CHAPTER 6

CONSERVATION OF ENERGY AND MOMENTUM

WORK, MACHINES, AND POWER

6.1 Definition of Work

*  work
*  Two factors must be considered in measuring work: the displacement of the object and the magnitude of the force in the direction of displacement.

*  W = Fd

*  units = Joules (J)

*  joule
*  A joule is a newton-meter.

*  W = Ff d

*  W =  FN d

*  F = FA cos
*  W = FA d cos
6.2 Work Done by Varying Forces
*  The area under the curved line represents the work done by a force that varies in magnitude.  The horizontal axis is the distance, d, in meters and the vertical axis is the force that acts in the direction of the motion, F, in newtons.  A good approximation is obtained by the use of suitable rectangles.  If the rectangles are made very narrow, the answer will be more accurate.

6.3 Work in Rotary Motion

*  The displacement of the rim of the wheel is designated by the arc d.  The angle  is expressed in radians.

*  W = F r 
*  W = T 
6.4 Machines

*  There are six types of simple machines.


1.  lever


2.  inclined plane


3.  wheel and axle


4.  wedge


5.  pulley


6.  screw

*  The six machines are actually variations of two basic types: the pulley and the wheel and axle are forms of the lever, and the wedge and screw are modified inclined planes.

*  Although a machine can be used to multiply force, it cannot multiply work.  The work output cannot exceed the work input.  In a frictionless machine, work output and work input would be exactly equal.

*  Efficiency = Woutput / Winput
*  The efficiency of all machines is less than 100% due to the force of friction.

*  Efficiency = FW h / FA d

6.5 Definition of Power

*  power
*  Power depends on three factors:

1.  displacement of the object

2.  force in the direction of the displacement

3.  time required

*  P = W / t 

*  P = F d / t = F v

*  Power is expressed in watts (W).

*  watt

*  Power is more commonly measured in units of 1000 watts, or kilowatts.

*  1 horsepower = 746 watts.

6.6 Power in Rotary Motion
*  P = T  / t

*  P = T 
ENERGY

6.7 Gravitational Potential Energy
*  Two kinds of energy: potential and kinetic.

*  EP = F d

*  EP = mgh

*  Gravitational potential energy is expressed in joules.

6.8 Kinetic Energy in Linear Motion
*  EK = ½ m v 2
*  unites = joules

6.9 Kinetic Energy in Rotary Motion

*  EK = ½ I  2
*  The wheel of a moving automobile has both linear and rotary motion.  The kinetic energy of such an object is the sum of the kinetic energy due to linear motion and the kinetic energy due to rotary motion.  

*  When energy is supplied to an object and simultaneously gives it both linear and rotary motion, the energy division depends on the rotational inertia of the object.

*  The rotational inertia of a solid disk is less than that of the ring, thus its rotational kinetic energy is less.  However, at the bottom of the incline the total kinetic energy of the ring will be the same as that of the disk since both ring and disk had the same gravitational potential energy at the top.

6.10 Elastic Potential Energy

*  When a spring is compressed, energy is stored in the spring.  The elastic potential energy in the spring is equal to the work done on the spring.

*  elastic potential energy

*  force constant

*  The force required to stretch a spring: F = k d

*  W = ½ F d

*  the potential energy of an object is equal to the work done on the object.  EP = ½ k d2
6.11 Conservation of Mechanical Energy

*  law of conservation of mechanical energy

*  Gravitational forces and elastic forces are called conservative forces because they conform to the law of conservation of mechanical energy.

*  Forces that produce deviations from the law of conservation of mechanical energy (like friction) are called nonconservative or dissipative forces.

MOMENTUM

6.12 The Nature of Momentum

*  momentum
*  p = m v

*  F t = m v

*  impulse
*  Impulse equals the change in momentum. ex. ball hitting a bat

6.13 The Conservation of Momentum
*  law of conservation of momentum

*  An important application of the law of conservation of momentum is the launching of a rocket.

6.14 Inelastic Collisions
*  inelastic collision
*  We assume that the system is isolated, that is, that there are no net external forces acting on it.

*  In an inelastic collision the combined objects will move in the direction of the object with the larger mass.

*  When objects of equal and opposite momenta collide inelastically, they come to rest.

*  Much or all of the kinetic energy that the moving objects have before the collision is converted into heat or some other form of energy.

6.15 Elastic Collisions
*  elastic collision
*  The only perfectly elastic collisions occur between atomic and subatomic particles.

6.16 Angular Momentum
*  T t = I f – I I
*  angular impulse

*  angular momentum
*  The dimensions of both angular impulse and angular momentum are kg m2/s.

*  The angular momentum of an object is unchanged unless a net external torque acts on it.

*  For a spinning ice skater: if she extends her arms, her rotational inertia increases.  Since angular momentum is conserved, her angular velocity must decrease.  (and vice versa)

