CHAPTER IV.

                      EFFECTS  OF GRAVITY

Gravitational interaction of extended objects

· the formula for the gravitational interaction is valid for point-like objects

· what we do for extended objects ? (the 

    practically important cases)

· as a first approximation: apply the same formula for the center of masses!!!! ( the distance r used in 
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, is the distance between the center of masses.

Gravity near the Earth’s surface
-gravitational forces acting on a given object varies with the geographical location 

               -depends on height (for every 3 meter 

                 height decreases by one part in a million)

                ( g varies with elevation

               -for the same elevation g varies with 

                 underground deposits

               -due to the deformed sphere shape of the 

                Earth (ellipsoid) g varies with latitude

                (smallest near the  Equator and increases 

                 toward each pole)
Satellites and Planets

· Gravitation provides the centripetal force needed for the circular motion of the satellites and planets.

· Orbits in reality: ellipses  (circular orbits is a reasonable approximation)

· Main formulas governing satellite motion:

1. Centripetal force = Gravitational force
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        (m: the mass of the satellite, 

          M: mass of the Earth

          V: speed of the satellite on the orbit

           R: distance from the center of Earth)  

2. period of rotation (T)
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    (higher is the satellite’s orbit the longer it 

      takes to complete it.)

3. influences of the gravitational forces exerted by other objects or planets can be taken into account applying the same formula for gravitational interaction (computations by a computer)

4. movements of planets around the Sun obey the same rules.                                        

Tides

· ~ two high tides and two low tides each 24 hours (interval between successive high tides: 12 hours and 25 minutes)

· consequence of: 

    gravitational forces between water and Moon and

                           water and Earth 

    inertial forces from the rotation of the E-M system 

                            around their center of mass and 

                            rotation of the E around it’s axes.

   rotation of the Earth around it’s axes

   Inertial forces: -forces acting relative to 

                                      accelerating  systems

                                    -does not obey the 3rd Law of  Newton 

                                     (have no reaction force)

                                    -if 
[image: image7.wmf]a

r

 is the acceleration of the  system, the 

                                      inertial force acting on each body in the 

                                      system is  
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Bodies on a rotating system experience the:   

                           centrifugal force (an inertial force)
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How far Does Gravity Reach ?

infinite range ! 

· it accounts for the planets motion within the Solar system

· accounts for the structure and dynamics of the whole Universe: motion of stars, galaxies etc. 

· Newton’s law of gravitation valid for each case 

When mass and velocities are not too big…..

( the right description is by general relativity theory

 - is G constant in time and the same everywhere???                

The concept of gravitational fields
Gravitation( sort of an action-at-a-distance interaction

· there is no direct pushing or pulling mechanism

· one mass modify the space surrounding it, the other mass is influenced by this modified space

                          concept of: gravitational field

· calculating the gravitational force in two steps:

       I. determining the field from the first mass

       II. calculating the force that this fields exerts 

            on the second mass

· the field concept will be very valuable tool !

· gravitational field vector: characterizing the gravitational field in each point around an object( it is the force experienced by a 1 kg probe mass at the given point

· Home-work assignments: 100/35-38;  100/40-43;

100/46-47 ; 100/53 ; 100/55; 101/10-17; 101/22

Influence of Sun: Much smaller (although the gravitational attraction of Sun on Earth is 180 times bigger than of the Moon)





IMPORTANT:


The difference on the gravitational force on different parts of the Earth! 
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