COMPILATION:  energy; working vs. work


COMPILATION:  Unit 7 -- energy; working vs. work

(Editor's note: Pay special attention to Gregg Swackhamer's post and the two excerpts from his article below. JJ)

Date:    Thu, 15 Jan 2004 

From:    Nicholas Park 

Subject: Work, Energy

     Today I used the lab called "making the grade" from the Hewitt Lab Manual - it is great for motivating the equations for both W and Eg. With a little prompting, one lab group took the analysis beyond what was asked in the lab manual, making a force vs. distance graph and deriving the equation Fd = constant. They then presented this result to the class, and I then led them to notice that, for each lab group, this constant was equal to the product of the two experimental constants, the weight of the car and the height. They then wrote this up. Next class, I will make the connection between this constant and the energy. I really like how it reinforces the dependence of Eg on height, independent of path, while at the same time motivating two of the energy equations in a very straightforward way.

     ------------------------------

Date:    Fri, 16 Jan 2004

From: Ron McDermott 

     The problem is that in the real world, moving horizontally does require force and, therefore, work is done.  It's probably better to acknowledge that fact right away.  If the guy was on a frictionless surface and sliding while holding the chair, then no work would be done.  As to the "it's hard, so it must be work" argument, work transfers energy from one object to another, so it isn't enough for it to be "hard to hold"; the student must demonstrate that the object gained in energy.

     ------------------------------

Date:    Fri, 16 Jan 2004 

From:    Richard McNamara

     The key is in that last line of Ron's response. If we place our focus on energy and its 'storage mechanisms', it easier to see that lifting the box increases its gravitational energy but moving it horizontally doesn't. For the kids who hang on to the 'yeah, but I still get tired moving horizontally' argument, ask them if there are energy transfers going on inside their body. Don't the muscles still need oxygen and fuel? How do they get delivered? Isn't the heart still pumping providing kinetic energy to the blood? Even if they are just standing there holding the box without moving.

     ------------------------------

Date:    Sun, 18 Jan 2004 

From:    Ed Eckel 

     Energy is a term fraught with difficulties.  I am careful to emphasize that work is done by FORCES, not people or things.  Forces are about interactions between things.  Therefore we must name the things in the system.  Like doing free body diagrams, if we don't choose to name or consider an interaction (air resistance and buoyancy are frequently ignored), we create a boundary that artificially limits the exchanges of energy "available" in the system.  For instance, if I consider the box being carried horizontally with no net acceleration, and I ask how much work is being done on the box, then the answer is zero Joules. If I ask how much work is being done on the box-carrier-floor system, I get a different answer.  In fact, I get a very complicated cycle of exchange with a certain amount of energy "exhausted" as thermal energy changes in the muscle tissue and the friction with the floor (not to mention the tiny rotational change to the earth, and so forth).

     Consider another example used by one respondent in this conversation: pushing a box across a floor against friction at constant velocity. No net work is done on the box.  This is the same as my example above of carrying a box at constant velocity.  Yet, a quick analysis of the forces on the box reveals significant work done by friction on the box, equal and opposite to the work the pusher did on the box.  I wonder how and why a student should see the two situations as more than arbitrarily different.  We offer each as archetypal examples of the definition of work yet, from the novice student perspective, it may seem we have been quite arbitrary in defining the system to suit the purpose of the example!

     At any rate, my question on the topic: how ought we motivate the need to consider "work" and "change of energy"?  I agree, after many years of study, that energy is an important and very useful abstraction. But until I understood the various "free" energies from statistical mechanics and entropy (please, not the naive definition of entropy as chaos!) and the notion of summing up Avogadro’s number of individual energies to describe a system, the calculation of energy (potential or kinetic) seemed like a different way to ask the same problem: what is the mass going to do next?  Is our best argument for the novice that energy is calculationally more efficient than Newton's Laws and kinematics provided we adhere to a handful of mathematical procedures?

     ------------------------------

Date:    Mon, 19 Jan 2004 

From:    John Barrere 

     Artificially limits?? How so? It seems to me all that's happened is we've defined the system to be analyzed. Also, if pushing a box across the floor at constant speed (with friction) results in no "work" done on the box, why pray tell does its temperature rise? If one treats the floor/box system (define it this way since it's very difficult to partition the energy input between the box and floor), there clearly is an input of what we call "energy" to the system and this energy comes from the pusher through the action of a force applied over a distance. Just because this energy input doesn't result in a change of the CM velocity (thus no "work" according to the W/KE theorem) doesn't make it any less real. The energy of the pusher decreases and the energy of the box/floor system and the surroundings increases. It's also useful in these exercises to point out to students that what we call "energy" is an entirely arbitrary (b/c of its dependence on the reference frame) construct that is very useful for analyzing and predicting the behavior of systems.

     In my experience, adopting the approach that workING, heatING, and radiatING are simply different processes by which the "stuff" we call energy can be moved around leads to MUCH more conceptual clarity for our students. Students then realize that "work", "heat", and "radiation" are simply names that are applied to some kinds (but not all) of energy exchanges between systems. This approach also avoids the verbal quagmire (again, IMHO) of "conservative" and "non-conservative" forces which requires students to realize that "conserve" means one thing when applied to energy or momentum but quite another when used with force.  

     ------------------------------

Date:    Mon, 19 Jan 2004 

From:    Jane Jackson <jane.jackson@ASU.EDU>

     John Barrere's statements today, on working and heating, etc., remind me to urge all teachers to download Gregg Swackhamer's article, MAKING WORK WORK, on our high school web page. <http://modeling.asu.edu/modeling-HS.html>

     Below is an excerpt. (I couldn't find the symbols for delta and for theta on my keyboard, so I wrote them out.)

MAKING WORK WORK by Gregg Swackhamer

Glenbrook North High School

2300 Shermer Road

Northbrook, IL 60062

Prepared for the Physics Modeling Workshops, Summer 1998

Revised 10 April, 2003

ABSTRACT:

     Some difficulties that students have in dealing with work and energy can be addressed through energy flow diagrams and energy bar graphs which allow students to represent features of systems and processes that W = F delta(x) cos(theta) cannot.  These representations are applied to various physical situations.

INTRODUCTION:

     In many introductory physics texts the concept of work is separated from the concept of energy and from the concept of system in such a way that certain difficulties arise.  Work is a carefully defined and subtle concept that is dependent on and derived from the energy concept and the system concept. The purposes of this paper are to identify certain difficulties that arise from common treatments of work and then to present some representational tools that can help to prevent these difficulties.

DIFFICULTIES WITH COMMON APPROACHES TO ENERGY:

     Often work is defined as W = F delta(x) cos(theta), where F cos(theta) is the component of the constant force F acting on some object in the direction of the one dimensional displacement of the point of application of the force, x.  Three problems for students can arise when this definition of work is not closely linked to the concept of energy.  They are: 1) the belief that forces do work, 2) the belief that every force acting to some extent along the direction of an object's motion must do work on the object, and 3) the belief that the work done by an agent exerting frictional forces can be calculated by equation (1).  Sadly, the understanding that work is an amount of energy that flows into or out of a system can be lost on students who know work only as W = F delta(x) cos(theta).

     The claim that forces themselves do work arises from the separation of the concept of work from the first law of thermodynamics, delta(E) = Q-W, in which delta(E) is the change in energy of a system, Q is the energy gained by the system through heating, and W is the energy lost from the system through working.  A good understanding of delta(E) = Q-W informs us that work has meaning only with respect to explicitly defined systems.  This is not clear from W = F delta(x) cos(theta)  alone.  Only systems that can contain and exchange energy can perform work.  Forces are not systems and cannot contain or exchange energy, and, therefore, should not be said to perform work.

     Another problem with thinking of work only as W = F delta(x) cos(theta) is that it does not explicitly represent an exchange of energy from one system to another.  Therefore, questions like "How much work is done when a 50 kg person climbs a 100 m hill?" are not specific enough to answer.  Are we talking about work done by the gravitational field or by the person? The work done by the person is always greater than the energy gained by the gravitational field, so it makes a difference.  We need to enable our students to build a better understanding of physical situations than that fostered by such questions. Because the quality of our understanding depends on the quality of our representational tools, it will be of benefit to students to have ways to represent systems and the flow of energy between and within systems.  Two useful ways to represent energy exchanges have already been developed and will be described below.  They are energy bar graphs and energy flow diagrams.  After the students are acquainted with energy exchanges through the use of such representations, the concepts of working and heating can then be understood as particular kinds of already familiar exchanges. ...

     ------------------------------

Date:    Tue, 20 Jan 2004 

From:    Paul Gregg Swackhamer <pswackhamer@GLENBROOK.K12.IL.US>

     Work as it is developed traditionally in textbooks (at least in the large majority of the 15 or so I have surveyed) is nearly severed from the energy concept. Several modelers have pointed out that you will learn more about what is actually happening in a process if you follow the energy and forget...for a while...about the work concept.

     Work in mechanics is not brought into concert with work in thermodynamics. One of the problems that crops up because of this is illustrated in Ed Eckel's discussion, which is completely in accord with the usual textbook treatment of work. 

     Ed wrote: <<Consider another example used by one respondent in this conversation: pushing a box across a floor against friction at constant velocity. No net work is done on the box.  This is the same as my example above of carrying a box at constant velocity.  Yet, a quick analysis of the forces on the box reveals significant work done by friction on the box, equal and opposite to the work the pusher did on the box.  I wonder how and why a student should see the two situations as more than arbitrarily different.  We offer each as archetypal examples of the definition of work yet, from the novice student perspective, it may seem we have been quite arbitrary in defining the system to suit the purpose of the example!>>

    If we follow the energy, we see that both the box and the floor warm up (this is work and not heat!!! (I really am worn out by these two words, work and heat. So much effort for so little insight.) Anyway, all the energy put into the box by the pusher ends up in the floor and in the box. That is simple to understand. What is not simple is how the work concept applies here. The problem is not with the physics; we all get it. The problem is with the work concept. We first have to define a system (if you do not, then you cannot talk about work, which is defined in terms of a system). If the system is the box, at first more energy enters the box than leaves (the box gets warmer). Therefore, the work on the box is positive, not zero as books would lead us to believe.

     After pushing for a while, the box no longer gets warmer, because it loses energy to the environment because of its elevated temperature at the same rate that it receives it from the pusher. The work is still positive, but the heat now is negative. (Don't you hate these terms, too?!! Arrgghh)  So the work is positive, but the box doesn't speed up OR get any warmer now. The work is positive, but its energy content is constant. Let's see. The work done on the floor is positive, too, because it gets warmer.

     Who does the work here? It is not friction, because friction does not get tired. It is the pusher who does the work. (Similarly, it turns out that my VISA card does not spend money, I do, because I'm the one who goes broke!!! The force is like the VISA card; it is a means of exchanging something, but it is not the one to whom the exchange is credited to. The system that loses energy does the work. So let's not say that forces do work. (Oh, I know this is getting technical and picky, but it wouldn't be so bad if we brought work in mechanics into harmony with work in thermodynamics.)

     The upshot?? You cannot use F(delta x) cos theta for friction because you do not know F at the points of contact, nor do you know delta x of those points of contact, let alone the thetas. Textbooks slip in the NET friction force and the distance x that the center of mass moves, but that is not fair. That is not how F(delta x) cos theta is supposed to be done. That is why the textbooks botch work done in situations involving friction forces most of the time. A little sleight of hand that results in an unfortunate sleight of mind.

     Also, I would strongly recommend that we do not attribute gravitational potential energy to an elevated object as if the GPE belonged to the object itself. Why?  Because it is NOT a property of the object itself. Claiming that it does leads to innumerable contradictions. (I argue in the draft of Cognitive Resources for Understanding Energy (on the modeling website) that PE is ultimately stored in one field or another...in the case of an elevated object in the gravitational field. So I always say that GPE is ASSOCIATED with an elevated object, but that it is stored in the field similar to how a girl standing on a trampoline has some elastic PE associated with her but that is not IN her. That way, when an object falls, its energy increases (as it should). The field energy decreases (and the field is slightly altered as a result.) That way we avoid the error of saying that the energy of the falling object stays the same as its GPE is <transformed> to KE, whatever <transformed> could possibly mean. A falling object's energy increases. Energy is transferred from field to object, but it is still energy. It has not been transformed at all. There is only one kind of energy, and it is energy. It may be stored in different systems (from which different names arise), but it is always just energy.
     Finally, when we talk about work done involving biological systems, we are asking for trouble if we do not specify carefully what systems we are talking about. I would leave biological systems out of the analysis in general. For example, I get tired pushing on a wall, but the textbook I use says I am doing no work. Balderdash, I say. OK, I know that really I am doing heat. (OUCH) But it still costs me energy, and I FEEL that, and I do not think I gain anything in physics by ignoring my pain. I suppose the book could redeem itself by saying that the WALL does not gain any energy through my pushing, and I could understand that, but it doesn't say that. It just says that I do no work. (Alas! Still the wall becomes warmer where I touch it! Does that count for anything?)

     Follow the energy. You can understand everything in mechanics that you want without using the words Work and Heat. Just say "Energy is transferred from X to Y" and then do your calculations. You can even talk about the area under a graph of Fx versus x as <<energy transferred.>> You can do all the bar graph stuff, too. Just identify the players in the energy exchanges and make a bar for each player. Bring in the words Work and Heat when that becomes the battle you want to fight and when you are willing to develop the idea of systems.

     ------------------------------

Date:    Tue, 20 Jan 2004 

From:    Joseph Vanderway

     Thanks Gregg!!   I knew we could count on you to do the work necessary to cool off this heated working debate.  I know we just waste too much energy on these things but these impulses are difficult to ignore - it is as if we are being forced into arguing.  Even worse, it makes us lose the momentum we build up in our courses...

     ------------------------------

Date:    Thu, 29 Jan 2004 

From:    Jane Jackson <jane.jackson@ASU.EDU>

     Here's a second excerpt from Gregg Swackhamer's crucial article, MAKING WORK WORK. Download it at <http://modeling.asu.edu/modeling-HS.html>

Describing and representing energy in systems:

     A careful treatment of energy will keep track of the amounts of energy stored in various entities and will also explicitly identify the energy source and the energy recipient involved in every pertinent energy exchange.  Keeping track of the amounts of energy in various entities can be done quite nicely using the energy bar graphs advocated by Alan Van Heuvelen.   Keeping track of the sources and recipients of energy can be done with energy flow diagrams as prescribed by the faculty of the Abteilung fur Didaktik der Physik at the University of Karlsruhe, Germany. Although the Karlsruhe group has developed a thoroughly integrated physics curriculum using energy as the fundamental and unifying concept, we will pursue only a small portion of their agenda.

     In many introductory courses, energy can be characterized as internal (thermal) energy, kinetic energy, gravitational energy, electrical energy, or elastic energy.  In the face of these commonly used names, it is important for students to understand that energy does not come in different forms.  The distinctive names arise because of the different locations in which energy is stored, not because there are different forms of energy. Energy is just energy.  It will also be noticed that the term "potential energy" is not used in this paper in connection with any way of storing energy.  This is done because it is sometimes said that there is kinetic energy and then there is energy that is stored, namely "potential" energy. Actually all energy is "stored" in some physical entity, not just the so-called "potential" energies.  For example, kinetic energy is "stored" in moving particles and in flywheels, etc., and is available for transfer. Therefore, the characterization of some kinds of energy as potential (meaning "stored") and kinetic (not stored?) is artificial and possibly misleading.
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