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5
Gravity
5.1 Central Forces
5.1.1
Newton’s Law Of Gravity
(Link with section 1.3.2)
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The negative sign in -
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 means that the force is toward 1, i.e. it is attractive.

By Newton’s 3rd Law 

F2 on 1 = -F1 on 2


A central force is directed toward or away from a fixed point.

5.1.2 Basic Properties 
If F1 on 2 is the only force acting on 2
From Section 3.6.2.1. and 3.6.2.2 
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But 
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 since F1 on 2 is parallel 
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5.1.2.1 For a central force, the angular momentum about the centre of force is constant if no other forces act.
5.1.2.2
Motion is confined to the plane defined by 
[image: image7.wmf]r

and 
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As F is parallel to r there is no component of F perpendicular to the plane. It can also be proved by conservation of angular momentum.

5.1.2
Potential Energy

                A


         B

      r2             r1
 m1
m2 moves from A to B

W = Work done by gravity = 
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But dl = 
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So
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We let 
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Gravitational force is conservative, so from (Section 3.3.3.1) 
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We define , so
[image: image16.wmf]0

)

(

=

¥

=

r

U


5.1.3.1
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5.1.4
Spherically Symmetrical Objects
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Spherical        Ring 

shell 

What is U due to shell?

Any point of mass mi on this ring creates:
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The sum over the ring is
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From problem sheet 8
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Where ms = Mass of the whole shell

Therefore du = 
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    Smax = l + R
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Therefore Ushell = 
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 the same as if ms were concentrated at the centre of the shell. (Section 5.1.3.1)
Only spherically symmetric mass distributions made up of concentric spherical shells, so U = 
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Also, 
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And
5.1.4.1
Gravitational potential energy and force outside a spherically symmetric mass distribution is the same as if all the mass were concentrated at the centre.
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