GRAVITY
The force of gravity is an attractive force between two masses that is proportional to the product of the masses and inversely proportional to their separation distance squared.
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Where the unit vector 
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 points outward on a line connecting m to M

At or near the surface of the earth, 
r = R
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, W = mg = GM
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Thus, g = GM
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= 9.81N/kg
The gravitational field ( 
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 ) is the force of gravity per unit mass.  The field concept is used in Newtonian Mechanics to describe interaction at a distance.  
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For a height, h, above the surface of the earth that is small compared to the radius of the earth, the magnitude of the gravitational field is fairly constant and equal to g.

GM
[image: image16.wmf]earth

/R
[image: image17.wmf]earth
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  = g = 9.81N/kg

 Since the force of gravity is conservative, it has a potential energy function.
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The change in potential energy when an object is displaced a vertical distance h, is still mgh provided that h is much smaller than the radius of the earth.
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We can prove 
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U = mgh by finding a common denominator of (R
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 for h << R
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The kinetic energy is 0.5mv
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for an object if we neglect the rotational kinetic energy.  For the spinning earth or most other large satellites, the rotational kinetic energy is much less than the translational kinetic energy.  
The total mechanical energy, E = k + U = 0.5mv
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E can be positive, negative, or zero.

The equation, 

 E = 0.5m(dr/dt)
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 is a differential equation for r(t) that has conic sections as a solution for the object’s path. 
For E > 0, the trajectory is hyperbolic. 
For E = 0, the trajectory is parabolic. 
For E < 0, the trajectory is elliptical.  
For a total mechanical energy 
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 0, the orbit or trajectory is an open path. 
For E < 0, the orbit is closed.  Closed orbits are elliptical or circular.  
The circle is a special case of an ellipse where a = b = R and c = 0.
The escape speed is the minimum speed necessary to escape into an open orbit (E = 0).  
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where r is the separation of the small mass m from the large mass M.
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