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Midterm Info
•Before starting:

•Please turn off and put all electronic devices 
(cell phones/MP3 players), books, notes, etc. 
out of sight.

•Empty seat/stairs on both sides of you.
•Please fill out student name and ID number 

on both the printed exam and the scantron 
sheets.

•You can use: pencil and beverage.
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Exam: 5 MINUTES LEFT
•When turning in exam:

•Present your photo ID when turning in exam.
•Last name A-H, left side, J-R middle, S-Z right
•Place scantron in pile.
•Place printed exam in pile

•EXAM SCORES
•Come to class Feb 12; will also get sheet summarizing 

progress in course
•will REOPEN quizzes people have missed, but ONLY if 

you pick up your summary sheet.

•Done with exam? Work quietly on Kepler’s 3rd 
law tutorial, pages 13-16
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Galileo’s Observations and 
Newton’s Laws

a.k.a. “Becoming Astrophysicists”
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Clicker Question
•Consider a planet orbiting the Sun. If the 
mass of the planet doubled but the planet 
stayed at the same orbital distance, then 
the planet would take 

A)more than twice as long to orbit the Sun. 
B)exactly twice as long to orbit the Sun
C)the same amount of time to orbit the Sun. 
D)exactly half as long to orbit the Sun. 
E)less than half as long to orbit the Sun.
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Kepler’s Laws Elsewhere
•Kepler’s Laws apply to 

any object orbiting any 
other object.  Including ...

• binary stars (two stars 
orbiting each other).

•stars orbiting the center 
of the Galaxy.

•Galaxies orbiting other 
galaxies.
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What is k?

•P = 1 year (for Earth)
•a = 1 AU (for Earth)
•so with these units k = 1   

•Meaning: we can use k = 1 for anything orbiting 
the Sun!

•WARNING: k ≠ 1 in other situations!

P2 = ka3 → k = P
2

a3
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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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Questions Kepler Couldn’t Answer 

•Why are Kepler’s Laws correct?
•How would they need to change to apply to 
the moons of Jupiter?

•What determines the constant “k” in 
Kepler’s 3rd Law?

•Why doesn’t planet mass affect period?
•How do you measure planet mass, 
anyway?
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The Beginning of Astrophysics

•Galileo started applying the results of his 
physics experiments done on Earth to the 
behavior of the heavens.

•Subtle Change in Mindset: 
This is the beginning of the idea that the 
rules for the behavior of natural systems 
on Earth could be applied to the heavens.  
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Galileo's Physics Experiments

•Galileo had experimentally 
shown two facts about the 
nature of motion on Earth

•An object at rest will remain at rest 
and an object in motion will remain 
in motion at constant speed unless 
acted upon.

•All objects, regardless of their 
weight, fall at the same rate as long 
as air resistance is not important.
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The “Why” of Kepler’s Laws

•How are orbits like falling?
•Are circles and ellipses to only possible 
orbit shapes?
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Newton’s Thought Experiment

•As horizontal launch 
speed increases, ball 
takes longer to fall.

•Eventually, as the 
object moves fast 
enough and falls, it 
simply misses the 
Earth.

•Object continues 
missing the Earth...
this is an orbit. 

Credit: RobotGuy 
http://www.youtube.com/watch?v=tvTHPEj37RM
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