 Ch. 6

Work and Energy

“Work” has a variety of meanings in every day language.  Its scientific meaning is VERY specific.

Work done by a constant force

· Work is energy transferred by a force acting through a distance.  Work is the scalar product of the force acting on an object and the displacement through which it acts. Work is calculated by multiplying the displacement times the component of force parallel to the displacement (dot product).  Since work is a scalar quantity it has no direction associated with it.  The units for work are N  m = J (joule).  One joule is about the amount of work you do in lifting your calculator to a height of one meter.
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·  is the angle between the applied force and the objects displacement.

· When F is parallel to the displacement,  = 0, and cos = 1, andW = Fd.
· Since W = Fd, an object at rest has zero displacement, therefore W = 0.
· When F is perpendicular to motion, W = 0 ( = 90 cos 90 = 0, therefore W = 0).  Centripetal forces do no work since v is to F.

· The sign of work is important.  Work can either be positive or negative, depending on whether the component of force is in the same direction (+) or opposite direction (-) of the displacement.  Kinetic friction does negative work.  It is negative because the force is OPPOSITE to the direction of motion.

Example 1
A weight lifter bench pressing a barbell whose weight is 500 N raises the barbell a distance of .60 m above his chest.  Determine the work done on the barbell by the weight lifter during (a) the lifting phase and (b) the lowering phase.  Determine the work if the weight lifter carries the barbell 5.0 m across the room at a constant speed and constant height.

Work done by a varying force
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If the force is not constant, but varies with displacement, the work done can be found by the area under the curve of a force vs. displacement graph (Fx (Fcos ) vs. d).  Calculation of the area for the graph below would show that the work done by the force is 680 J.
Work-energy theorem and kinetic energy

· Energy is the ability to do work, and when work is done, there is always a transfer of energy. Energy can take on many forms, such as potential energy, kinetic energy, and heat energy. The unit for energy is the same as the unit for work, the joule.  
· The work-energy theorem states that the change in kinetic energy of an object is exactly equal to the work done on it, assuming there is no change in the object’s potential energy.  Kinetic energy is the energy an object has because it is moving. In order for a mass to gain kinetic energy, positive work must be done on the mass to push it up to a certain speed.  In order for a mass to lose kinetic energy, negative work must be done on the mass to slow it down. Kinetic energy depends on speed and mass.  From the equation below you can see that K is  to mass and K is  to v2 (double the mass—K doubles, double the velocity—K quadruples).
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The work done on a system can also be converted into heat energy, and usually some of the work is.
Example 2

What is the minimum amount of energy required to accelerate a 3.0 g bullet from rest to a speed of 40.0 m/s?
Potential energy 
· Potential energy is the energy a system has because of its position or configuration. When you stretch a rubber band, you store energy in the rubber band as elastic potential energy. When you lift a mass upward against gravity, you do positive work on the mass, gravity does negative work, and, as long as there is no change in speed, the net work is zero.  If you release the mass, gravity will do positive work on the mass as it falls.  Thus, the work you do on the mass gives it potential energy relative to the lower position. To lift it, you must apply a force equal to the weight mg of the mass through a displacement height h, and the work done in lifting the mass is

W = Fd = (mg)h 

       which must also equal its potential energy

       Ug = mgh
Ug ( gravitational potential energy
Throughout the year we will study three types of potential energy:  gravitational, elastic, and electric.  For this chapter we will only focus on gravitational PE.
· Gravitational potential energy is energy associated with an object due to the object’s position relative to a gravitational source and if found by
(Ug = mg(h
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The higher an object is, the more gravitational PE it has.   h is relative since what we are concerned with is actually (h (change in vertical displacement).  The amount of work required to lift a mass to a certain height against gravity only depends upon the weight of the object and  (h, not the path taken.  The diagrams below show a ball lifted to a height of 3.0 m along three different paths.  If the masses of the balls are equal, the change in gravitational potential energy for each will also be the same.  
Conservative and Non-conservative Forces

· A force is conservative when the work is does is independent of the path between the objects initial and final positions (gravity, electric, and elastic).  For example, work done against gravity does NOT depend on a path taken, it simply depends on h.  A potential energy can be defined for a conservative force, but not for a non-conservative force.

· NON-conservative forces (friction for example) do depend on the path taken.  W = Fd cos  and if d increases so does the work.  Non-conservative forces include friction, air resistance, tension, motor or rocket propulsion, push or pull by person and can either add (positive work) or remove (negative work) energy from the system.

Conservation of mechanical energy

· When we say something is conserved, we mean that it remains constant.  The first law of thermodynamics (law of conservation of energy) states that energy can neither be created nor destroyed, just change form.  When work is done on a system, the energy of that system changes from one form to another, but the total amount of energy remains the same.  If only conservative forces do work on an object, mechanical energy is also conserved.  Mechanical energy is defined as the sum of the kinetic and potential energies of an object.  If mechanical energy is conserved, speed of an object can easily be calculated since only the starting and ending positions are needed to find the change in potential energy (the path the object takes is irrelevant).  Energy conservation occurs even when acceleration is not constant.

· Conservation of mechanical energy and energy transformations

Look at the diagrams below and the energy transformations of the swinging pendulum bob.  
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As long as non-conservative forces are negligible, the total mechanical energy remains constant.  At the maximum height, all the ME is PE and the speed of the bob is zero.  At the bottom of the path, all the PE of the mass relative to the bottom of the swing is KE and the speed of the bob is a maximum.  At points in between, the ME is equal to the sum of the PE and KE which are each a fraction of there maximum values.  This relationship can be related by the following equation
KEi  + PEi  = KEf + PEf
Look at the diagram below right.  As the person falls the ME remains constant, the PE decreases and the KE increases.
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Example 3
[image: image5.png]
A roller coaster ride at an amusement park lifts a car of mass 700 kg to point A at a height of 90 m above the lowest point on the track, as shown above. The car starts from rest at point A, rolls with negligible friction down the incline and follows the track around a loop of radius 20 m. Point B, the highest point on the loop, is at a height of 50 m above the lowest point on the track. 

a. Indicate on the figure the point P at which the maximum speed of the car is attained.

b.  Calculate the value vmax. of this maximum speed.

c. Calculate the speed vB of the car at point B.

d. On the figure of the car below, draw and label vectors to represent the forces acting on the car when it is upside down at point B.
[image: image6.bmp]
e. Calculate the magnitude of all the forces identified in d.

f. Now suppose that friction is not negligible. How could the loop be modified to maintain the same speed at the top of the loop as found in (b)? Justify your answer.
Example 4 

 A block of mass m slides up the incline shown to the right with an initial speed vO in the position shown.  (a)If the incline is frictionless, determine the maximum height H to which the block will rise, in terms of the given quantities and appropriate constants.  (b)If the incline is rough with coefficient of sliding friction (, determine the maximum height to which the block will rise in terms of H and the given quantities.

Power 

· Work can be done slowly or quickly, but the time taken to perform the work doesn’t affect the amount of work which is done, since there is no element of time in the definition for work. However, if you do the work quickly, you are operating at a higher power level than if you do the work slowly. Power is defined as the rate at which work is done. Oftentimes we think of electricity when we think of power, but it can be applied to mechanical work and energy as easily as it is applied to electrical energy. The equation for power is
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and has units of joules/second or watts (W). A machine is producing one watt of power if it is doing one joule of work every second. A 75-watt light bulb uses 75 joules of energy each second.

Example 5 
 A student weighing 700 N climbs at constant speed to the top of an 8.0 m vertical rope in 10 s.   Calculate the average power expended by the student to overcome gravity.
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