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Newton’s Universal Law of Gravitation Quantifies the Gravitational Force Between Two Masses

Any particle in the universe attracts any other object in the universe with a gravitational force whose magnitude is given by 
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Where G is a constant equal to 6.67 x 10-11 N·m2/kg2, m1 and m2 are the masses of the objects, and r is the distance between the centers of the two masses.  

The Net Gravitational Force on an Object is the Sum of All Gravitational Forces Acting Upon It
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Gravitational forces obey the principle of superposition, which means that if multiple objects interact, the net gravitational force F on a particle is the vector sum of the gravitational forces on it from all other objects.  For example, when the earth, moon, and sun are in alignment, as seen below, the net gravitational force on the earth is the sum of the gravitational forces exerted by the sun and the moon.
The Gravitational Acceleration of a Mass is Due to the Net Gravitational Force Acting Upon It

When the object is a distance r from the center of a uniform spherical body (like a planet) of mass M, the magnitude Fg of the gravitational force on the object is given by: 
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If we divide through by m on both sides of the equation, we see that the acceleration due to gravity, g, can be found as:
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A more generic equation for the acceleration due to gravity on ANY planet is given as:    
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Newton’s Law of Universal Gravity is an Inverse Square Law
That means that the force of gravity is inversely proportional to the SQUARE of the distance between the two objects:

Fg ( 
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For the following table, you are given that:
	M1
	M2
	r
	Fg

	M1
	M2
	r
	144 N

	M1
	M2
	2r
	36 N

	M1
	M2
	3r
	

	M1
	M2
	r/2
	

	M1
	M2
	r/3
	

	2M1
	M2
	r/3
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Solve for the gravitational force Fg when the values change as shown: 

For Example: Doubling r (everything else stays the same)
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	Planet
	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Neptune

	Mass (kg)
	3.18 x 1023
	4.88 x 1024
	5.98 x 1024
	6.42 x 1023
	1.90 x 1027
	5.68 x 1026
	1.03 x 1026

	Avg. Radius (m)
	2.43 x 106
	6.06 x 106
	6.38 x 106
	3.37 x 106
	6.99 x 107
	5.85 x 107
	2.21 x 107
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I’m attracted to you… and every other object in the universe, because of the law of gravitation… 








Gravity is always an attractive force directed along a line that connects the centers of mass of the objects involved.








Sun








150,000,000,000 m





385,000,000 m





Fg2 (sun on Earth)





Fg1 (moon on Earth)





g =





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Use the information provided in the table above to calculate the acceleration due to gravity at the surface of: 





(a) Mars (3.77 m/s2)























(b) Jupiter (25.9 m/s2)


  




















(c) What is the mass, in kg, of a person who weighs 150 lbs?  There are 4.448 N per pound.  (68.1 kg)























(d) How much would a person who weighs 150 lbs (667 N) on Earth weigh on Jupiter in newtons?  In pounds? (1763 N, 396 lb)








A satellite weighs 200-N on the surface of Earth. (a) What is its mass?  (20.4 kg)




















(b) What is its weight at a distance of one Earth radius above the surface of Earth? (50.0 N)























(c) What is the weight of a second satellite that is two Earth radii above the surface of the Earth, and twice as massive as the first? (44.4 N)





What is the mass of an object that weighs 250. N when it is 1.58 x 107 m from the center of the earth? (156 kg)








Jupiter’s moon, Io, is a dry, large moon of Jupiter, that has an orbital radius of 421,700,000 (4.22 x 108) m and a mass of 8.93 x 1022 kg.  Io is in a nearly circular orbit around Jupiter. (a) What is the gravitational force that Jupiter exerts on Io? (b) How fast is Io moving? and (c) What is the orbital period of Io in seconds?  That is, how much time does it take Io to complete one orbit around Jupiter? (d) What is the orbital period in days?  (6.36 x 1022 N, 17300 m/s, 153,000 sec, 1.77 days)
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