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Gravitation 
Objectives 

•  Describe the historical development of the concepts of 
gravitational force. 

•  Describe and calculate how the magnitude of the 

gravitational force between two objects depends on their 
masses and the distance between their centers. 

•  Explain how Isaac Newton’s insights about gravitation 

have contributed to scientific thought and to society. 

 

1.  Explain, in your own words, how a falling apple led to Newton’s 
discovery of the law of universal gravitation. 

2.  The mass of the Moon is 7.34 x 1022 kg and its radius is 1.74 x 106 m.  

If a 30 kg dog stands on the surface of the Moon, how much does 
he weigh?  (What is the force of gravity on him?) 

3.  Describe a technology that depends on an understanding of 

Newton’s law of universal gravitation. 

Assessment Physics terms 

•  gravitation 

•  satellite 

•  orbit 

Equations 

Newton’s law of 
universal gravitation:   

The apple and the Moon 

The story goes that Isaac Newton deduced the law 
of gravitation upon seeing an apple fall from a tree. 
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The apple and the Moon 

The story goes that Isaac Newton deduced the law 
of gravitation upon seeing an apple fall from a tree. 

 
The apple accelerates as it falls.  Newton realized 

that the force accelerating the apple must be 
coming from the Earth itself. 

  

The apple and the Moon 

The story goes that Isaac Newton deduced the law 
of gravitation upon seeing an apple fall from a tree. 

 
The apple accelerates as it falls.  Newton realized 

that the force accelerating the apple must be 
coming from the Earth itself. 

 

The Moon orbits Earth in a circle.  Circular motion 
also requires a force—a centripetal force. 

  

The apple and the Moon 

The story goes that Isaac Newton deduced the law 
of gravitation upon seeing an apple fall from a tree. 

 
The apple accelerates as it falls.  Newton realized 

that the force accelerating the apple must be 
coming from the Earth itself. 

 

The Moon orbits Earth in a circle.  Circular motion 
also requires a force—a centripetal force. 

 

Newton realized that the force accelerating the 
apple is the same force keeping the Moon in orbit. 

  

How is falling like orbiting? 

Suppose you fire a cannonball 
at 2 km/s, and it falls to Earth.   

  

How is falling like orbiting? 

Suppose you fire a cannonball 
at 2 km/s, and it falls to Earth.   

 
As you increase the velocity 

the cannonball travels further. 
  

Given enough velocity, the 
curvature of the "falling" 

cannonball matches the 
curvature of the planet.  

 
This path is precisely what  

we call an orbit. 

How is falling like orbiting? 

Suppose you fire a cannonball 
at 2 km/s, and it falls to Earth.   

 
As you increase the velocity 

the cannonball travels further. 
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How is falling like orbiting? 

Falling and orbiting are both accelerated motion. 
Newton knew that all accelerated motion is 

caused by a net force.  
 

•  The apple accelerates as it falls, so a force 
must be acting on it. 

•  The Moon moves in a circle, so a force must 
be acting on it.   

  

Newton’s idea unified our understanding of the 
universe.  The laws that work on Earth ALSO 

govern the behavior of the “heavenly bodies”.  
 

The leap to the stars 

Newton’s idea unified our understanding of the 
universe.  The laws that work on Earth ALSO 

govern the behavior of the “heavenly bodies”.  
 

Historians mark Newton's “leap to the stars” as 
the turning point in human thought that began 

the scientific revolution. 

 
The scientific revolution exploded our 

understanding of the universe and led to the 

engineering and technology we use every day. 

The leap to the stars The law of universal gravitation 

Newton said that all objects are attracted 
to all other objects with a force he called 

gravity. 
 

What do you think this force depends on?   
 

What variables do you expect to see in 

the equation for this force?  

There is a force of attraction 
between any two objects in 

the universe. 
 

The law of universal gravitation 

There is a force of attraction 
between any two objects in 

the universe. 
 

The force depends on the 
product of the two masses 

divided by the square of the 

distance between them. 

The law of universal gravitation 
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The force of gravity is always attractive. 
 

The force is directed along a line that 
connects the centers of the two objects. 

F
 

F
 

The direction of gravity 

Click on the  
interactive 

calculator on 
page 216 

Exploring the ideas 

What is the force of gravity 
between two 3.0 kg masses 

1.0 m apart?  
 

   

  

Engaging with the concepts 

Gravitational force  

3.0 3.0 

1.0 6.673e-11 

What is the force of gravity 
between two 3.0 kg masses 

1.0 m apart?  
 

      F
 
= 6.01 x 10-10 N 

 

 

  

Engaging with the concepts 

Gravitational force  

3.0 3.0 

1.0 

6.01e-10 

6.673e-11 

What is the force of gravity 
between Earth (5.98 x 1024 kg) 

and a 100 kg man standing on 
Earth’s surface?  

 
The radius of the Earth is 

r
Earth

= 6.38 x 106 m. 

 

  

Engaging with the concepts 

Gravitational force  

5.98e+24 70 

6.38e+6 6.673e-11 

What is the force of gravity 
between Earth (5.98 x 1024 kg) 

and a 100 kg man standing on 
Earth’s surface?  

 
The radius of the Earth is 

r
Earth

= 6.38 x 106 m. 

 

  

Engaging with the concepts 

Gravitational force  

5.98e+24 70 

6.38e+6 

980 

6.673e-11 

 F
 
= 980 N 

Can you think of another 
way to get this answer? 
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What happens to the force 
of gravity if you double 

both masses? 
 

 
What happens to the force 

of gravity if you double the 

distance? 
 

Try it and see. 

 
 

 

Engaging with the concepts 

Gravitational force  

1 1 

1 6.673e-11 

If you double both of the masses, 
the force is . . . 

 

What does it mean? 

If you double both of the masses, 
the force is four times as strong. 

 

If you double the distance between  
the masses, the force is . . . 

 

What does it mean? 

If you double the distance between 
the masses, the force is reduced to 

one-fourth of its original value. 
 

If you double both of the masses, 
the force is four times as strong. 

 

What does it mean? 

The gravitational constant G is 
the same everywhere in the 

universe. 
 

Scientists don’t know why it has 
this value. 

What is G? 

The gravitational constant G is 
the same everywhere in the 

universe. 
 

Scientists don’t know why it has 
this value. 

 

G is a very small number.  Why? 
What would the universe be like 

if it were a much larger number? 

or 

What is G? 
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Gravity is a relatively weak force.  
The force of attraction between 

ordinary objects too tiny to feel. 
 

The force of attraction between 
the apple and the woman is only: 

F = 0.0000000004 N 

How strong is gravity? 

It takes a planet-sized mass to 
exert significant gravitational force. 

 
The Earth has a much larger mass 

(5.98 × 1024 kg) than a person, so 
the gravity force between the apple 

and the Earth is noticeable: 

 
              F = 0.98 N 

How strong is gravity? 

Calculate the force of attraction between the Earth and an 
alien space ship orbiting at a radius of 20,000 km.   

 
Earth has a mass of 5.98 × 1024 kg, and the spaceship has 

a mass of 500,000 kg. 
 

Calculating the force of gravity 

Calculate the force of attraction between the Earth and an 
alien space ship orbiting at a radius of 20,000 km.   

 
Earth has a mass of 5.98 × 1024 kg, and the spaceship has 

a mass of 500,000 kg. 
 

Calculating the force of gravity 

Like all forces, gravitational  
forces come in pairs. 

 

Where is the reaction force? 

Like all forces, gravitational 
forces come in pairs. 

 
If the Earth pulls down on the apple 

with a force of 0.98 N. . .  

Where is the reaction force? 
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Like all forces, gravitational 
forces come in pairs. 

 
If the Earth pulls down on the apple 

with a force of 0.98 N, then the 
apple pulls up on the Earth with a 

force of 0.98 N. 

 
 

 

 

Where is the reaction force? 

Like all forces, gravitational 
forces come in pairs. 

 
If the Earth pulls down on the apple 

with a force of 0.98 N, then the 
apple pulls up on the Earth with a 

force of 0.98 N. 

 
If the person attracts the apple with 

a force of 0.0000000004 N . . . 

Where is the reaction force? 

Like all forces, gravitational 
forces come in pairs. 

 
If the Earth pulls down on the apple 

with a force of 0.98 N, then the 
apple pulls up on the Earth with a 

force of 0.98 N. 

 
If the person attracts the apple with 

a force of 0.0000000004 N, the 

apple attracts the person with a 
force of 0.0000000004 N. 

 

Where is the reaction force? 

All orbital motion is due to the 
force of gravity. 

 
The force of gravity provides the 

centripetal force that keeps 
satellites, such as planets, 

moving in circles or ellipses. 

 

Gravity controls the planets 

A satellite can be natural or manmade. 
 

Satellites orbit a more massive object. 
 

 
Examples: 

•  Earth is a satellite of the Sun. 

•  Earth’s moon is a satellite of Earth. 

•  Hundreds of man-made satellites are 

in use for GPS and communications. 

 
 

What is a satellite? 

Most of the planets orbit the Sun in 
nearly perfect circles. 

 
Comets, by comparison, orbit the 

Sun in a highly elliptical paths. 
 

 

Circles and ellipses 
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Orbital velocity can be broken down into two components: 
 

 
 

 

Orbital velocity 

•  the radial component lies along 
the line between orbiting body and 

the central mass 

•  the tangential component is at 
right angles to the radial 

component (and tangent to the 

circle, if this is a circular orbit) 

The object moves along 
a hyperbolic path that 

does not return.   
 

Not everything orbits 

If the tangential velocity is too high, 
the acceleration due to gravity is not 

enough to bend the object’s path into 
a closed orbit. 

If an object’s tangential velocity 
is too low, the object follows a 

trajectory that crashes into the 
planet. 

 
 

 

 
 

Not everything orbits 

vtangential 

Circular orbits 

If an object’s tangential velocity 
is just right, the object follows a 

circular path.   
 

In circular orbits, the entire 
velocity vector is tangent to the 

circle. 

 
The Earth’s orbit around the Sun 

is very nearly a perfect circle.   

 
 

vtangential 

The Earth orbits the Sun, of course.   
 

But it has another orbit you may not 
know about.    

 

What does Earth orbit? 

The force attracting the Moon to the 
Earth is equal and opposite to the 

force attracting the Earth to the Moon. 
 

Both bodies orbit the center of mass of 
the Earth-Moon system every 28 days. 

 

 
 

What does Earth orbit? 
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The force attracting the Moon to the 
Earth is equal and opposite to the 

force attracting the Earth to the Moon. 
 

Both bodies orbit the center of mass of 
the Earth-Moon system every 28 days. 

 

The center of mass is about 2/3 of the 
way to the Earth’s surface, on the 

Moon-ward side. 

 

What does Earth orbit? 

For further research into the historical development of the gravitational 
force, here are a few references: 

 
•  Darling, D. Gravity's Arc: The Story of Gravity from Aristotle to Einstein 

and Beyond. (Hoboken: Wiley, 2006) 
•  Hawking, S. J. (ed.) On The Shoulders Of Giants. (Philadelphia: Running 

Press, 2002) 

•  Scharf, C. Gravity's Engines: How Bubble-Blowing Black Holes Rule 
Galaxies, Stars, and Life in the Cosmos. (New York: Scientific American,

2012).  

For future research 

1.  Explain in your own words how a falling apple led to Newton’s 
discovery of the law of universal gravitation. 

Assessment 

1.   Explain in your own words how a falling apple led to Newton’s 
discovery of the law of universal gravitation. 

     Possible answer:   

     Newton realized that a falling apple accelerates.  Since F = ma, 

there must be a force on the apple.  Circular motion is also 

accelerated motion, so there must be a force on the Moon to 

keep it in orbit.   

     Newton guessed that the Earth must be attracting both the apple 

and the Moon, causing them to accelerate. 

Assessment 

2.  The mass of the Moon is 7.34 x 1022 kg and its radius is 1.74 x 106 m.  
If a 30 kg dog stands on the surface of the Moon, how much does he 

weigh?  (What is the force of gravity on him?) 

  

Assessment 

2.   The mass of the Moon is 7.34 x 1022 kg and its radius is 1.74 x 106 m.  
If a 30 kg dog stands on the surface of the Moon, how much does he 

weigh?  (What is the force of gravity on him?) 

 answer:   

Assessment 
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3.  Describe a technology that depends on an understanding of Newton’s 
law of universal gravitation. 

Assessment 

3.   Describe a technology that depends on an understanding of Newton’s 
law of universal gravitation. 

     Possible answer:  

     The Hubble telescope is an Earth-orbiting satellite.  Placing the 

Hubble safely in orbit requires an understanding of the gravitational 
force between the telescope and the Earth. 

Assessment 


