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For Next Time
•Keep on bringing Lecture-Tutorials for 

Introductory Astronomy to class from now on.

•Read Slater Chapter 9, sections 1 and 2 

•Additional reading for the future (optional, 
but provides another perspective):

•http://science.nasa.gov/ssl/pad/solar/chromos.htm 
•Also look at the links under “Solar Structure” at 

the left side of the page. Lots of info and pictures 
about parts of the sun.

2

2Tuesday, February 12, 13



Objectives
•Objectives from Last Lecture, and:

•Describe what determines the strength of gravity. (4.4)
•Explain how Newton’s understanding of gravity extended 

Kepler’s Laws. (4.4)

•Apply Newton’s Law of Gravity to explain Kepler’s Laws 
(conceptual application, not mathematical). (4.4 and 
Speaking Physics)
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Newton’s 1st Law and Orbits

•The picture below shows the orbit of a comet. Based 
on what you know about orbits and on Newton’s 1st 
law what can you conclude about any forces acting on 
the comet?

A)No force acts on the comet
B)A force must act on the comet because its speed changes.
C)A force must act because the direction of motion change.
D)B and C
E)none of the above

1st Law: An object remains at rest, or moves in a straight line 
at a constant speed, unless acted upon by an external force.
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Newton’s Laws of Motion
1. An object remains at rest, or moves in a 

straight line (at a constant velocity), 
unless acted upon by an external force.

2. The acceleration of an object of constant 
mass is proportional to the force acting 
upon it.

3. Whenever one object exerts force upon a 
second object, the second object exerts an 
equal and opposite force upon the first 
object.
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Uniform Circular Motion

What happens if the string breaks?
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Clicker Question
•Why do Astronauts float in 
the Space Shuttle?

A)Gravity is weaker farther from 
the Earth

B)There is no gravity in space.
C)They fall at the same rate as the 

Shuttle.
D)None of the above.

Astronaut Marsha 
Ivins works in on the 
Space Shuttle while 
her hair floats all 
around her. 
Credit: NASA.

Might seem unrelated to current material...it is related!
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Newton's 2nd Law: Clicker Question

•One of my 11 year-old daughters, Rachel, and I jump off of 
a picnic table.  Air resistance is negligible so we both fall at 
the same rate.  My mass is 4 times greater than that of 
Rachel.  How many times stronger is the force of gravity 
on me compared to the gravitational force on each of 
them? 

A)The forces are the same since the acceleration is the same.
B)The force is larger on Matt but we can’t know how much 

bigger without knowing the actual acceleration.
C)The force on Matt is 4 times bigger.
D)The force on Rachel is 4 times bigger than on Matt.
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The Interesting Property of Gravity

•How many times stronger is the force of gravity 
on Matt compared to that of his daughter?

(a)We have same acceleration
(b)We have different masses (Matt is 4x Rachel)...
(c)Force is 4x bigger on Matt than Rachel

•KEY QUESTION: How does gravity know to 
adjust its strength to exactly match the mass of 
the object it is pulling on?
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Clicker Question
•During a baseball game, a batter hits a 
home run by hitting a small baseball 
with a bat at high speed. Which is larger?

(a)The force of the bat on the ball.
(b)The force of the ball on the bat.
(c)Cannot be determined without more 

information.
(d)None of the above.
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Newton’s 3rd Law

•More Accurate Way of Remembering this: 
“All Forces come in equal and opposite 
pairs!”

•Whenever one object exerts force upon a 
second object, the second object exerts an 
equal and opposite force upon the first object.

•Sometimes subtle, but always true.
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Everything Comes Down to 4 Laws

The Greeks started with over a hundred "circles nested on circles nested 
on circles nested on .... orbiting the Earth" each moving at their own 
speeds in order to explain the motion of the planets...

With Newton we are down to just 4 laws...
• An object remains at rest, or moves in a straight line (at a 

constant velocity), unless acted upon by an external force.
• The acceleration of an object of constant mass is proportional 

to the force acting upon it.
• Whenever one object exerts force upon a second object, the 

second object exerts an equal and opposite force upon the first 
object.

• The Force responsible for planetary motion is gravity ... NEED 
MORE DETAILS HERE BEFORE WE HAVE A LAW!!!!
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Explaining Kepler’s Laws 
with Newton’s Laws

“Getting Gravity Down to Earth”
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The Gravity of the Matter

•Newton’s Three Laws of Motion don’t 
tell us what the force is that causes 
planets to accelerate in their orbits ... it 
just tells us a force must be present.

•Newton decided to try to describe the 
force that came to be called gravity.

14

14Tuesday, February 12, 13



Required Properties of Gravity 1

•In order to describe gravity, Newton 
had to consider all the known properties 
of gravity in his day:

•All planets accelerate toward the Sun.

•THEREFORE: The force of gravity must be 
attractive.
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Required Properties of Gravity 2

•Galileo showed all masses fall with 
same acceleration.

•THEREFORE: The force of gravity must be 
attractive and its strength on an object must 
be proportional to the object’s mass.
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Required Properties of Gravity 3

•From Newton’s 3rd Law, we know if an object exerts a 
gravitational force on a second object, the second object 
must exert and equal and opposite force back on the first 
object.  

•Newton assumed that for reasons of symmetry this 
“reaction” force was also gravity and 

•THEREFORE: The force of gravity must be attractive 
and its strength on an object must be proportional to the 
masses of both objects involved!
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Required Properties of Gravity 4

•Kepler’s 3rd Law: outer planets orbit 
slower... therefore accelerate less.

•THEREFORE: The force of gravity must be 
attractive and its strength on an object must be 
proportional to the masses of both objects 
involved and it must weaken as the distance 
separating the objects increases.
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Required Properties of Gravity 5

•How does this force depend on distance?
•Newton knew that light given off by the Sun 

diminished in brightness as it spread out.
•Light per unit area some distance, d, from Sun:

•If gravity similar: The force of gravity must be 
attractive and its strength on an object must be 
proportional to the masses of both objects 
involved and it must weaken as the square of the 
distance separating the objects.

Brightness =
Amt of Light

area of sphere
=

L

4�d2
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Newton’s Law of Gravitation

•Requirements: The force of gravity must be 
attractive and probably it weakens as the square 
of distance separating the objects increases and 
its strength on an object must be proportional to 
the masses of both objects involved!

•Newton put all these properties together into 
his Universal Law of Gravitation:

Fgrav =
GM1M2

d2

(and this force is attractive between mass 1 and 2)

G is just a constant whose value 
can be found by experiment.  It’s 
SMALL!
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The “Why” of Kepler’s Laws: 
Kepler’s 2nd law

•Kepler’s 2nd law: “Planets sweep out 
equal areas in equal time”

•Alternate expression: “Planets move faster 
when closer to the Sun”

•When is the force of gravity strongest on 
a planet?

•What does this mean for the planet’s 
acceleration (in this case, changes in both 
direction and speed)?
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Now finish the Lecture Tutorial...

•Please finish the “Speaking Physics” in 
Lecture Tutorials book, page 19.
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Astronomical Masses

•Newton’s version of Kepler’s Third Law 
has three variables: P, a, and M.

•Know any two variables in the equation, the 
third is solvable.  

P 2 = 4�2

GM a3

For any object orbiting a much 
more massive object. 
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In lab in a few weeks...”weigh” Jupiter by observing radius, 

period of orbits of its moons!

M = 4�2

G
a3

P 2
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Punchline:
•We can explain the motions of the planets with Newton's 

Three Laws of Motion:
1.An object remains at rest, or moves in a straight line (at a 

constant velocity), unless acted upon by an external force.
2.The acceleration of an object of constant mass is proportional 

to the force acting upon it.
3.Whenever one object exerts force upon a second object, the 

second object exerts an equal and opposite force upon the first 
object.

•and Newton's Law of Gravitation...

•PUNCHLINE: But there are a lot of other astronomical 
phenomenon we can explain by applying Newton's 
Physics...
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For Next Time
•Keep on bringing Lecture-Tutorials for 

Introductory Astronomy to class from now on.

•Read Slater Chapter 9, sections 1 and 2 

•Additional reading for the future (optional, 
but provides another perspective):

•http://science.nasa.gov/ssl/pad/solar/chromos.htm 
•Also look at the links under “Solar Structure” at 

the left side of the page. Lots of info and pictures 
about parts of the sun.
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