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Orbits 
Objectives 

•  Describe and calculate how the magnitude of the 
gravitational force between two objects depends on 

their masses and the distance between their centers. 

•  Analyze and describe orbital circular motion using 

equations. 

 

1.  The Sun has a mass of 2.0 x 1030 kg.  Jupiter has a mass of 
1.9 x 1027 kg and is 7.8 x 108 kilometers from the Sun.    

a.   What is the gravitational attractive force between Jupiter 

and the Sun? 

b.  Assuming its orbit is circular, how fast does Jupiter move 

in its orbit around the Sun? 

 

Assessment Physics terms 

•  satellite 

•  orbit 

•  geostationary 

•  highly elliptical  

Equations 

According to Newton’s first 
law, all objects continue to 

move in a straight line 
UNLESS acted on by an 

unbalanced force. 
 

Orbits and unbalanced forces 
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To follow a circular path an 
object must have a net force 

that points into the circle. 
 

This radial force is called the 
centripetal force, Fc. 

 

Orbits and centripetal forces 

Any type of physical 
force can provide a 

centripetal force. 
 

What provides the 
centripetal force Fc 

for an orbiting body? 

Orbital motion 

Gravity provides the 
centripetal force for orbits. 

 
 

 

Fg =
Gm

1
m
2

r
2

Gravity is the centripetal force 

This key idea explains the 
velocities of the planets and 

the length of their years. 
 

Click on this 
interactive 

simulation on 
page 219. 

 

Investigation 

1.  Select Earth.  

2.  Vary the orbital velocity v to find the 

best match for Earth’s true orbit. 
Record Earth's minimum and 

maximum velocities and average 

distance from the Sun. 

3.  Repeat for the other seven planets. 

Part 1:  Orbital velocities of the planets 

Investigation 

a.  Write a hypothesis about 
which planets move faster or 

slower, outer planets or inner 
planets.  

b.  From your results in the 

simulation, does Jupiter move 

faster or slower than the 
Earth?  Does this evidence 

support or contradict your 

hypothesis?  

Investigation 
Questions for Part 1 
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c.  Using the simulation results, 
how does orbital velocity vary 

with distance from the Sun? 

d.  Graph average orbital velocity v 

against distance from the Sun r.  

Is it a straight line?  

 

e.  Devise a new graph of vavg 

against a different quantity 

derived from r that will be a 

straight line.  Measure its slope.  

Investigation 
Questions for Part 1 

In order to send a satellite from one 
planet to another, it is necessary to 

change the satellite’s velocity.  
These trajectories are called 

transfer orbits. 

1.  Select Earth.  Determine the initial 
velocity necessary to propel a 

satellite initially from Earth's orbit 
to just reach Mars's orbit. 

 

Investigation 
Part 2:  Transfer orbits 

 
a.  Compare the average velocity 

for Earth's orbit with the velocity 
necessary to reach Mars's orbit. 

How much does the velocity 
have to change?  

b.  What provides this change in 
velocity of the satellite?  

c.  How much “elapsed time” does 
it take for this satellite to reach 

Mars?  

Investigation 
Questions for Part 2 

What does orbital velocity 
depend on?   

 
What variables would you 

expect to see in an equation 
for orbital velocity? 

 

Where will this equation 
come from? 

Orbital velocity 

Gravity provides the 
centripetal force for orbits: 

 
 

 
Fg =

Gm
1
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Orbital velocity 

Fg =
Gm

1
m
2

r
2

Orbital velocity 

Expand the equation: 
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Solve the equation for velocity. 

m
2

Fg =
Gm

1
m
2

r
2

Orbital velocity 

Which mass cancels out?   
The small mass of the satellite, 

or the large mass of Earth? 

The small mass of the satellite 
cancels out.  What else cancels? 

m
2

Fg =
Gm

1
m
2

r
2

Orbital velocity 

Solve the equation for velocity. 

where m2 is the mass of the large central 

body and R is the center-to-center distance  

Fg =
Gm

1
m
2

r
2

Orbital velocity 

Solve the equation for velocity. For a planet in a circular orbit around the Sun, 
would its velocity have to be faster, slower, or 

the same . . .  
 

•  if the orbital radius was larger?   

•  if the planet’s mass was larger?   

•  if the Sun’s mass was larger?  

Understanding orbital velocity 

v =
Gm

2

R

For a planet in a circular orbit around the Sun, 
would its velocity have to be faster, slower, or 

the same . . .  
 

•  if the orbital radius was larger?  slower 
 

•  if the planet’s mass was larger?  the same  

 
•  if the Sun’s mass was larger?  faster 

Understanding orbital velocity 

v =
Gm

2

R

Solve for orbital velocity 

A communication satellite orbits Earth at a radius of 42,000 km.  
Calculate the satellite’s orbital velocity.  (mEarth = 6.0 x 1024 kg) 

 
Asked:  v 

 
Given:  r 

 

Relationships: 
 

Solution: 
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A communication satellite orbits Earth at a radius of 42,000 km.  
Calculate the satellite’s orbital velocity.  (mEarth = 6.0 x 1024 kg) 

 
Asked:  vorbital 

 
Given:  r, mEarth 

 

Relationships: 
 

Solution: 

Solve for orbital velocity 

A communication satellite orbits Earth at a radius of 42,000 km.  
Calculate the satellite’s orbital velocity.  (mEarth = 6.0 x 1024 kg) 

 
Asked:  vorbital 

 
Given:  r, mEarth 

 

Relationships: 
 

Solution: 

Solve for orbital velocity 

 
 

 

The time required for one full orbit is 
called the orbital period, T. 

 
•  Earth’s orbital period is 365 days. 

•  The International Space Station’s 

orbital period is about 93 minutes. 

Orbital period Orbital period 

We can use this equation for 
orbital velocity to derive a 

formula for the orbital period. 

 
 

 
orbital velocity: 
 

 
 

orbital period:                                        
 

 

 

A formula for orbital period 
 
 

 
orbital velocity: 
 

 
 

orbital period:                                       where  
 

 

 

A formula for orbital period 
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orbital velocity: 
 

 
 

orbital period:                                       where  
 

 

 

A formula for orbital period 
 
 

 
What does this equation tell you? 
 

It says that planets farther from the 
Sun take longer to complete an orbit.   

 
Planets farther from the Sun have 

longer years.  

 
 

Understanding the orbital period 

 
 

 

A satellite in a geostationary orbit 
completes one orbit in exactly one day. 

 
These satellites appear to hang in the sky 

above a point on the equator. 
 

Weather and communications satellites 

use geostationary orbits.  Why? 
 

 

 

Geostationary orbits 
 
 

 

A satellite in a geostationary orbit 
completes one orbit in exactly one day. 

 
These satellites appear to hang in the sky 

above a point on the equator. 
 

Weather and communications satellites 

use geostationary orbits.  Why? 
 

Ground antennas can always receive a 

signal because these satellites are 
always overhead. 

 

Geostationary orbits 

 
 

 

Locating geostationary orbits 

Asked:  R of a geostationary satellite 
 

Given:  mEarth, orbital period T 

 

 
Relationship: 

 

 
Solution: 

 

 
 

 
              

Asked:  R of a geostationary satellite 
 

Given:  mEarth, orbital period T 

 

 
Relationship: 

 

 
Solution: 

 

              

Locating geostationary orbits 
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Asked:  R of a geostationary satellite 
 

Given:  mEarth, orbital period T 

 

 
Relationship: 

 

 
Solution: 

 

 
 

              This equals an altitude of 35,900 kilometers. 

Locating geostationary orbits 
 
 

 

Geostationary satellites 
orbit about the equator. 

 
No satellite can hover 

directly over a pole. 
 

 

Polar orbits 

 
 

 

Geostationary satellites 
orbit about the equator. 

 
No satellite can hover 

directly over a pole. 
 

But by traveling in a highly 

elliptical orbit (HEO) a 
satellite can spend most of 

its time over a polar region. 

 
How is this possible? 

 

Polar orbits Highly elliptical 

polar orbits 
Orbital velocity is  
slower at aphelion. 

Highly elliptical 

polar orbits 
Orbital velocity is  
slower at aphelion. 

 
Orienting a highly elliptical orbit 

over a pole allows the satellite to 
spend most of its time over a pole. 

Orbital velocity is  
slower at aphelion. 

 
Orienting a highly elliptical orbit 

over a pole allows the satellite to 
spend most of its time over a pole. 

 

A pair of satellites at each pole can 
provide continuous line-of-site 

coverage for both hemispheres. 

Highly elliptical 

polar orbits 
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1.  The Sun has a mass of 2.0 x 1030 kg.  Jupiter has a mass of 
1.9 x 1027 kg and is 7.8 x 108 kilometers from the Sun.     

a)   What is the gravitational attractive force between Jupiter 

and the Sun? 

 

Assessment 
1.  The Sun has a mass of 2.0 x 1030 kg.  Jupiter has a mass of 

1.9 x 1027 kg and is 7.8 x 108 kilometers from the Sun.     

a)   What is the gravitational attractive force between Jupiter 

and the Sun? 

 

 

Assessment 

Asked:  Fg 

 

Given:  mSun, mJupiter, R 
 
Relationship: 
 
Solution: 
 

Assessment 
1.  The Sun has a mass of 2.0 x 1030 kg.  Jupiter has a mass of 

1.9 x 1027 kg and is 7.8 x 108 kilometers from the Sun.     

b)  Assuming its orbit is circular, how fast does Jupiter move 

in its orbit around the Sun? 

Assessment 
1.  The Sun has a mass of 2.0 x 1030 kg.  Jupiter has a mass of 

1.9 x 1027 kg and is 7.8 x 108 kilometers from the Sun.     

b)  Assuming its orbit is circular, how fast does Jupiter move 

in its orbit around the Sun? 

Asked:  v 

 

Given:  mSun, mJupiter, R 
 
Relationship: 
 
Solution: 
 


