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Kepler’s laws and 

the planets 

Objectives 

•  Describe the historical development of our 
understanding of the solar system. 

•  Explain Kepler’s three laws of planetary motion. 

•  Investigate the use of “Doppler velocity” for 

detecting extrasolar planets. 

1.  Describe the key difference between Ptolemy’s understanding 
of the solar system and the beliefs of Nicolaus Copernicus. 

2.  Kepler was the first to correctly describe the shape of planetary 

orbits.  How did he describe them, and what was his evidence? 

Assessment 

3.  How did the work of Kepler, Galileo, and Newton (among others) 
change the way that humans judge what is true? 

4.  What is meant by the term “Doppler velocity” and how is it used 

by astronomers? 

 

Physics terms 

•  extrasolar planets 

•  Doppler velocity 

•  Kepler’s laws of planetary motion 

•  ellipse 

According to Ptolemy (AD 90 – 168) 
the Earth was at the center of the 

universe.   
 

The Sun, Moon, planets, and stars 
circled the Earth in spheres. 

 

 
 

Ptolemy’s model 

According to Ptolemy (AD 90 – 168) 
the Earth was at the center of the 

universe.   
 

The Sun, Moon, planets, and stars 
circled the Earth in spheres. 

 

This illustration shows an explorer 
peering out of the first and lowest 

celestial sphere, which contained 

the sky, clouds, and air. 
 

Ptolemy’s model 
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Copernicus (1473 – 1543) was the 
first to deduce that Earth and the 

planets actually revolve around 
the Sun. 

 
This idea is called heliocentrism.  

Copernicus and heliocentrism 

Danish nobleman Tycho Brahe 
(1571-1630) built the most accurate 

observational equipment of his day. 
 

He used it to collect very accurate 
measurements of the positions of 

stars and planets over many years. 

 
His data was key to the next step in 

solving the solar system puzzle. 

 

Brahe’s observations 

Kepler’s laws 
Johannes Kepler (1571-1630) analyzed Brahe’s data and discovered 
patterns in the motion of the planets.  In 1609 he published what are 

now known as Kepler’s laws of planetary motion. 

Kepler’s laws 
Johannes Kepler (1571-1630) analyzed Brahe’s data and discovered 
patterns in the motion of the planets.  In 1609 he published what are 

now known as Kepler’s laws of planetary motion. 

Orbits of the planets 
are ellipses with the 

Sun at one focus. 

Kepler’s laws 
Johannes Kepler (1571-1630) analyzed Brahe’s data and discovered 
patterns in the motion of the planets.  In 1609 he published what are 

now known as Kepler’s laws of planetary motion. 

A line from a planet to the 
Sun sweeps out equal 

areas in equal time. 

Orbits of the planets 
are ellipses with the 

Sun at one focus. 

Orbits of the planets 
are ellipses with the 

Sun at one focus. 

A line from a planet to the 
Sun sweeps out equal 

areas in equal time. 

The orbital period squared 
is proportional to the major 

radius cubed. 

Kepler’s laws 
Johannes Kepler (1571-1630) analyzed Brahe’s data and discovered 
patterns in the motion of the planets.  In 1609 he published what are 

now known as Kepler’s laws of planetary motion. 
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Italian philosopher Galileo Galilei was a 

contemporary of Kepler.   
 

Like Kepler, Galileo believed that Earth 
and the planets orbited the Sun. 

 

Galileo was the first to use a telescope 
to make and record astronomical 

observations.  

 
 

Galileo’s observations 

In 1610, Galileo turned his telescope toward Jupiter and observed four 
“stars” near the planet.  The “stars” appeared to change position over 

a few days:   

Galileo’s observations 

Examine this data 
from Galileo’s journal. 

 
Can you guess what 

Galileo concluded 
about these “stars”? 

 

Galileo’s observations 

Galileo correctly 
deduced that these 

were actually four 
moons orbiting 

Jupiter. 
 

In 1610, Galileo turned his telescope toward Jupiter and observed four 
“stars” near the planet.  The “stars” appeared to change position over 

a few days:   

Galileo’s observations 

Galileo’s findings 
provided the first 

direct evidence that 
there were objects 

that did NOT circle 
around the Earth. 

In 1610, Galileo turned his telescope toward Jupiter and observed four 
“stars” near the planet.  The “stars” appeared to change position over 

a few days:   

Galileo used a telescope to 
discover Jupiter’s moons. 

  
Modern astronomer are now 

discovering extrasolar planets
—planets outside our own 

solar system. 

 
Extrasolar planets are too far 

away to see with a telescope.  

So how are they detected? 
 

  

Extrasolar planets 

   
 

Extrasolar planets 

Click on this 
simulation on 

page 221. 

How do astronomers detect 
extrasolar planets?   

 
In Investigation 7C you will 

experiment with one of their  
methods. 
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The mass of a star causes its 
planets to move around in orbits. 

 
Large planets ALSO cause their 

stars to wobble a little.   
 

Astronomers detect these tiny 

wobbles in the motion of a star–
using a Doppler technique. 

 

Investigation 

 

1.   Select a planet with the mass 

and orbital radius of Jupiter. 
 

2.   Play the orbit simulation.  Can 
this planet be detected at this 

orbital radius? 
 

3.   Repeat for each of the eight 

planets in the Solar System at 

that planet’s orbital radius.  
Tabulate your results. 

Investigation 
Part 1:  What planets in our solar system could be detected? 

a.  If you were an astronomer on another 
star and studying our Solar System, 

which planets could you detect?  

b.  Inspect the orbital period in the upper-
left graphic.  If you were an 

astronomer, how long would you have 

to collect scientific data in order to 
detect Jupiter? 

c.  Why can certain planets be detected 
with this technique and others cannot?  

Investigation 
Questions for Part 1 

  

1.  Try detecting a Jupiter-mass 

and “super-Earth”-mass planet 
(five times the mass of the 

Earth) at various orbital radii. 

Investigation 
Part 2:  Hot Jupiters and Super-Earths 

  

Record your results in Table 2 

of your assignment. 

a.  At what orbital radii can a 
“hot Jupiter” be detected?    

A “super-Earth”? 
 

b.  Do you expect this Doppler 
technique to find Earth-like 

planets?  Why or why not?  
 

Investigation 
Questions for Part 2 

Newton’s explanation 
Isaac Newton made the next big contribution to our 
understanding of planetary motion.  He explained 

why the solar system works the way it does.   
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Newton’s explanation 
Isaac Newton made the next big contribution to our 
understanding of planetary motion.  He explained 

why the solar system works the way it does.   
 

•  The planets undergo centripetal acceleration in 

accordance with his second law:  F = ma. 

•  Gravity from the Sun is the centripetal force 

which holds the planets in their orbits. 

Newton’s explanation 
Isaac Newton made the next big contribution to our 
understanding of planetary motion.  He explained 

why the solar system works the way it does.   
 

•  The planets undergo centripetal acceleration in 

accordance with his second law:  F = ma. 

•  Gravity from the Sun is the centripetal force 

which holds the planets in their orbits. 

Newton used his laws of motion and law of 

gravitation to explain WHY Kepler’s laws were true. 

Kepler’s law of periods states:  the square of the 
orbital period of every planet is proportional to 

the cube of its orbital radius. 

But WHY?  Kepler had no answer.  
This was just a surprising pattern that 

he found in the astronomical data. 
 

How did Newton explain WHY this law 
is true?  Let’s see. 

 

Newton explains Kepler’s laws Kepler’s law of periods 
Newton said that gravity was the centripetal force for objects in orbit: 
 

 

Expand the equation:                                      

Kepler’s law of periods 
Newton said that gravity was the centripetal force for objects in orbit: 
 

 

Newton said that gravity was the centripetal force for objects in orbit: 
 

 

Expand the equation:                                      

Cancel and simplify:                                      

Kepler’s law of periods 

(the orbiting mass m
1
 cancels out) 
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Newton said that gravity was the centripetal force for objects in orbit: 
 

 

For circular motion:                                   so         

Expand the equation:                                      

Kepler’s law of periods 

Cancel and simplify:                                      

Substituting for v2 

gives: 
 

m

Rearrange to get T 
on one side: 

 

The term in 
parentheses is a 

constant.  This leaves:  

Kepler’s law of periods 

Newton explained WHY 
Kepler’s laws were true.   

 
This helped Newton 

establish the validity of 
his law of gravity and 

his explanation for 

orbital motion.  

Kepler’s law of periods 

m

Although it took 200 years to be accepted, the Sun-centered solar 
system forever changed how humans think.   

 
•  Before the Renaissance, the correctness of ideas was judged 

based on tradition and reasoning—even if the reasoning was 
incorrect. 

 

•  Kepler, Galileo, Newton, and others ushered in a new way of 
thinking in which truth is assessed by what is seen, heard and 

demonstrated. 

 
This is the essence of modern science. 

The scientific world view 

1.  Describe the key difference between Ptolemy’s understanding 
of the solar system and the beliefs of Nicolaus Copernicus. 

Assessment 

1.  Describe the key difference between Ptolemy’s understanding 
of the solar system and the beliefs of Nicolaus Copernicus. 

Assessment 

Ptolemy believed that the Sun, stars, and 
planets all circled around the Earth. 

 
Copernicus believed that the Earth and 

all the planets circled around the Sun. 
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2.  Kepler was the first to correctly describe the shape of planetary orbits.  
How did he describe them, and what was his evidence? 

Assessment 

2.  Kepler was the first to correctly describe the shape of planetary orbits.  
How did he describe them, and what was his evidence? 

 

Assessment 

Kepler said that all orbits were elliptical.  
He discovered this by analyzing the 

highly accurate data that had been 
gathered for many years in Tycho 

Brahe’s observatory. 
 

3.  How did the work of Kepler, Galileo, and Newton (among others) 
change the way that humans judge what is true? 

 

Assessment 

3.  How did the work of Kepler, Galileo, and Newton (among others) 
change the way that humans judge what is true? 

Assessment 

Prior to the Renaissance, the correctness 
of ideas was judged based on tradition and 

reasoning—even incorrect reasoning.   
 

Kepler, Galileo, and Newton ushered in a 
new way of thinking in which truth is 

assessed by what is actually seen, heard, 

tested, and demonstrated.  
 

Assessment 

4.  What is meant by the term Doppler velocity and how is it used 
by astronomers? 

      

4.  What is meant by the term Doppler velocity and how is it used 
by astronomers? 

      

Assessment 

The Doppler velocity of an astronomical object is how fast it 
is moving towards or away from you along the line-of-sight.   

 
A star’s large mass causes its planets to move in orbits.  But 

the planets themselves also cause the parent stars to wobble 
a little.  The mutual forces form an action-reaction pair.  

 

Astronomers using the Doppler technique try to detect the 
component of the star's velocity along the line-of-sight. 


