Physics Chapter 11
Energy

11.1  The Many Forms of Energy


A Model of the Work-Energy Theorem



-keeping track of energy is similar to keeping track of money



-energy can be stored, and when energy is spent, it affects the motion of a system

Kinetic Energy  (KE)


Doing Work to Change Kinetic Energy



Kinetic Energy KE = 
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-mass in kilograms, velocity in meters/second




-proportional to the mass of the object




-proportional to the square of the object's velocity




-measured in Joules


From Newton's Second Law   F = m a


From the definition of work



W = F d = M a d
d = 
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Work Energy Theorem



-net work done on an object is equal to its change in kinetic energy



-if work is positive, the kinetic energy is increasing



-if work is negative, the kinetic energy is decreasing

Practice Problems:

1.  A skater with a mass of 52.0 kg moving at 2.50 m/s glides to a stop over a distance of 24.0 meters.  How much work did the friction of the ice do to bring the skater to a stop?  

How much work would the skater have to do to speed up to 2.50 m/s again?

2.  A 875 kg compact car accelerates from 22.0 m/s to 44.0 m/s while passing another car.  What are the car's minimum and maximum kinetic energies, and how much work is done on the car to cause this increase in speed?

3.  A rifle can shoot a 4.20 g bullet at a speed of 965 m/s.

(a)  Find the KE of the bullet.

(b) What work is done on the bullet if the bullet starts from rest?

(c)  If the work is done over a distance of 0.750 meters, what is the average force being exerted on the bullet?

(d)  If the bullet comes to rest by pushing 1.50 cm into solid metal, what is the magnitude and direction of the average force it exerts?

4.  A comet with a mass of 7.85 x 1011 kg strikes Earth at a speed, relative to that of the Earth, of

25.0 km/s.  What is the kinetic energy of the comet?

5.  Suppose 2.2 x 106 J of work is needed to accelerate a 5700 kg trailer truck to 100 km/hr.

(a)  How fast would the trailer truck go if just 1/2 as much work were done on it?

(b)  What if twice as much work is one?

Stored Energy


-energy an object has because of its original position, work that has been done on the object



or chemical energy inside the molecules of the object

Gravitational Potential Energy


-has the symbol PE


-for a rising ball, the initial KE is changed to PE as the ball rises


-at the top the ball momentarily stops and the kinetic energy is zero


-as the ball falls it accelerates and achieves its final KE

-the KE at the bottom is equal to the PE at the top

General Energy Equation:  Total Energy = PE + KE = mgh + 
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Potential Energy Equation


-from general energy equation can derive potential energy equation


-PE = m g  h where mass is in kilograms, g = 9.80 m/s2, and h = height above reference level



-reference level - where h = 0



-valid only if value of g = 9.80 m/s2 and constant


-potential energy may be stored in spring, pole vault poles, trampolines, slingshots

Elastic Potential Energy


-energy stored in a stretched spring


-also present in rubber balls, rubber bands, slingshots, and trampolines

Mass


-Einstein recognized yet another form of potential energy - the mass of the object


-Eo = m c2
(called the rest energy)
Practice Problems

6.  A 90.0 kg rock climber first climbs 45.0 meters upward to the top edge of quarry; then, from the top descends 85.0 meters to the bottom.  Find the PE of the climber at the edge of the quarry and at the bottom, using the initial height as the reference level.

7.  A 40.0 kg ball is shot from a cannon at Earth's surface to a height of 400. meters.  

(a) What is the potential energy with respect to Earth's surface of the ball?

(b) What is the change in potential energy when the shell falls to a height of 200. meters?

8.  A person weighing 630. N climbs up a ladder to a height of 5.00 meters.

(a)  What work does the person do?

(b)  What is the increase in the potential energy of the person from the ground to this height?

(c)  Where does the energy come from to cause this increase in the potential energy of this person?

________________________________________________________________________________

________________________________________________________________________________

9.  A pendulum is constructed from a 7.26 kg bowling ball hanging on a 2.50 meter steel cable.  The ball is pulled back until the cable makes a 45.0o angle with the vertical.

(a) What is the potential energy of the ball?

(b)  What reference level do you think is appropriate for this problem?

_____________________________________________________________________________________

_____________________________________________________________________________________

(c)  What is the maximum velocity of the ball?

11.2  Conservation of Energy


-may not appear as being true, but energy is conserved in our universe

-the law of conservation of energy states that in a closed, isolated system, energy can neither



be created nor destroyed; rather energy is conserved


-total energy in the universe is constant

Conservation of Mechanical Energy


-the sum of the kinetic energy and gravitational potential energy of a system is a constant


-mechanical energy = potential energy + kinetic energy


   E  = KE + PE



-for a ball falling from some height to the ground, the potential energy is constantly




decreasing, the kinetic energy is constantly increasing, and the total energy 




stays the same.  If you know the initial amount of energy, the final amount of




energy is also known - the same value.  The total energy at any instant during




the motion of the ball is the same as the initial energy or the final energy



-now have another method of determining the velocity of an object as it falls to the ground



-this value will be the same as the one obtained using the velocity distance formulas found




in earlier chapters



-changing the path the object moves has no affect on the law of conservation of energy or




the use of the mechanical energy equation


-may use this law for roller coasters, skiing, and pendulums

Loss of Mechanical Energy

-a bouncing ball and a pendulum both eventually come to rest


-the reason is that work is done to overcome friction


-the frictional forces eventually decrease the PE and KE and the motion of the object stops


-however, there is no total loss of energy - the frictional energy may have turned into heat or 



possibly sound.  The next chapter deals with heat (thermal) energy

Sample Questions:

10.  A bike rider approaches a hill with a speed of 8.50 m/s.  The total mass of the bike and rider is 

85.0 kg.  (a) Find the KE of the bike and rider.

(b)  The rider coasts up a hill.  Assuming no friction, at what height with the bike and rider come to a stop.

(c)  Does your answer depend on the mass of the bike and rider.  Show why.  

11.  Tarzan, mass 85.0 kg, swings down from a tree limb on the end of a 20.0 meter vine.  His feet touch the ground 4.00 meters below the limb.  (a)  How fast is Tarzan moving when he reaches the ground?

_____
(b)  Does your answer depend on Tarzan's mass?  (yes or no)

_____
(c)  Does your answer depend on the length of the vine?

12.  A skier of mass 55.0 kg starts from rest at the top of a 45.0 meter hill, skis down a 30o incline into a valley and continues up a 40.0 meter hill.  The heights of both hills are measured from the valley floor.  Assume that you can neglect friction and the affect of the ski poles.  (a) How fast is the skier moving at the bottom of the valley?

(b) What is the skier's speed at the top of the next hill?

(c)  Do the angles of the hills affect your answers?  Why

13.  A 98.0 N sack of grain is hoisted to a storage room 50.0 meters above the ground floor of the grain elevator.  (a) How much work was required?

(b)  What is the potential energy of the sack of grain at this height?

(c)  The rope being used to lift the sack of grain breaks just as the sack reaches the storage room.  What is the velocity of the sack when it hits the ground?

14.  A 20.0 kg rock is on the edge of a 100.0 meter cliff.  (a)  What potential energy does the rock possess relative to the base of the cliff?
(b)  The rock falls from the cliff.  What is the KE just before it strikes the ground?

(c)  What velocity does the rock have as it strikes the ground?

15.  An archer puts a 0.300 kg arrow to the bowstring.  An average force of 201 N is exerted to draw the string back 1.30 meters.  (a) Assuming no friction loss, with what speed does the arrow leave the bow?

(b)  If the arrow is shot straight up, how high does it rise?

16.  Bill throws a 10.0 g ball straight down from a height of 2.00 meters.  The ball strikes the floor at a speed of 7.50 m/s.  What was the initial speed of the ball?

Analyzing Collisions


-need to determine the motion of the objects just before and just after a collision


-if the system is isolated, momentum and energy are conserved


-however, the potential and thermal energy may increase, decrease, or stay the same

Elastic Collision


-the type of collision in which the kinetic energy does not change


-occurs between hard, elastic objects such as those made of steel, glass or hard plastic


-only common illustration of truly elastic collisions is between gas particles in a sealed container

Inelastic Collision


-the kind of collision in which kinetic energy decreases


-the loss of kinetic energy is transferred to other forms of energy such as heat and sound

-in some cases a significant amount of energy is changed (40 to 75%)

Elastic and Inelastic Collisions


-can see the difference between momentum and energy


-momentum is almost always conserved in a collision but energy is only conserved in



elastic collisions


-the understanding of the forms of energy and how energy flows from one form to another



is one of the most useful concepts in science

Sample Problems:

17.  A 36.0 kg child slides down a playground slide that is 2.50 meters high.  At the bottom of the slide she is moving at 3.00 m/s,  How much energy was lost as she slid down the slide?

18.  A ball drops 20.0 meters.  When it has fallen half the distance, of 10.0 meters, half of its energy is potential and half is kinetic.  When the ball has fallen for half the amount of time it takes to fall, will more, less, or exactly half of its energy be potential energy?  Explain

__________________________________________________________________________________

__________________________________________________________________________________

19.  Two cars collide and come to a complete stop.  Where did all of their energy go?

___________________________________________________________________________________

____________________________________________________________________________________

20.  Medieval warriors used catapults to assault castles.  Some catapults worked by using a tightly wound rope to turn the catapult arm.  What forms of energy are involved in catapulting a rock to the castle wall?

___________________________________________________________________________________

___________________________________________________________________________________

21.  A compact car and a trailer truck are both traveling at the same velocity.  Did the car engine or the truck engine do more work in accelerating its vehicle, or was the work equal?  Explain

___________________________________________________________________________________

___________________________________________________________________________________

22.  Lorena's mass is 28.0 kg.  She climbs a 4.80 meter ladder of a slide and reaches a velocity of 3.2 m/s at the bottom of the slide.  How much work was done by friction on Lorena?

23.  A constant net force of 410. N is applied upward to a stone that weighs 32 N.  The upward force is applied through a distance of 2.00 meters, and the stone is then released.  To what height, from the point of release, will the stone rise?
24.  A 2.00 g bullet, moving at 538 m/s, strikes a 0.250 kg piece of wood initially at rest on a friction-less table.  The bullet sticks in the wood and the combined mass moves slowly down the table.

(a) Find the speed of the combination after the collision.

(b)  Find the kinetic energy of the bullet before the collision.


(c)  Find the kinetic energy of the combination after the collision.

(d)  How much kinetic energy did the bullet lose?

(e)  What percent of the bullet's original kinetic energy is lost? 

25. A 45.0 kg object is dropped from a height of 86.0 m.  Determine:

(a) the time to fall to the ground

(b)  the PE and KE at t/2 
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