GRAVITY

“For He says to the snow, 'Fall [on] the earth'; Likewise to the gentle rain and the heavy rain of His strength.”  Job 37:6

· 4 fundamental forces:

1. strong - a force which can hold a nucleus together against the enormous forces of repulsion of the protons

2. electromagnetic - the electromagnetic force manifests itself through the forces between charges (Coulomb's Law) and the magnetic force
3. weak – neutrino action causes beta decay; the sun would not burn without it since the weak interaction causes the transmutation p -> n so that deuterium can form and deuterium fusion can take place.

4. gravity

Gravity

· gravity is the weakest of the four fundamental forces, yet it is the dominant force in the universe for shaping the large scale structure of galaxies, stars, etc.

· the gravitational force between two masses m1 and m2 is given by the relationship:
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· this is often called the "universal law of gravitation"

· G the universal gravitation constant

· r is the distance separating the objects' centers

· the force is always attractive and acts along the line joining the centers of mass of the two masses

· the forces on the two masses are equal in size but opposite in direction, obeying Newton's third law
· Since the gravitational force is directly proportional to the mass of both interacting objects, more massive objects will attract each other with a greater gravitational force; so as the mass of either object increases, the force of gravitational attraction between them also increases

· Since gravitational force is inversely proportional to the separation distance between the two interacting objects, more separation distance will result in weaker gravitational forces. So as two objects are separated from each other, the force of gravitational attraction between them also decreases
· EX 1:  Determine the force of gravitational attraction between the earth (m = 5.98 x 1024 kg) and a 70-kg physics student if the student is standing at sea level, a distance of 6.38 x 106 m from earth's center.

F(grav) = 6.67x10^-11 x 5.98x10^24kg x 70kg / (6.38 x 10^6)² = 686 N

also F = mg = 686N

· EX 2:  Determine the force of gravitational attraction between the earth (m = 5.98 x 1024 kg) and a 70-kg physics student if the student is in an airplane at 40000 feet above earth's surface. This would place the student a distance of 6.39 x 106 m from earth's center.

F(grav) = 6.67x10^-11 x 5.98x10^24kg x 70kg / (6.39 x 10^6m)² = 684 N

· →  observe that the force of gravity acting upon the student (a.k.a. the student's weight) is less on an airplane at 40 000 feet than at sea level

· gravitational interactions do not simply exist between the earth and other objects; and not simply between the sun and other planets; gravitational interactions exist between all objects with an intensity that is directly proportional to the product of their masses

· as you sit in your seat in the physics classroom, you are gravitationally attracted to your lab partner, to the desk you are working at, and even to your physics book 

· Newton's revolutionary idea was that gravity is universal - ALL objects attract in proportion to the product of their masses

· gravity is universal

· most gravitational forces are so minimal to be noticed. Gravitational forces are only recognizable as the masses of objects become large.

Weight

· The weight of an object is the force of gravity on the object and may be defined as the mass times the acceleration of gravity, w = mg

where weight = F(grav) = mass x acceleration of gravity

· since the weight is a force, its SI unit is the newton (N)

· at the Earth's surface g=9.8 m/s2 

at the Moon's surface g = 1.63 m/s²

· look familiar?  F=m x a

· EX 1:  What is the weight of a 100kg man on earth?

w = 100kg x 9.8 m/s² = 980N

· EX 2: What is the weight of a 100kg man on the moon?

w = 100kg x 1.63 m/s² = 163N

Activity

Complete “The Ultimate Roller Coaster” project

Homework

posted on website Week 5

