it slows to a stop at a uniform rate of 2.0 m 𝑠𝑠−2. 
Question 8       43% 
What is Helen’s apparent weight as the platform slows to a stop? 

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. 

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. 
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Question 14          51% 
What is the period of orbit of the Jason 2 satellite? 
 
 
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. 
 
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. 
 
Question 17          45% 
Calculate the period of orbit of the Mars Global Surveyor. 
You must show your working. 
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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 
 
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? 
 
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? 
 
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. 𝑀𝑀𝐸𝐸 = 5.98 × 10^24 kg, 𝑅𝑅𝐸𝐸 = 6.37 × 10^6 m 
 
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. 
 
 
 
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. 
𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 3.4 × 10^6 m, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 6.4 × 10^23 kg 
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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. 
 
 
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. 
 
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. 
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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 
 

 
 
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? 
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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? 
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