
Kepler’s First Law: The orbit of a planet about the Sun 
is an ellipse with the Sun at one focus.  

Kepler’s Second Law: A line joining the planet and the 
Sun sweeps out equal areas in equal intervals of time. 



Kepler’s Laws 
l  Law III 

The orbital period of a planet squared is proportional to the 
length of the semi-major axis cubed,   P2 ~ a3 

-- If P is measured in earth years, and a is measured in AU, then 
the formula becomes for our Solar System  

P2 = a3 

1 Astronomical Unit=1 AU = Distance from Sun to Earth 
149,597,870 km    or   9.3 107 miles 



Using the Third Law 

P2 = a3 

P must be in earth years, and a in AU. 
A planet is located a=4 AU form the sun, what 

is the period of the planet ? 
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A Demonstration of Kepler’s Third Law 



Summary of  Kepler’s  Three Laws 

l  I.  The orbits of the planets are ellipses with the sun at 
one focus. 

l  II.  The orbital path sweeps out equal areas in equal 
time. 

l  III.  The orbital period squared is proportional to the 
average distance cubed (usually expressed in earth 
years and A.U.s). 

            P2 = a3 



A Parsec (pc) 
The parsec, a unit of length commonly used by astronomers, is equal to 
3.26 ly. The parsec is defined as the distance at which 1 AU perpendicular 
to the observer’s line of sight makes an angle of 1 arcsec. 

--- Distances in Astronomy --- 
 

•  1 AU = 9.3 107 miles 
•  1 light year (ly) is the distance that light travels in one year: 

 1 ly = 5.9 1012 miles (=63,000 AU) 
•  1 pc = 3.26 ly 



Isaac Newton (1642-1727) 

One of world’s greatest scientists, co-inventor of  calculus.  
 
He discovered the law of Universal Gravitation, the three Laws 
of Motion and he was able to explain Kepler’s Laws. 
 
Personally rather obnoxious. Did most of his work before he 
turned 25! 



NEWTON’S THREE LAWS OF MOTION 

l  LAW #1: A body remains at rest or moves in a straight line at 
constant speed unless acted upon by a net outside force. 

l  LAW #2: The acceleration of an object is proportional to the 
force acting on it and is inversely proportional to its mass. 

l  LAW #3: Whenever one body exerts a force on a second body, 
the second body exerts an equal and opposite force on the first 
body.  



Newton’s First Law  ( Inertia ) 
 

A body continues to move 
as it has been moving 
unless acted upon by an 
external force. 

A body at rest stays at rest, 
unless acted upon by some 
force. 

An astronaut, floating 
in space, will float in 
a straight line , unless 
some force acts upon 
him/her. 



Newton’s 2nd Law 
 or       a = F/m  F = (mass) a 

Forces acting  on a body can produce an acceleration to a body. 



For every action there is 
 an equal and opposite reaction 

Newton’s 3rd  Law 



NEWTON’S LAW OF GRAVITATION 

l  Every object in the universe attracts every other object with a 
force that is directly proportional to the product of its masses, 
and inversely proportional to the square of its distance. 

l  G=6.67 10-11 Nm2/kg2 is a constant showing the strength of 
gravity; m1 and m2 are masses; and r is the distance between 
the centers of the objects 

l  Using the law of gravitation, Newton was able to derive 
Kepler’s laws of motion 
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Gravity Works at All Scales  
 
This figure shows a few of the 
effects of gravity here on Earth, in 
the solar system, in our Milky Way 
Galaxy, and beyond. 



Conservation of Angular Momentum  
As this skater brings her arms and outstretched leg in, 
she must spin faster to conserve her angular momentum. 



    Conic Sections    
A conic section is any one of a family of curves obtained by 
slicing a cone with a plane, as shown. The orbit of one body 
around another can be an ellipse, a parabola, or a hyperbola. 
Circular orbits are possible because a circle is just an ellipse for 
which both foci are at the same point. 



Conjunctions and Oppositions of Planet Pairs 



 Mercury has an especially eccentric orbit around the Sun. As 
seen from Earth, the angle of Mercury at greatest elongation ranges 
from 18° to 28°.  

 In contrast, Venus’s orbit is nearly circular, with both greatest 
elongations of 47°. 



Key Terms – Chapter 2 
aphelion 
astronomical unit 
conjunction 
conservation of angular 
     momentum 
ellipse 
elongation 
focus (of an ellipse) 
force 
Galilean moons 
Law of gravity 
 
 

heliocentric cosmology 
inferior conjunction 
Kepler’s laws 
law of equal areas 
law of inertia 
law of universal 
     gravitation 
light-year 
mass 
Newton’s laws of motion 
opposition 
 

parsec 
perihelion 
retrograde motion 
semimajor axis 
sidereal period 
superior conjunction 
synodic period 
universal constant of 
     gravitation 
 


