COMPILATION: Unit 7: dissipated, internal, and chemical energy

COMPILATION: Unit 7: dissipated, internal, and chemical energy

Date:    Thu, 24 Nov 2005 

From: Mollie Small 

Subject: energy questions

I am teaching energy (Unit 7) for the first time and have been reviewing the modeling material online about it and have a few questions regarding how to define thermal energy storage. 

In Unit 0, there is a delta-Ediss, and in Unit 7 there is a delta-E internal.  I am assuming these are both thermal storages.  I am trying to decide whether or not to use delta-Eint (thermal) or just stick with delta-Ediss and say that some of it is stored in one of the objects in the system and some in another object in the system  (like the baseball player that slides into base.  Some delta-Ediss could be stored in the player and some in the ground).

I am concerned about the shift to a larger system.  In FBD the students just had an object of interest to worry about (I emphasized how force pairs never go on the same FBD and they are very strict with that), and in Energy Pie charts they have to account for more than just delta-Eint.  Is it better to use just delta-Ediss, or am I misunderstanding or misleading them in some way?  Would this approach blur the work (external force) concept?  Would there be anything that the students would miss out on?

My last concern is about delta-Echem.  I seem to remember something from thermodynamics about diffusive equilibrium, but I don't want to go into these distinctions with my students, nor is it a particularly clear distinction for me!  From what I see in Unit 7, there aren't any examples involving Echem.  Should I just name it?  Is there a easy real-world example I can mention so that I can then dismiss it as something we won't discuss further?

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

Date:    Thu, 24 Nov 2005 

From: Mollie Small

Subject: PS on energy unit questions

     I was thinking of using a burning piece of paper for a simple Echem example.  Would the pie chart be a diminishing Echem and an increase of Ediss and Er?  (Is Er okay if I am trying to avoid using Eint for the total system?)

-- In Unit 0, I did see the jumping person, but there are so many different things going on with the storage and transfer of energy, I'm not really comfortable with that.  (Also, I don't think I would have time to get into a battery since we're not to electricity yet.)


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

Date:    Fri, 25 Nov 2005

From:    "R. McDermott" 

Mollie Small wrote: "In Unit 0, there is a delta-Ediss, and in Unit 7 there is a delta-E internal.  ... "

There was a rather long discussion on this topic a year or so ago.  I'm not sure if it made it into the archives.  Anyway, I share your concern about widening the frame of interest.  To the best of my recollection, the changes grew out of concerns about a box sliding across a surface in the

presence of friction.  Current thinking is that we are gradually decreasing KE with a corresponding increase in Eint for the box and surface.  We used to treat this as Ediss with ALL the energy being transferred to the surface/surroundings.  IMO, If the box is the object of interest (as it would normally be), then it should be mentioned that SOME of the energy is initially retained as Eint, but over time, virtually ALL that energy is lost to the surroundings and NOT retained in the box.  I still lean toward the Ediss notation with the "temporary Eint" caveat.

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

Date:    Fri, 25 Nov 2005 

From:    Brenda Royce 

I would make a small distinction between Ediss and Eint: dissipated energy is more 'generic', since energy can be 'dissipated' as light or sound, as well as thermally, while Eint would be energy transferred to the motion of molecules.  I found this helpful when we addressed electrical systems later.

Mollie Small wrote: "I am concerned about the shift to a larger system.  In FBD the students just had an object of interest to worry about ...Would this approach blur the work (external force) concept?  Would there be anything that the students would miss out on?"

I did not have difficulty with this distinction.  By defining the system as the objects needed to answer the question easily, most students were comfortable with a more fluid definition.  They recognized that FBDs were for force analysis, and for energy we would select the object(s) needed to answer the question.  At times, groups approached the system a little differently, so students saw more than one approach.  In some ways, this is beneficial because it takes the emphasis off the 'right' way and puts it on the process of analysis.

Mollie Small wrote: 

> My last concern is about delta-Echem.  I seem to remember something 

> from thermodynamics about diffusive equilibrium, but I don't want to go into 

> these distinctions with my students, nor is it a particularly clear distinction for me!  

You are not alone.  Energy storage and transfer is one of the centerpieces of the work on chemistry modeling (piloted this last summer) because of the piecemeal way energy is typically addressed in chemistry.  Echem, as used in chem modeling, is energy stored in the bonding attractions 

between atoms.  Echem increases when bonds are broken and decreases as bonds are formed.  The net delta-Echem determines whether energy is released or stored in the overall reaction process (exo- or endothermic).  Generally, 'fuels' such as gasoline, paper, food, etc. have a net release of energy from this account during reactions, and so can be considered to 'store' Echem for the purpose of analyzing a system during energy changes.  Fuels are the only ways Echem ever came up in the Unit 7 materials to my memory (I am now only teaching chemistry).  I discussed this in a general way with my physics students, but we did not go into depth since we teach a physics-first sequence, and they would see this again in chemistry the next year.  

The focus of the physics energy unit is mostly on mechanical energy transfers.  Yet, opening the discussion to other energy accounts makes the situations more realistic and, I think, gives students a bigger framework for energy even if they do not address the fine points of the non-mechanical 

storage accounts at this time.  They will already 'know' that batteries store energy; I just touched on that idea and let them know we would discuss electrical energy in more depth later (and the chemical nature of a battery in chemistry the next year).  And if they already have taken non-modeling chemistry, maybe they will see a coherent picture for how Echem fits in for the first time!  If you are interested in how this is addressed in chemistry, the chem modeling materials are posted under participant materials on the modeling website.


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

Date:    Sat, 26 Nov 2005 

From:    John Barrere 

     Brenda wrote:  "...In some ways, this is beneficial because it takes the emphasis off the 'right' way and puts it on the process of analysis. ...   Generally, 'fuels' such as gasoline, paper, food, etc. have a net release of energy from this account during reactions, and so can be considered to  'store' Echem for the purpose of analyzing a system during energy changes.   Fuels are the only ways Echem ever came up in the Unit 7 materials to my memory ..."

Brenda wrote: "... The focus of the physics energy unit is mostly on mechanical energy transfers.  Yet, opening the discussion to other energy accounts makes the situations more realistic and, I think, gives students a bigger framework for energy even if they do not address the fine points of the non-mechanical storage accounts at this time. "

Huzzahs!!     I have used the following question on my energy test for some years. It fits nicely with Brenda's comments.

A plane is flying at steady speed at constant altitude. Then it runs out of fuel and safely glides

to the ground where it makes a perfect landing and rolls to a stop. Draw pie charts to illustrate this

process; two pies while the plane still has fuel, two while it's descending, and one after it's stopped. 

Define your system so that no energy enters or leaves. Many, many "correct" answers but the system must include the plane & its contents, the air, Earth, and the ground. (Clarification: Five different -- same size -- pies to show changes over the time interval; system is plane and its contents, air, Earth's gravitational field, ground  --  so no energy enters or leaves.)

I define Ediss simply as unrecoverable/unusable energy that is nonetheless still present. (Kind of like pouring some water from your glass to a friend's, spilling some on the ground. The spilt water is still present, but unavailable to your friend to quench his thirst.) Initially could be thermal, acoustic, light, etc. Eventually it all winds up as thermal energy (really just small-scale Ek) somewhere. 

I think (propose?) it would it make sense to use Ediss only for energy which is unrecoverable/unavailable (even though often initially "internal") and to use Eint more narrowly only for energy that IS "available" (i.e., through burning). Thus, one would drop the Echem in

favor of Eint. Eint would also include energy that could be liberated via nuclear processes.

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

A RELATED PROBLEM: 1st worksheet in Unit 7 -- rabbit

Date:    Sat, 26 Nov 2005

From:    Gheri Fouts 

Subject: energy in rabbit

     The discussion on energy this year is very interesting.  Pertaining to this discussion on friction 

and internal energy, how do you represent what happens to the rabbit that has a wound up spring and is set loose to travel on a table top?  The question asks to draw the pie chart for the system at several places along the way.  I believe it is the first worksheet in the energy unit.


-----------------   

Date:    Tue, 17 Jan 2006 

From:    Hugh Ross 

I included the rabbit and the environment in my system.  My first pie included the kinetic energy stored in the motion of the rabbit and the elastic energy stored in the spring mechanism within the rabbit.  My second showed a decrease in both kinetic and elastic energy along with an addition of internal energy stored as heat within the rabbit & the environment (heat, sound, etc.). 

My final pie was entirely internal energy.  Those wind up toys are extremely inefficient!


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

Date:    Thu, 19 Jan 2006 

From:    Don Yost 

 Many years ago, I bought a wind-up bird in a box of physics toys from Cenco.  If any of you have one, they are great for energy exchanges.  Pull the cord, place the bird (has rubber stickers for feet) on a window, and it climbs the window.  At the end of its trip, it will pause for 3 seconds, then fall.  (I used to time it for 3 seconds, then shoot it with a cap gun).  Lots of energy conversions.                          
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