GM
g  
r2

Table 1 Magnitude of the
Gravitational Field
Strength of Planets
Relative to Earth’s Value
( g  9.80 N/kg)
Planet

Surface Gravity
(Earth  1.00)

Mercury

0.375

Venus

0.898

Earth

1.00

Mars

0.375

Jupiter

2.53

Saturn

1.06

Uranus

0.914

Neptune

1.14

Pluto

0.067

(6.67  1011 Nm2/kg2)(6.37  1023 kg)
 
(3.40  106 m)2
g  3.68 N/kg

The magnitude of the gravitational field strength on the surface of Mars is 3.68 N/kg.
(b) The required ratio is:
gMars
3.68 N/kg

   0.375 :100
gEa
9.80 N/kg
rth
The ratio of the magnitudes of the gravitational field strengths is 0.375:100. This means
that the gravitational field strength on the surface of Mars is 37.5% of the gravitational
field strength on the surface of Earth.

The magnitude of the gravitational field strength on the surface of Mars is only 0.375
of that on the surface of Earth. The corresponding values for all the planets in the solar
system are listed in Table 1.

Practice
Understanding Concepts
Refer to Appendix C for required data.
Answers
2. (a) 1.99  1020 N [toward
Earth’s centre]
(b) 1.99  1020 N [toward
the Moon’s centre]
g
3. (a) 
4
g
(b) 
16
g
(c) 
27
4. 4.0g
5. (a) 7.3  1022 kg
6. (a) 5.42  109 N
(b) 4.83  103 N

1. What keeps the International Space Station and other satellites in their orbits around

Earth?
2. Determine the magnitude and direction of the gravitational force exerted (a) on the

Moon by Earth and (b) on Earth by the Moon.
3. If we represent the magnitude of Earth’s surface gravitational field strength as 1g,

what are the magnitudes of the gravitational field strengths (in terms of g) at the
following distances above Earth’s surface: (a) 1.0 Earth radii, (b) 3.0 Earth radii, and
(c) 4.2 Earth radii?
4. If a planet has the same mass as Earth, but a radius only 0.50 times the radius of

Earth, what is the magnitude of the planet’s surface gravitational field strength as a
multiple of Earth’s surface g?
5. The Moon has a surface gravitational field strength of magnitude 1.6 N/kg.

(a) What is the mass of the Moon? (Hint: The Moon’s radius is in the appendix.)
(b) What would be the magnitude of your weight if you were on the Moon?
6. The magnitude of the total gravitational field strength at a point in interstellar space is

5.42  109 N/kg. What is the magnitude of the gravitational force at this point on an
object (a) of mass 1.00 kg and (b) of mass 8.91  105 kg?

Applying Inquiry Skills
7. A space probe orbits Jupiter, gathering data and sending the data to Earth by electro-

magnetic waves. The probe then travels away from Jupiter toward Saturn.
(a) As the probe gets farther away from Jupiter (in an assumed straight-line motion),
sketch the shape of the graph of the magnitude of the force of Jupiter on the
probe as a function of the distance between the centres of the two bodies.
(b) Repeat (a) for the magnitude of the force of the probe on Jupiter.
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Making Connections
8. If the density of Earth were much greater than its actual value, but its radius was the

same, what would be the effect on
(a) Earth’s surface gravitational field strength?
(b) the evolution of human bone structure?
(c) some other aspects of nature or human activity? (Use your imagination.)

SUMMARY

Gravitational Fields

•

A gravitational field exists in the space surrounding an object in which the force
of gravity is exerted on objects.

•

The magnitude of the gravitational field strength surrounding a planet or other
body (assumed to be spherical) is directly proportional to the mass of the central
body, and inversely proportional to the square of the distance to the centre of
the body.

•

The law of universal gravitation applies to all bodies in the solar system, from the
Sun to planets, moons, and artificial satellites.

Section 6.1 Questions
Understanding Concepts
Refer to Appendix C for required data.
1. How does the weight of a space probe change as it travels

from Earth to the Moon? Is there any location at which the
weight is zero? Does its mass change? Explain.
2. A satellite of mass 225 kg is located 8.62  106 m above

Earth’s surface.
(a) Determine the magnitude and direction of the gravitational force on the satellite.
(b) Determine the magnitude and direction of the resulting
acceleration of the satellite.
3. Determine the magnitude and direction of the gravitational

field strength at a point in space 7.4  107 m from the
centre of Earth.
4. A 6.2  102-kg satellite above Earth’s surface experiences a

gravitational field strength of magnitude 4.5 N/kg.
(a) Knowing the gravitational field strength at Earth’s surface and Earth’s radius, how far above Earth’s surface
is the satellite? (Use ratio and proportion.)
(b) Determine the magnitude of the gravitational force on
the satellite.

6. A 456-kg satellite in circular orbit around Earth has a

speed of 3.9 km/s and is 2.5  107 m from Earth’s centre.
(a) Determine the magnitude and direction of the acceleration of the satellite.
(b) Determine the magnitude and direction of the gravitational force on the satellite.
7. (a) On the surface of Titan, a moon of Saturn, the gravita-

tional field strength has a magnitude of 1.3 N/kg.
Titan’s mass is 1.3  1023 kg. What is the radius of
Titan in kilometres?
(b) What is the magnitude of the force of gravity on a
0.181-kg rock on Titan?
8. Given that Earth’s surface gravitational field strength has a

magnitude of 9.80 N/kg, determine the distance (as a multiple of Earth’s radius rE) above Earth’s surface at which the
magnitude of the field strength is 3.20 N/kg.
Applying Inquiry Skills
9. Use free-body diagrams of a 1.0-kg mass at increasingly

large distances from Earth to illustrate that the strength of
the gravitational field is inversely proportional to the square
of the distance from Earth’s centre.

5. Calculate the magnitude of Neptune’s surface gravitational

field strength, and compare your answer to the value in
Table 1.

Making Connections
10. Based solely on the data in Table 1, speculate on at least

one reason why some astronomers argue that Pluto should
not be classified as a planet.
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