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1. Newton’s Law of Universal Gravitation


Every particle in the Universe attracts every other particle with a force that is proportional to the product of their masses and inversely proportional to the square of the distance between them. This force acts along the line joining the two particles.


� EMBED Equation.2  ���,


where G is the universal gravitational constant.
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For orbiting of a small body near a large spherical body (e.g., a satellite near a planet), the correct gravitation force will be obtained if the distance r in the universal gravitation law is set to be the distance between the small body (satellite) and the center of the large body (the planet).





Cavendish’s Experiment


The value of G has first been measured by Henry Cavendish in 1798.
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2. Gravity Acceleration near Earth’s Surface


Force exerted by Earth’s gravitation on a body at its surface is 


� EMBED Equation.2  ���


Correspondingly, the free-fall acceleration is


� EMBED Equation.2  ���


Confirming Galileo’s hypothesis, the free-fall acceleration does not depend on the mass of a falling body!





The acceleration due to the force of gravity at a distance r from the Earth’s center, 


� EMBED Equation.2  ���.


Thus, 


� EMBED Equation.2  ���


In fact, this acceleration does not depend on the body’s mass.





For the height h above the earth’s surface, � EMBED Equation.2  ���and 


� EMBED Equation.2  ���.








Example: Find the free-fall acceleration at the top of Mt. Everest (8848 m). 


� EMBED Equation.2  ���





3. Orbiting and Satellites


� EMBED Word.Picture.6  ���


The physical origin of the centripetal force for orbiting is gravitation, so


� EMBED Equation.2  ���


Substituting both these forces,


�� EMBED Equation.2  ���,


we find the orbiting velocity,


� EMBED Equation.2  ���


Interestingly, mass of the satellite canceled out -- this result is valid for any satellite!


On the other hand we know that � EMBED Equation.2  ���. Consequently, 


� EMBED Equation.2  ���.


Substituting g, we obtain another useful formula for the orbiting speed at the distance r from the Earth’s center,


� EMBED Equation.2  ���


Fnally, we find the revolution period,


� EMBED Equation.2  ���.


None of these results depends on the mass of a satellite.





Example:


Find the period of revolution of the Moon about the Earth.


�Solution:


� EMBED Word.Picture.6  ���





� EMBED Equation.2  ���in a good agreement with observations.





4. Keppler’ Laws and Celestial Mechanics


Keppler’s first law: The path of each planet about the Sun is an ellipse with the Sun at one focus.
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� EMBED Package  ���Double-click to activate the demonstration package (requires Interactive Physics II by Knowledge revolution)�
Different types of orbits





� EMBED Word.Picture.6  ����
� EMBED Package  ���


Double-click the icon to open a package in Mathematica (Mathematica should be installed on your computer)
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Keppler’s Second Law: Each planet moves so that an imaginary line drawn from the Sun to the planet sweeps out equal areas in equal periods of time
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Keppler’s Third Law: The ratio of squares of the periods of any two planets revolving about the Sun is equal to the ratio of cubes of their mean distances from the Sun (precisely, the ratio of the major semiaxes of their orbits) 


� EMBED Equation.2  ���


We have actually derived this law for circular orbits. We have obtained for the revolution period (the year) T


� EMBED Equation.2  ���.


Taking square of the both sides of this equation we obtain


� EMBED Equation.2  ���.


Dividing two such expression for two different planets, we prove the Keppler’s third law:


� EMBED Equation.2  ���
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