
CHAPTER 2 
Gravitation and the 

Motion of the Planets 



Chapter 2 Questions 

1.  What is the general motion of the Earth, the other 
planets, and the Sun? 

2.  Do the planets orbit the Sun at the same speeds? 
3.  Do all of the planets orbit the Sun at the same speed? 
4.  How much force does it take to keep an object moving 

in a straight line at a constant speed? 
5.  Do astronauts orbiting Earth feel the force of gravity 

from our planet? 



Eratosthenes  read of a well in Syene, 
Egypt which at noon on June 21 would 
reflect the sun overhead. 
  

The distance between Alexandria and 
Syene is about 740 kilometers 

A year later, Eratosthenes in 
Alexandria observed the shadow of a 
stick and measured the angle to be  
7.2 deg. 

c/740 = 360/7.2 
c=38,057 km or 22,940 mi 

Eratosthenes (276 –194 B.C.) measured the circumference 
of the Earth, the earth is ROUND!! 

He was the third chief librarian of the 
Great Library of Alexandria, the center of 
science and learning in the ancient world, 
and died in Alexandria, then the capital of 
Ptolemaic Egypt. 



Voyager4.5 
 

1.   The Background stars appear to never change their relative positions. 
2.   The planets do move against the background fixed star pattern. 
3.   The observed motions of the planets are not so simple. 

What do the paths of the planets look like 
from Earth? 



To help visualize this motion on the celestial sphere, astronomers plot 
the position of Mars on a star chart. From January 25, 2012, through 
April 13, 2012, Mars undergoes retrograde motion as seen from Earth. 
The retrograde path is sometimes a loop north (shown here) or south of 
the normal path, and sometimes an S-shaped path above or below it. 

Retrograde Motion of Mars as seen from Earth 



Claudius Ptolemy  
90-168 A.D. 

Born in Alexandria, Egypt.  
       His model of the Solar system strived to explain the 

motion of the  planets. 
He presumed that the Earth was at the center of the 

Universe (geocentric) a theory that had been 
proposed by Aristotle. 

                                                    



Each planet revolves around an epicycle, which in turn revolves around a deferent 
centered approximately on Earth.  
As seen from Earth, the speed of the planet on the epicycle alternately  
(a)  adds to or  
(b)  subtracts from the speed of the epicycle on the deferent, thus producing 
alternating periods of direct and retrograde motions. 

 
http://www.youtube.com/watch?v=72FrZz_zJFU 

 
http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::800::600::/sites/dl/free/

0072482621/78780/Retro_Nav.swf::Retrograde%20Motion 



  
                    

Geocentric 
Theory 

The planets & Sun 
revolve around the 
Earth. The circles are 
epicycles, where the 
planets appear to go 
into a loop and then 
continue onward. 



 Nicolaus Copernicus (1473–1543)  
 
 
Copernicus, the youngest of four children, was born in 
Torun, Poland. He pursued his higher education in 
Italy, where he received a doctorate in canon law and 
studied medicine. Copernicus developed a heliocentric 
theory of the known universe and just before his death 
in 1543 published this work under the title De 
Revolutionibus Orbium Coelestium. His revolutionary 
theory was flawed in that he assumed that the planets 
had circular orbits around the Sun. This was corrected 
by Johannes Kepler. 



  

He also had a simple explanation 
for retrograde motion, the planet 
moving backwards for a short 
period of time. 

Nicolaus Copernicus (1473–1543)  



Tycho Brahe (1546–1601)  
Johannes Kepler (1571–1630) 
 
Tycho (depicted within the portrait of Kepler) was born to 
nobility in the Danish city of Knudstrup, which is now part 
of Sweden. At age 20, he lost part of his nose in a duel and 
wore a metal replacement thereafter. In 1576, the Danish 
king Frederick II built Tycho an astronomical observatory 
called Tychonamed Uraniborg (after Urania, Greek muse 
of astronomy). Tycho rejected both Copernicus’s 
heliocentric theory and the Ptolemaic geocentric system. 
He devised a halfway theory called the Tychonic system. 
According to Tycho’s theory, Earth is stationary, with the 
Sun and Moon revolving around it, while all the other 
planets revolve around the Sun. Tycho died in 1601.  
 
Kepler was educated in Germany, where he spent 3 years 
studying mathematics, philosophy, and theology. In 1596, 
Kepler published a booklet in which he attempted to 
mathematically predict the planetary orbits. Although his 
theory was altogether wrong, its boldness and originality 
attracted the attention of Tycho Brahe, whose staff Kepler 
joined in 1600.  
--Kepler deduced his three laws from Tycho’s observations. 



 Galileo Galilei (1564–1642)  
 
Born in Pisa, Italy, Galileo studied medicine and 
philosophy at the University of Pisa. He abandoned 
medicine in favor of mathematics. He held the chair 
of mathematics at the University of Padua, and 
eventually returned to the University of Pisa as a 
professor of mathematics. There Galileo formulated 
his famous law of falling bodies: All objects fall with 
the same acceleration regardless of their weight. In 
1609 he constructed a telescope and made a host of 
discoveries that contradicted the teachings of 
Aristotle and the Roman Catholic Church. He 
summed up his life’s work on motion, acceleration, 
and gravity in the book Dialogues Concerning the 
Two Chief World Systems, published in 1632. 

 



                       Galileo’s earlier work: 
l  1590 - Masses fall at same rate, heavier do not fall 

faster (unless affected by air resistance). First to 
experiment. 

l  1604 - He observed a supernova. 
                                     Telescopes 

l  1609 - He hears of the invention of a telescope, which  
uses eyeglass lenses. 

l  Works out details of better lenses and builds improved 
ones himself. 



Telescope Discoveries -  
The Moons of Jupiter 

   Clear example of four 
objects that do not 
orbit the Earth. 

    



This is a photograph of the four Galilean moons of Jupiter. 
Each moon would be bright enough to be seen with the 
unaided eye were it not overwhelmed by the glare of Jupiter. 







Galileo’s Venus Observations 

       1. Detects the phases of Venus 
 2. Phases show that Venus must orbit the Sun. 

From our text:  Horizons, by Seeds 



Telescope Discoveries 

  Sunspots 

�  He showed they were really on the Sun. 

�  But the Sun was made in the image of 
God! 

 

On the Moon he saw mountains, valleys 
and (Earthlike) features. 



Johannes Kepler  
(1571-1630) 

He was born sickly and poor and, went to work with 
Tycho to escape 30 Years War.   
 
 
 
 
 
 
 
Kepler proposed a geometrical heliocentric model 
with imbedded polygons, but had to gave up (clever, 
but not better).  



  l  Kepler finally determined, that the planets moved along 
elliptical paths, with the sun at one of the foci of the ellipse. 

Since the planets’ orbits are close to circular, nothing 
is located at the other focus. 



Properties of Ellipses 

                An ellipse is defined by two constants: 
l  (1) eccentricity e  e=0 circle,         e=1  line 
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e = 



b 
a 

a = Semi-major axis 

b = Semi-minor axis (we will not use) 

     (2)   semi-major axis  = a  
            1/2 length of major axis 

Properties of Ellipses 



Kepler’s Three Laws 

l Law I 
l  Planets orbit the Sun in ellipses with the Sun at one focus 

of the ellipse. 

Sun 

Planet 

Note: There is nothing at the 
other focus or in the center.  

Perihelion 

 *Closest* 

  Aphelion 

 *Furthest* 



Kepler’s Law II   
2) A line between a planet and the Sun sweeps out equal 
areas of the ellipse in equal amounts of time. 


