
Module 5.4 Gravitational Fields

	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	Newton’s law of gravitation

	P62-64
	5.4.1 & 2
	5
	

	Gravity of point masses

	P65-66
	5.4.2
	9
	

	Kepler’s laws

	P75-76
	5.4.3
	9
	

	Satellites

	P73-74
	5.4.3
	10
	

	Gravitational potential and gravitational potential energy
	P68-71
	5.4.4
	8
	

	Total

	41
	




By the end of this topic you should be able to….
· Draw gravitational fields around point masses and on a flat surface
· Define what is meant by gravitational field strength 
· Define and use Newton’s law of gravitation between two point masses
· Describe Kepler’s three laws of planetary motion
· Derive the equation form of Kepler’s third law relating period and radius of an orbit
· Describe different types of satellite orbit
· Describe what is meant by gravitational potential and calculate this
· Describe what is meant by gravitational potential energy and calculate this
· Define escape velocity and be able to calculate this





By the end of module 5.4 you need to be able to define the following key terms:
Gravitational field strength

Newton’s law of gravitation

Kepler’s 1st law

Kepler’s 2nd law

Kepler’s 3rd law

Geostationary orbit

Polar orbit

Gravitational potential

Gravitational potential energy

Equations given in exam
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 Newton’s law of gravitation 
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Gravity of point masses 
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Kepler’s laws 
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Gravitational potential and Gravitational potential energy
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Calculate

(i) the mass of Jupiter
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(ii) the gravitational field strength at the orbit of M

gravitational field strength =

(iii) the orbital period of M.

orbital period =
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4 (a) Write a word equation which states Newton'’s law of gravitation.

(b) A planet of mass m moves in a circular orbit of radius r about a star of mass M. The planet
has an orbital period T.

Use your knowledge of circular motion and Newton'’s law of gravitation to derive Kepler’s third
law.

[4]
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(c) The star HD10180 in the constellation Hydrus is notable for its large planetary system. The
period T and the mean orbital radius r for HD10180’s planets have been deduced from recent
observations. Fig. 4.1 has been constructed using these data.
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Fig. 4.1

(i) State what features of Fig. 4.1 support the view that Kepler’s third law may be applied to
this system.
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(ii) Use Fig. 4.1 to determine the mass of the star HD10180.




image9.png
2 A satellite orbits the Earth in a circular path 800 km above the Earth’s surface. At the orbit of the
satellite the gravitational field strength is 7.7 Nkg~". The radius of the Earth is 6400 km.

(a) Calculate

(i) the orbital speed of the satellite

orbital SPEEd = .....c.eoveeeeeeeeeeeee e ms~' [3]

(ii) the period of the orbit of the satellite.
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(b) The orbit of the satellite passes over the Earth’s poles.

(i) Show that the satellite makes about 14 orbits around the Earth in 24 hours.

[l

(ii) The cameras on board the satellite continually photograph a strip of the Earth’s surface,
of width 3000km, directly below the satellite. Determine, with an appropriate calculation,
whether the satellite can photograph the whole of the Earth’s surface in 24 hours. State
your conclusion.

[Total: 10]




image11.png
(b)

(a) Explain what is meant by the gravitational potential at a point in a gravitational field.

Use the following data to calculate the gravitational potential at the surface of the Moon.

mass of Earth =81 x mass of Moon
radius of Earth = 3.7 x radius of Moon

gravitational potential at surface of the Earth = -63 MJ kg™

@)

@)
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(c)

Sketch a graph on the axes below to indicate how the gravitational potential varies with
distance along a line outwards from the surface of the Earth to the surface of the Moon.

gravitati onal
otential/M J kg -1
P 8 surface surface
of Earth of Moon
L 1
0 ' ' distance
—63

@)
(Total 8 marks)




image1.png
Data booklet.pdf - Adobe Acrobat Reader DC - X
File Edit View Window Help

Home  Tools Data bookletpdf X @ A signin

w ® 8 EQ DO s AMO@ m- KB T | B ¢ &
T

@ . N Search ‘Crop Page’
oscillations _ 2. _
@ w="=; o=2nf
[ EportPDF A
“-‘5 =— a)z X Adobe Export PDF @
‘Convert PDF Files to Word
x = Acosat; x = Asinat CEZIE
Select PDF File
vV =xmv A2 Data booklet.pdf X
gravitational field F Comvertto
g= - Microsoft Word (~docy
Document Language:
F GMm English (US) Change
)
r

: . T
GM

[ createrDF v

2
A s 22 kditpoF

B comment

V. = ,% Efl Combine Files

¢ r x| -
£[] Organize Pages

GMm
energy = — L Redact
r

t hysi h 1 Protect

astro SICS - . Cc e
Py hf=AE; M _ap O

Learn More

DR, T 1 v




image2.png
2 (a) Fig. 2.1 shows the Earth in space.

Fig. 2.1

(i) Draw lines on Fig. 2.1 to show the shape and direction of the gravitational field of the
Earth. 1

(ii) The gravitational field strength, g, is uniform close to the Earth's surface. Describe the
pattern of gravitational field lines close to the surface of the Earth.

/ In your answer you should use appropriate technical terms spelled correctly.

(b) The planet Saturn has mass 5.7 x 10%kg and radius 6.0 x 107 m.

(i) Calculate the gravitational field strength g, at Saturn's surface.
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(a) State, in words, Newton’s law of gravitation.

Jupiter

not to scale

Fig. 3.1
Use the following data in the calculations below.

orbital radius of A= 1.3 x 108m

orbital period of A = 7.2 hours

gravitational field strength at orbit of A = 7.5Nkg™’
orbital radius of M = 2.4 x 10"0m




