

Date: Nov 2003

Course: SPH 3U1

Unit: Mechanics

Lesson 16: Title: Energy

Bellwork:

Preliminaries: students must read the paper on teaching energy first (see webpage links)

Discuss the Honda video in terms of energy

Lesson:

Why are we interested in energy? Why do we eat food? Why do we put gasoline on our cars?

* Energy*

Motion and forces do not tell the whole story: an object can have a force on it for thousands of years without doing anything (eg. a big rock pushing down on a small rock). An object can be in motion for ever without spending energy (eg. something moving through space in a straight line).

We only talk about energy because we have to -- we need it to explain the world around us.

INTRO: Have a student carry a stack of books across the front of the room. Ask “Is he doing work?” “No, he’s not!” Add more books – “Is he doing wirk now?” No. Why not? ....

WORK

First we need to talk about a concept called WORK.  When you use a force to move an object this is called work. When a force F, moves an object over a distance d, work is done on the object (work is always done on some object).  
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Units: Joules (J). 1 J = 1 N* 1 m

· The object must move (i.e. (d ( 0). A force can be exerted on an object with no change in the world around us. e.g. pushing on a wall is not work, neither is holding up a 100 lb weight (work is done lifting it, but once it is up, you may as well hook it on something to keep it up).

· F and d must be in the same direction. e.g. carrying something is not work (the force is upwards, but displacement is horizontal) -- although there must be a small force in the horizontal direction.  This is because an object can keep moving for ever with no force needed -- e.g. on a frictionless plane.

Work either changes the velocity of an object (i.e. accelerates it; since F=ma) or moves something in opposition to another force ( e.g. a plane flying at a constant speed.

Q. How much work is done in slowing a 1000 kg car from 20 m/s to 4 m/s in 2 seconds?

ENERGY

Work is almost a synonym for energy  - - - W = (E : the final energy of the object, minus its initial energy.

Definition: Energy is the ability to do work (create forces, which then move objects). 
[is this a good definition?]

There are two main categories of energy:

I. Energy stored somewhere (called potential energy). ¶ in the list below.

II. Energy being carried or transferred from one place to another. ¥ in the list below.
With energy transfers, we are more interested in the rate that the energy is being transferred (i.e. power) than the actual amount of energy itself.

The separation between these two categories is not always clear, but it still is helpful in order to understand energy better.

Q. What types of energy can you think of:

light energy 
¥
E = hf
 
(transferred with photons)
thermal energy:
¥¶
(E = Q = mc(t
 
(transferred due to heat difference)
 
(stored in a warm object)
nuclear energy 
¶
E = mc2   (rest mass energy as opposed to nuc. pot E).
 
(stored in mass / nucleus)
gravitational energy 
¶
E = mg(h

E = (Gm1m2/r
 
(stored in gravitational field)
motion/kinetic energy
¥
E = ½ mv2
 
(transferred with moving object)
rotational energy 
¥¶
E = ((
 
(transferred / stored in rotating object)
chemical energy 
¶
(E = E products – E reactants
 
(stored in chemical bonds)
electrostatic energy
¶
E = –kq1q2/r
 
(stored in electric field)
electrical energy 
¥
E = VIt  
 
(transferred with electrons)
magnetic energy 
¥ 
?

elastic energy 
¶
E = ½ kx2
 
(stored in bonds?)
sound energy / wave energy ¥
E ( A2
 
(transferred in waves in air or …)
energy of deformation

Potential Energy is energy that is stored and can be used to do work later.

Nuclear potential energy The average total potential energy of all the protons and neutrons in a nucleus due to the nuclear forces between them, excluding the electrostatic potential energy.

Kinetic energy: normally we think of it as moving matter carrying energy – eg. wind delivers energy to a wind turbine; however one can also think of a train – put energy into it to get it moving; this KE must come out of it in order for it to stop.

There are two main types of energy that we will examine when we consider mechanics: gravitational potential energy and kinetic energy.

· Energy is a property of an object, just like mass; but it can be changed.

· Energy is some sort of quantity that is conserved – but it is not mass.

· It is an abstract idea; it does not immediately help us understand why things happen nor how. It is a general principle. Energy is not the mechanism that makes things move, forces do. 

· While energy is a numerical quantity, it is not something that you can feel or measure directly.

· It sometimes helps we talk about it as if it were some sort of fluid substance (especially with heat). – this is ok, not a serious barrier to learning.

· Energy tends to “spread out” from “concentrated” stores to more “dispersed” ones. This is entropy.

· Energy is so hard to pin down that sometimes using energy terminology really doesn’t improve anything. For example:
(1) Chemical energy in the battery is transformed into electrical energy which is carried by the wires to the motor.  The motor then transforms this into kinetic energy as the buggy moves.
(2) The battery supplies an electric current which makes the motor turn.  This then makes the buggy move.

Gravitational Potential Energy

This is the energy something has because of its height above ground.  If you lift up a rock you are doing work on it. Then when you let it go, the gravitational energy that it has will do work on the clam shell that you are trying to smash.  (demo ( weight smashing chalk)
(Ask for) examples of machines that use gravity to do work
- hydroelectric dam, pile driver, grandfather clock, trebuchet, sledge hammer

Eg = F* d
What is the force that you push against when you lift something?  Fg
SYMBOL 92 \f "Symbol" Eg = mg(h, where (h is the height lifted.

eg. -- how much energy does it take to lift a 60 kg person up 10 m?

*** Where is the energy stored? when I lift up a bowling ball onto my desk? How is it able to do work? If I lower it, where does the energy go?

Kinetic Energy

When something is moving, it has a certain amount of energy.  The amount of energy depends on the mass and speed of the object. The formula for kinetic energy is Ek = ½ mv2
(demo rolling weight smashing chalk)
(Ask for) Examples of machines that use kinetic energy to do work:
generator (KE ( electricity) bullet (e.g. shooting out a lock so you can escape) , rollercoaster (GPE (KE), hammer, crash test dummies

Example: how much KE does a 5 kg bowling ball that is going at 4 m/s have? 

Homework:

GPE: p 133 #1, 3, 4, 6

KE: p 135 # 8 - 12

NOTES: 

· we will be doing conservation of energy later. 

· I have not done much with WORK. pages 126-130 go into more detail.

· I don’t bother deriving the equation for kinetic energy.

Energy conversions: p 132 #7

References:

“Helpful language for energy talk”
http://www.practicalphysics.org/go/Guidance_59.html?topic_id=39&guidance_id=1

“Teaching about energy”
   http://www.york.ac.uk/depts/educ/research/ResearchPaperSeries/Paper11Teachingaboutenergy.pdf
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