Representing Energy Storage and Transfer

1. 
These representational tools are designed to show energy status for a defined system in terms of transfer and/or storage at various stages in a process.  These stages are generally before and after the event occurs,  but it is often helpful to address intermediate stages as well.

2.  The key to successful use of these tools is appropriate designation of the system to be analyzed - what components are to be included in the system, and what is to be relegated to the surroundings.  



In general,the more components one includes in the system, the more one will focus on internal energies and energy storage.  This simplifies situations involving friction. (*see Commentary on Dissipated Energy below.)


The fewer components included in the system, the more one will have to account for energy transfer across the system boundary.  As a result, the larger the system, the simpler the analysis (generally).



By controlling the choice of the system to be analyzed, the teacher can guide the discussion to focus on the energy interactions that are most relevant at that time in that particular lesson.


Guiding questions may help in with energy analysis:


1. What is the system?


2. Where is the energy coming from? (Where is it stored?)


3. Where does the energy go, and/or what does it do? (How does it transfer or flow?)

*Commentary : “Dissipated Energy”



In analyzing the situation of pulling a block along a surface at constant velocity, Arons
  designates the block and the surface together as the system.  In this case, he says the work done by the pulling force is “dissipated.”  This “dissipated energy” becomes “thermal internal energy,” which he then calls Etherm.   Etherm is one kind of internal energy (others include chemical potential energy, elastic potential energy, etc.) and is the energy of the random molecular motion of the system. It  is thermal internal energy due to internal (microscopic) interactions, which we perceive as a change in the temperature of the system. It is important to recognize that the change in temperature of the system is NOT  due to the addition of energy by external heating, but is instead a result of the change in internal energy of the system.



 To avoid the  confusion and connotation with heat that the word thermal would probably cause (since at the initial, introductory level the issue of heating will not be addressed), we are using the term Ediss in the same sense that Arons uses Etherm. It seems likely that using the word “thermal” prematurely could lead to misconceptions about heat and temperature.  



We will designate Ediss as the energy dissipated due to frictional forces.  This is equivalent to  Arons’ Etherm.  However, Ediss in this unit will also include other dissipative mechanisms such as sound and light and deformation of the object. (Arons uses a separate term, Emisc to designate these other mechanisms.)



With proper use of the pie charts, it will be obvious that this dissipated energy is not lost, (ie, gone) but is still within the system. The difference is that the energy is no longer “usable” or easily measurable, or recoverable.  This is a subtle distinction, and one that students may have to wrestle with and get a feel for.  The reversibility or irreversibility of a process may be somewhat helpful in elucidating this idea of dissipation.




To tie Ediss in with the money analogy, dissipated energy is analogous to the service charges that the bank incurs for transactions - it is money that is still within the system, but is lost from our account, never to be recovered!
Representational Tool #1: ENERGY PIE CHARTS
Goals  and Notations of Usage: 

1. 
Goal: to qualitatively represent changes in internal energies/energy storage (including energy “dissipated” due to the effects of friction-see Commentary on Dissipated Energy above) as a system undergoes some process.  Pie charts are NOT designed to address energy transfers across the system boundary, but they can be adapted to include this, and this will be done in some of the later unit addenda.

2. 
Goal: to qualitatively represent the Conservation of Energy and the First Law of Thermodynamics

3. 
The energy notation in the pie charts should be E__, with subscripts indicating the source of the internal energy.  These will generally be Ek (kinetic energy, defined as the energy of motion) , Eg ( gravitational potential energy, a type of interaction energy), Eel   (elastic potential energy-again, interaction energy), and Ediss (energy dissipated to internal thermal energy  due to friction, or other mechanisms such as sound and light)

This E__ notation, as opposed to KE, or GPE, or EPE is used for two reasons:

1. 
It stresses the universal nature of energy - it’s all energy.

2. 
In this energy unit, we will use E__ to indicate the mechanisms of energy storage involved in these various types of internal energy.


Symbols of energy transfer ( across the system boundary) will be Q (heating as energy transfer due to temperature difference, R (radiating), and W (working as energy transfer by an external force).  These terms (Q, W, and R) will not be used with the pie charts, since the pie charts focus on energy storage and internal energy changes.
Examples of Pie Chart Usage
Example 1:  a spring-launched toy which is propelled into the air

system: spring and toy object
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Corresponding Pie Charts:
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Analysis
1. 
It is critical to identify the system first.  In this case, if the spring were NOT included in the system, the toy would initially have no energy, and the spring would then transfer energy to the toy by an external force across the system boundary (work).  This is more complex, and is difficult to represent using the pie charts, which were designed only to address internal energy changes, not energy transfers across the system boundary.



Try to identify the system so the energies are internal when using the pie charts.  The goal is to focus on energy storage.  The key is to make the system as inclusive as possible. It is recommended that the earth always be included in the system, so that Eg can always be considered an internal energy, rather than thinking in terms of the "work done by gravity."

2. 
Notice that the sizes of the circles are all the same.   This is the implicit representation of the Conservation of Energy.  If the toy were launched by a stronger spring, the circles would be larger.
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The divisions in the pie show the relative amounts of the energies.  For example, if point #3 had been when the toy was only 1/4 of the way down, then only 1/4 of the circle would be Ek, and 3/4 would be Eg. 

 

The students need to be reminded that while these are qualitative, the relative sizes of the slices of the pies should be reasonable.  For example, Ediss due to air resistance in most cases should probably be a small slice of the pie, not a large proportion.

Example 2: A ball rolling on the floor, coming to a stop due to friction


system: ball + floor
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Analysis:
1.  Ek includes both translational and rotational motion.  It is the energy of motion.
2. 
Ediss = dissipated energy.  It is a simple, qualitative way to account for the “loss” of energy of motion.  It is shaded in to represent that the energy is no longer usable or accessible.

3. 
The system includes the table top in order to maintain the representation of  conservation of energy.  If the system were only the ball, the circles would have to get smaller as the energy of motion of the ball decreased and the dissipated energy left the system (the ball).  Some of the dissipated energy does in fact go to the internal energy of the ball, but not all - some of it goes to the table top also.  So if the table isn’t included in the system, the circles would necessarily have to shrink as energy left the ball.  This would be a confusing situation to reconcile with Conservation of Energy, and should be avoided!
Representational Tool #2:  BAR GRAPHS AND ENERGY FLOW DIAGRAMS



These are more detailed and complex than the pie charts.  The bar graphs are more quantified, and the energy schema diagrams provide a mechanism for accounting for energy transfers into and out of the system, across the system boundary.



The bar graphs represent the internal energies (energy storage).  The system schema diagram shows the process occurring pictorially, representing the energy transfers into or out of the system using quantified arrows.


Again, the questions that will guide the proper use of these tools are:


1. 
What is the system?


2. 
Where does the energy come from?


3. 
Where does it go?

Steps in constructing a bar graph/energy flow  representation

1. 
Identify the system.  Now it will be much easier to deal with smaller,  more isolated systems than when using the pie charts.

2.
Draw a pictorial representation of the system inside the schema diagram.


3.
Identify the initial energy storage (internal energies), and represent them with relative quantified bar graphs.

4.
Identify the resulting  final internal energies with final bar graphs.

5.
Identify the energy transfer(s) that occur across the system boundary to cause the changes in the internal energies, and represent the transfer with quantified arrows pointing into or out of the system schema diagram.

In summary, you will use bar graphs to represent the Initial and Final energies, and the energy schema diagram to represent the During processes.  The difference in the Initial and Final energies is the change in internal energy, ∆E, since ∆E = Ef - Ei.  


Thus the bar graphs and energy schema diagram represent the 1st Law of Thermodynamics,    W = ∆E

Examples of Bar Graph/Energy Flow Diagram Usage

Example 1
A person pushes a box from a 0 position up a ramp to a stop.
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system = box + surface of ramp

Corresponding Bar Graphs and Energy Schema Diagram
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Analysis
1. 
Assuming the box starts at a 0 reference point, it has no initial energies.

2. 
Energy is transferred to the system via the external force provided by the person.  This is defined as working. The work arrow is 5 blocks long.

3. 
At the final point, the energy transferred by working done has been stored as the energy of gravity, Eg, and some has been dissipated due to friction, Ediss.


Notice that Eg and Ediss add up to 5 blocks also, in agreement with the Conservation of Energy.

Example 2:  A person lowers a box to the ground.
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system = box + earth

Corresponding Bar Graphs and Energy Schema Diagram
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Analysis:

1.  Initially, the box only has gravitational potential energy, Eg, due to its position above the reference point where y=0.

2.  Afterwards, the box system has no energy - it is on the ground, not moving.


It might be tempting to say that the energy Eg was lost to Ediss.  However, what would it have been dissipated by?  Friction is minimal, and we assume it was lowered gently so it doesn't slam into the ground.  There is nothing internal to the system that would account for Ediss.  Therefore, the energy was removed from the system by the external force of the rope acting onthe box, which lowered the box to the ground.  There was working done by the rope, and since the internal energy of the system decreased (-∆Eg) the working arrow must point OUT of the system, showing that -∆Eg = -W, since energy was transferred out of the system.



*Some students will probably want to account for Echem of the person.  They just need to be reminded that the person is not in the system. If he was,  in the system, then yes, there would be a decrease in Echem, as well as Eg and could be accounted for by an  increase in Ediss,  the person's metabolism.

Example 3
A person pushes a box from a 0 position up a ramp to a stop.
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system = box + surface of ramp

Corresponding Bar Graphs and Energy Flow Diagram
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Analysis
1. 
Assuming the box starts at a 0 reference point, it has no initial energies at point 1.

2. 
Energy is transferred to the system via the external force provided by the person.  This is defined as work (work done on the system.) The work arrow is 5 blocks long.

3. 
At point #2, the energy from the work done has been transferred to the energy of gravity, Eg, and some has been dissipated due to friction, Ediss.

Notice that Eg and Ediss add up to 5 blocks also, in agreement with the Conservation of Energy.
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