              EXAM    II.                                  Tuesday,  October 10, 2000

1. For all the above physical quantities write up their nature (scalar or vector) 

        and their units in the International System.  (All quantities should be 

        considered in the real three-dimensional case.)

     Linear momentum, potential energy, work, rotational momentum, power, 

        gravitational force, internal energy, kinetic energy, elastic potential energy, 

        impulse.

                                                                                                 (10 points)

2. Which ones of the above statements are TRUE?

2a)   There are situations when an applied non-zero external force does no work.

2b)   The total mechanical energy of two colliding bodies is always conserved 

         during the collision process.

2c)   The value of the gravitational acceleration is increasing with elevation.

2d)   The direction of the rotational momentum vector is given by the left-hand 

         rule.

2e)   The linear momentum vector of a moving body is oriented in the direction 

        of its velocity vector.

                                                                                                   (10 points)

3. Explain why the figure skaters spin faster when they pull in their arms.

                                                                                                    (10 points)

4. Give an example from everyday life both for internal and external forces. Define precisely the system relative to which you think the discussed forces are internal or external ones.  

                                                                                             (10 points)

5. What is the kinetic energy of a running student, if we know that her weight is 500 N and the magnitude of her linear momentum is 300 kg m/s.  (g=10 m/s2   )

                                                                                                     (10 points)

6. The Hercule satellite which orbits the Earth has a circular orbit, with radius four 

         times bigger than the one of a geosynchronous satellite. What is the rotational 

        period of the Hercule satellite?  

                                                                                                    (10 points)

7. Assuming that we know the gravitational acceleration at the surface of the Earth (g=10 m/s2), the mass of the Earth (M=6x1024 kg) and the radius of the Earth (R=6370 km),  calculate the value of the G gravitational constant. 
                                                                                                     (10 points)

8. Neglecting the work done against friction and air resistance forces, calculate what average power does an alpinist, if she climbs an altitude difference of 500 m each hour. The mass of the alpinist is 60 kg, and the gravitational acceleration is 10 m/s2. (We assume that during the climb, her speed does not change.)                                                                                       

                                                                                                      (10 points)

9. A bullet (mass m=20 g) is travelling in horizontal direction with a speed of 100 m/s, when it hits a small toy-car (mass M=1 kg). The toy-car can move freely (without any air resistance and friction) in horizontal plane. Assuming that after collision the bullet remains inside the target (toy-car) calculate:

a.) The final speed of the bullet + toy-car system.

b.) The loss in the kinetic energy of the bullet + toy-car system.

                                                                                                      (20 points)

BONUS PROBLEM

10. A car drives off the highway, and falls down from a cliff situated at a height of 100m.

      What was the speed of the car at the top of the cliff, if we know that right before the 

      car hits the ground at the base of the cliff, its kinetic energy is: 1 000 000 J? The mass 

      of the car is 500 kg, and the gravitational acceleration is g=10 m/s2. We assume that 

      during the fall no air resistance and friction forces are present.

                                                                                                     (10 points)

Formulas:
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