Chapter 10  Energy
What questions do you have on pages 10-1 to 10-3a?

You should take the point of view that “energy” provides a convenient method of solving problems.  Energy is not a substance that we will see in experiments or in a jar.

Mass Energy

What does the word “burning” imply to you?

Does the sun “burn” in the sense you have stated above?

The last paper Einstein wrote in 1905 developed the famous equation E=mc2 .

*True or False  In a nuclear reaction in the sun almost all of the mass of the reacting nuclei is converted into energy.

page 10-4  We will use the MKS set of units to calculate energy.  Joules will be used for the unit of energy.

Power  1 Watt represents the use of 1 Joule in one second.

How many Joules of energy are used each second by a 75 Watt light bulb?

Work parts b and c of Exercise 1.
page 10-5 Kinetic Energy  (KE)
When does an object have an associated rest energy?

KE is a measure of the energy value assigned to an object due to its motion.

KE = mc2 – m0c2  

Repeat the calculations of example 1 without approximating the square root.

What is the more accurate result for the KE?

How might an object come to possess KE?

page 10-6  Slowly Moving Particles

What questions do you have on the derivation of equation 7?

KE = (1/2) m V2 
Calculate the KE for a person walking at 2 m/s.

Calculate the KE for a person walking at 4 m/s.

Calculate the KE for a person walking at 6 m/s.

What trend do you see in the KE numbers?

*At ordinary speeds, which is larger, the rest mass energy of an object or its KE?

page 10-8  Gravitational Potential Energy  

Potential Energy  (PE) is the energy assigned due to position or configuration.

Gravitational Potential Energy   mgh

What questions do you have on the derivation of this equation?

When is this equation a useful approximation for gravitational potential energy? 

Calculate the gravitational PE for a .3kg object 2 meters above a floor.

Let the object be released in free fall.  Calculate the KE of the .3kg object at the instant it makes contact with the floor.

page 10-10 What circumstances are described in which energy is not lost in processes?

*Write in your own words a statement of conservation of energy.

Suppose a 0.2kg object is hung from a string that is 80 cm long.  The object is moved to the side such that it is 5 cm further from the floor than it used to be.  After the object is released how fast will it be moving when the string is again vertical?

What ride at Worlds of Fun illustrates conservation of energy?

page 10-12  Work

When work is done to an object, the energy of the object can change.

Recall that an object has gravitational PE = mgh    

Can this be written as  PE = (mg) h  ?

Can this be thought of as a vertical force times a vertical distance?

If the object starts at the table top and ends up 1 meter above the table top, what is the direction of the force applied to the object compared to the displacement of the object?

Do you completely agree with the definition of work given on page 10-12?

*When is the equation  Work = force x distance  valid?              What is the metric unit for work?

When an object moves horizontally, does the gravitational force do any work on the object?

When is work assigned a negative value?

page 10-13  Dot Product

Work can be calculated using the dot product of the force and the displacement.

Work = F dot X               Work = F  X  cos (  

* Is work a vector or a scalar?         Can work change the KE or PE of an object?

Draw a frictionless ramp that is inclined at an angle of 49 degrees to the horizontal.  Let the length of the ramp be 1.2 meters.

a) Calculate the height of the ramp off the floor.

b) Calculate the work done in lifting 

a 0.7 kg object to this height.

c) Calculate the work done in pushing the 

0.7 kg object up the ramp from the floor to 

the top of the ramp.

d) Calculate the PE of the 0.7 kg object when it is at the height given in a).

What conclusions do you draw from these numbers?

page 10-14  Work and PE

Work, KE and PE all have the same unit, the Joule.

Work done to an object can increase the PE of the object (e.g. spring).

Non-Constant Forces

F = -kX   The force of the spring is variable as the stretch varies.

For the non-calculus students  … “it turns out that”  PE = (1/2) k X2 

Calculate the PE when k = 30 N/m and X = 5 cm.    Repeat for X = 10 cm.

page 10-18  Work Energy Theorem
The result of the calculus derivation is that the work done on an object equals the change in the kinetic energy of the object (when the change in the PE is zero).

A 2.3 kg object is traveling at 3 m/s to the north.  A constant 5 Newton force, towards the north, acts on the object for a distance of 3 meters.  Calculate the final velocity of the object.

page 10-19  Several Forces

When more than one force acts on the object, you can calculate the work done by each force and then add the work values.  Note that some work values may be negative.  What would cause a work value for a single force to be negative?

page 10-20  Conservation of Energy

The sum of the change in PE and the sum of the change in KE is zero.

OR    (PE + KE)before = (PE + KE) after
page 10-21 Conservative and Non-Conservative Forces

Push an object across a table and let it slide on its own until it stops.  Is energy conserved after you stop pushing on the object?

*Is energy conserved when friction is present?

Friction is a non-conservative force.  The force of friction does not have an associated PE.

Are the forces of gravity and springs conservative?

page 10-22  Gravitational Potential Energy on a Large Scale

For small vertical motions near the surface of the earth we can use  PE = mgh to calculate the change in gravitational potential energy as an object moves through a vertical distance, h.  Why can’t we use this formula when h is comparable to, or larger than, the radius of the earth?

The correct formula for gravitational potential energy at a certain location is  PE = - G M1 M2/r, where r is the distance between the centers of the two object.

Calculate the change in PE using mgh for the case of h = 50 meters, m = 3 kg.

Calculate the change in PE using the correct formula for gravitational PE.  Let r1 = RE.  Let r2 = RE + 50 meters.

The choice of location for PE=0 is not important in solving problems.  The change in PE is important.

What is the value of gravitational PE if  r “=” ( ?

Why does it make sense that the PE is a negative quantity as you consider a rock dropping towards the earth from space?

page 10-25 Gravitational Potential Energy in a Room

You should convince yourself that the derivation on page 10-25 is correct.

page 10-26  Satellite Motion and Total Energy

Total Energy = KE + PE

The Total Energy for an object in bound orbit is negative.

Recall the energy levels for the election in a hydrogen atom from your chemistry course. 

How can an electron be removed from the hydrogen atom (ionization) ?

page 10-28  Escape Velocity

To escape, an object has to have a total energy value > zero.

Calculate the velocity the earth would have to have to escape from the sun.

Divide the value you just calculated by 30,000 m/s (the approximate orbital speed of the earth).
Divide the escape velocity from the earth (11,200 m/s in the text) by the speed of a satellite in near earth orbit (about 7,900 m/s).  I will give 1 bonus point to the first person to turn in a sheet of paper that correctly explains the value of the two divisions.
page 10-29  Black Holes

Why is (1/2)m0V2 inaccurate for the KE of objects moving near the speed of light?

Do you agree that object moving near the speed of light have most of their energy in KE, not in the rest mass energy?

*Does a photon have rest mass?

Can the energy of a photon be used to calculate an effective mass for the photon?

page 10-30 When would a photon be bound to a black hole?  Describe its total energy.

The radius of the black hole given in the text is an approximation; the radius is actually a factor of 2 larger than the radius calculated in the text.
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