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GRAVITY

Chap. 8 of Wolfson

Wh   ill l
Kepler’s laws

What you will learn
Kepler s laws
Newton’s law of gravitation
Gravitational force field
Newton’s “shell theorem”
Different orbits in inverse square law force field
Ci l  ti  d  itCircular motion under gravity
Escape speed, gravitational potential energy
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Kepler’s superb insights …p p g
3

Phys 6A, UCSC, (c) 2008, G.-H. Gweon

Newton’s law of gravitationg
4

Two masses attract each other
An “inverse square law”

Not only explained motions of planets, but also laid basis 
to other subsequent developments (Coulomb force 
between electric charges  a subject of 6C)between electric charges, a subject of 6C).
Constant of universal gravitation
The origin of the gravitational acceleration g (“small g”)g g g ( g )

Close to the earth surface,
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At height h from the surface,
(cf. Ex. 8.1)



Quiz
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Suppose the distance between two objects is cut in Suppose the distance between two objects is cut in 
half.  The gravitational force between them is … 

A. doubled.

B. halved.

C. unchanged.

D quadrupledD. quadrupled.

E. quartered.
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Force field

Non-uniform field vectors/lines.Consider an object with mass M
6

Strong force on m where
field lines are dense.

j
(e.g. the earth).  A small “test 
mass” m will experience a force

Uniform field vectors/lines.
C  i i l f   Here,          is called “force Constant gravitational force on m.Here,          is called force 

field.”
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Force field – what’s the fuss?
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Did we really introduce anything 
This slide is for optional reading.

“real” or “substantial” than just a 
mathematically trivial “invention” –
a “field”?!a field ?!
Answer:  YES! In a more complete/advanced view, the “field” in 
this case has the physical significance as “something exchanged 

http://www.pecentral.org

between two masses.”  So, instead of two masses interacting 
with each other directly at a distance (the “action at a distance
non-sense,” which has bothered the best minds), they interact by 
exchanging “field particles.”  So, in this microscopic sense, all 
forces are contact forces!  For the electromagnetic force (to be 
covered 6C), the field particles are photons, quanta of light.  
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One caveat: for the gravitational force, the (surely Nobel-worth) 
detection of field particles has not been realized yet.

Newton’s shell theorem
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Symmetry, symmetry, spherical symmetry
Proof will be given in Phys 6C.

y y, y y, p y y

In other words  (i) forget about stuff at radius > r  (ii) In other words, (i) forget about stuff at radius > r, (ii) 
treat the total mass of all stuff at radius < r as a 
point mass at the origin.
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p g

A similar theorem holds for Coulomb force (Phys 6C).



Quiz – Journey through the center of 
th  th (j t f  f !)the earth (just for fun!)
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Let us assume (just for fun) that someone Let us assume (just for fun) that someone 
succeeded in building a straight duct through 
the center of the earth   Suppose you drop the center of the earth.  Suppose you drop 
into that duct.  What will happen to you 
(assuming no air resistance or heat is (assuming no air resistance or heat is 
involved)?

A Oscillate back and forthA. Oscillate back and forth

B. Come out through the other side and 
di  i t  
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disappear into space

Journey through the center of the earth 
j t f  f !– just for fun!

10

Use Newton’s shell theorem!Use Newton s shell theorem!

Simple Harmonic Motion, assuming a uniform density!
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http://hyperphysics.phy-astr.gsu.edu



Motions in gravitational field 
N t ’  b ld h i l i i ht– Newton’s bold physical insight

11

What if apple here and the moon up there are What if apple here and the moon up there are 
governed by the same law?!  (concept of symmetry)

Phys 6A, UCSC, (c) 2008, G.-H. Gweon

Motions in gravitational field 
“F lli ” i  diff t t l– “Falling” in different styles
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Elliptical orbits (closed)Elliptical orbits (closed)
(interrupted)
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Circular motion under gravity
E l  h  bitExample – geosynchronous orbit
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Geosynchronous orbit: circular orbit with T = 1 day Geosynchronous orbit: circular orbit with T  1 day 

Altitude required for geosynchronous orbit?
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Gravitational Potential Energygy
14
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Escape Speedp p
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An object shot up may not come back down!  An object shot up may not come back down!  
What is such an escape condition?
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Circular motion and potential energyp gy
16
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Quiz – Circular Motion
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Suppose Spacecraft A and Spacecraft B are in Suppose Spacecraft A and Spacecraft B are in 
circular orbits around the Earth, with Spacecraft B 
at a higher altitude.  Which one of the following g g
statements is true? 

A. Spacecraft B moves faster.

B. Spacecraft B has greater total energy E.

C. A larger proportion of Spacecraft B’s total energy is g p p p gy
kinetic.

D. Spacecraft A has greater potential energy U.
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E. None of the above statements are true.

C l di  i h ?  !
Can you derive g from Newton’s law of gravitation?

Concluding with ? … !18

• Can you derive g from Newton s law of gravitation?

• The (wildly fictional) journey through the center of the 
earth would be a SHM.  How so?

• For a circular motion in a gravitational field,
• What is the relationship between r and T 

(“geosynchronous orbit” or Kepler’s third law problem)?( g y p p )
• What is the relationship between K, U, and E?

• What goes up sometimes does not come down.            
H  ?How so?
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