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Announcements
• Today:

–Homework Collection: The Seasons & Kepler’s 
Laws



Rules for Lecture Tutorials
• Work with a partner!! 

– this is the whole point.  it is NOT acceptable to just leave and do them on 
your own

• Read the instructions and questions carefully
• Discuss the concepts and your answers with one another 
• Come to a consensus answer you both agree on.  DO NOT move on to the 

next question until you both agree.
• If ANYONE leaves before their partner is done (or class time is over 1215), 

you will lose all participation credit for the course immediately, if you do it a 
second time, you will fail the class
– you are NOT DONE UNTIL YOU ARE BOTH DONE 

• From now on your partner must sign and print their name on your LT, by doing 
this partner is testifying you were there and you did the LT together

• If you get stuck or are not sure of your answer, ask another group
• If you get really stuck or do not understand what the Lecture Tutorial is 

asking, ask one of us for help.



Kepler’s Laws

1) Planets orbit the Sun along elliptical 
orbits

2) Kepler’s Second Law - planets sweeps 
out equal areas in equal time

3)
a3

AU= P2
years



Kepler’s Second Law
A line joining a planet and the Sun sweeps out equal 

areas in equal intervals of time



Keplers Third Law

The Square of a planet’s period around the Sun is 
directly proportional to its orbit’s semimajor axis

a3
AU= P2

years



Kepler’s Laws
• Kepler’s Laws were empirical, meaning they 

were observed to fit observations
• They apply widely, apply to planets revolving 

around Sun, satellites revolving around planets, 
and other solar systems

• Explanation for Kepler’s laws (why they fit 
observations, why they describe planetary 
motion) came decades later



Galileo Galilei
• 1564-1642, Italian
• Observed sunspots and 

rotation of the Sun
• Did experiments on motion, 

including famous gravity 
experiment on leaning Tower 
of Pisa

• Showed that objects of 
different mass dropped from 
the same height arrive at Earth 
at same speed

• Showed acceleration of all 
falling objects near Earth was 
9.8 m/s2



The great 
scientist 

Galileo made 
discoveries 

that strongly 
supported a 
heliocentric 
cosmogony



Galileo’s telescope revealed phases of Venus 
which could only occur IF Venus orbits the Sun.



The fathers of astronomy

Kepler - tried to interpret Brahe’s 
observations, found they could be 
explained if orbits were ellipses

Galileo - detailed observations of venus, and 
moons around other planets.  Formed law 
of falling bodies (gravitation)

Newton- Theory of gravitation, developed 
calculus, did experiments and theories on 
light

Copernicus - by assuming heliocentric 
universe could predict where each of the 
planets was relative to Sun & Earth.   
Problem - he assumed the planets were 
in circular orbits

Brahe - Made detailed observations of the 
planets



Isaac Newton 
(1642 – 1727)

The Baddest 
Dead White 

Guy of Them 
All



Newton: The Original Theorist
• Until the mid-17th century nearly all astronomy had 

been done empirically - observe and fit data (data 
driven)

• Newton developed his laws of motion and gravity 
theoretically; begin with physical assumptions, 
develop the mathematics that describe those physical 
assumptions

• Newton developed calculus, studied optics, 
developed the Universal Law of Gravitation and the 
laws of motion that dictate most of celestial 
mechanics

• He has had perhaps the greatest effect on science 
ever

• Different approach: start with three physical 
assumptions - Newtons Laws of Motion



Some definitions
Speed - how fast something is going (mph, cm/s, etc)
Velocity - speed and direction (cm/s)
Acceleration - rate at which velocity changes (v/t: units cm/s2 )
Acceleration provides a force (amusement park rides, car 

acceleration).  An object moving in a circle is acted on by a 
force  - gravitational force



Newton’s Three Laws of Motion

First Law - A body remains at rest or moves in a 
straight line at a constant speed unless acted upon 
by an outside (net) force.

Second Law - (net) Force = mass x acceleration
Third Law - 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

• A body remains at rest or moves in a straight 
line at a constant speed unless acted upon by 
an outside (net) force.

• A rockets will coast in space along a straight 
line at constant speed.

• A hokey puck glides across the ice at constant 
speed until it hits something 



Newton’s Second Law of Motion

• (net)Force = mass x acceleration or 
Fnet = m x a

• Acceleration is the rate of change in velocity – 
or how quickly your speed is changing.



Newton’s Third Law of Motion

• Whenever one body exerts a force on a second 
body, the second body exerts an equal and 
opposite force on the first body.



This is the ferrari enzo, the 
fastest street legal car ever (or 
so I read on the internet).  It 
goes from 0 to 60 miles per 
hour (mph) in 3.3 seconds.  In 
making that statement, “0 to 
60 in 3.3 seconds” what value 
am I referring to?

a) speed
b) velocity
c) acceleration



Newton’s Universal Law of 
Gravitation

G = universal gravitational constant

Two bodies attract each other 
with a force that is directly 
proportional to the product of 
their masses and inversely 
proportional to the square of 
the distance between them



Fgrav =
Gm1m2

d2

Newtons Law of Gravitation
To figure out the gravitational force just 
multiply the mass of the two things 
together then divide by the distance they 
are apart (squared)
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Newton’s Law and  Gravitation
• All my favorite Projectiles behave like this!!!  
   

Force

Velocity

Acceleration



Kepler’s Laws can all be derived from 
Newton’s Laws...

Newton’s Laws prove Kepler’s Laws
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Lecture Tutorial: Newton’s 
Laws and Gravity, p. 29
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