Student Reading: Representing Energy Storage and Transfer

1. 
This reading describes 3 tools we use to help represent energy storage and transfer. These include 1) Pie Charts, 2) System Schema and Energy Flow Diagrams, and 3) Bar Graphs.  These diagrams are designed to show energy states at different stages in a process.  Most often we will look at the stages before (“initial”) and after (“final”) the event occurs, but sometimes, on quizzes for example, we look at diagrams for intermediate stages as well.

2.  The key to successful use of these diagrams is to pay close attention to the “system”. Before doing an energy analysis of the situation you have to decide or you will be told,  which components are to be included in the system, and which are to be considered the outside of the system a.k.a. the “surroundings”.  In physics making this choice is generally known as “defining your system”.  The actual physical event doesn’t change. Your choice of what parts will be considered inside and outside the system will change. 

In general, the more components included in the system, the simpler the analysis.  Here energy is transferred between the storage modes internally. This is helpful in situations involving friction.  The fewer components included in the system, the more complicated the analysis because you have to account for energy transfer into or out of the system, across the system boundary.  So, if given the choice, the simplest analysis will be one that includes all relevant (interacting) parts to be inside the system. 

Guiding questions to help 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?)

Representational Tool #1: ENERGY PIE CHARTS
1. 
Pie charts qualitatively represent changes in how the energy is stored as a system undergoes some process.  Since pie charts are usually used to represent a “whole” include any surfaces causing friction in the system.  Used this way pie charts readily represent the Conservation of Energy in a qualitative way.
2. 
The energy notation in the pie charts should be E with a subscript that identifies the energy storage mode.  These will generally be Ek (kinetic energy-energy stored in motion), Eg (gravitational potential energy-energy stored in the gravitational field between an object and the Earth), Eel   (elastic potential energy-energy stored internally in the stretch or compression of something stretchy), Ech (chemical energy from processes occurring inside the object), and Ediss (energy stored in an internal (microscopic) dissipated form such as when there is friction or when an object becomes deformed in some way). 
3.   An extra note on Ediss: The word dissipated is used not to mean energy is lost but rather to indicate that this energy is no longer “usable” or easily measurable, or fully recoverable.  It can’t transfer back into another storage form for example. Think about the reversibility or irreversibility of a process to decide if there is Ediss and what happens to the amount throughout the process.


To tie Ediss in with the money analogy it is like the service charges that the bank imposes for transactions - it is money that is still within the system that includes your account and the bank, but it is lost from our account, never to be recovered!
4.   The E with a subscript notation, as opposed to KE, or GPE, CPE or EPE that you may see in a physics text book is used for two reasons:

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

B. In this energy unit, we will use E with a subscript to indicate the modes of energy storage involved rather than discuss “types of energy,” as there is only one type of energy.
Examples of Pie Chart Usage
Example 1:  A spring-launched toy which is propelled into the air

System: Earth, spring and toy object
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Corresponding Pie Charts:

[image: image9.bmp]
Analysis

1. 
It is critical to identify the system first.  In this case, everything relevant is included in the system.  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 (i.e. “working”).  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 energy stored is all within the system when using the pie charts.  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 a result of an interaction between the object and the Earth.  This interaction is known as the gravitational field between the Earth and the object and Eg is actually stored in this field which can change shape when the object’s height changes even though we can’t see it.  This is easier to see if both are chosen to be included in the system.
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 and still the same size as each other.
3. 
The divisions in the pie show the relative amounts of the energies.  For example, if point #3 had been chosen 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. 


 **
While pie charts 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 + Earth 
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Analysis:
1. Ek is the energy of motion.
2. Ediss = internal dissipated energy.  It is a simple, qualitative way to account for the transfer of energy stored in the motion of the ball to another storage form. We know the energy is now in another form because of the temperature increase of the surfaces of the ball and floor. This form is termed Ediss. It is shaded in to represent that the energy is no longer usable or recoverable.

3. The system includes the floor in order to maintain the representation of conservation of energy.  If the system included only the ball, the circles would have to get smaller as the energy of motion of the ball decreased and some of the internal energy left the system (the ball) via heating caused by friction to the floor. 
4. The Eg is not mentioned since there is no change in height of the ball; therefore there is no change in the amount of energy stored in the gravitational field between the ball and the Earth.  However, one could choose to include the same amount of Eg in each pie to signify that this storage form of energy stays constant.
Representational Tool #2:  BAR GRAPHS AND ENERGY FLOW DIAGRAMS

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

2. The bars in the graphs represent the energy storage modes.  The system schema diagram shows the components interacting in the process. The energy flow diagram is the representation using quantified arrows pointing into or out of the system to show energy being transferred across the chosen system boundary.  If there are no transfers into or out of the system, then the system was chosen to include all relevant components and the analysis is simplified. No arrows would point into or out of the flow diagram and the initial and final bar graphs must have an equal number of blocks distributed among the correct storage types.
3. The system schema can be drawn inside the energy flow diagram.  A system schema is simply a diagrammatic tool that identifies the objects in and outside of a system and the interactions between the objects within the system and those objects outside of the system.   

4. The Symbol of energy transfer (across the system boundary) we will use is W (working as energy transfer due to interactions with external agents such as via the force of friction).  In upper level physics, chemistry and biology you may use Q (heating as energy transfer due to temperature difference, and R (radiating).

Steps in Constructing a System Schema

1. Identify the objects in the situation that are interacting with each other.  You know when two objects are interacting by determining if they influence each other.  Most interactions occur when there is obvious contact between them.  However, the Earth can interact with an object without any obvious physical contact.  As indicated above this interaction is known as the gravitational field between the Earth and the object.
2. Start to produce the system schema by drawing a circle to represent each of the objects that are interacting.  All objects are represented without any details of their shape or structure.  Additional circles are then added to the schema to represent other objects that interact with the objects of interest. Each object in the schema should be named and an appropriate symbol placed inside each circle to identify which object it represents.

3. Lines are drawn between two circles to represent the fact that these objects interact with each other. Whenever an interaction line ends on a circle, this means that the object represented by that circle experiences an interaction with the object at the other end of the line.  These lines have double headed arrows.  If object J influences object K then object K must influence object J.
4. Draw a dashed box around the system you are interested in analyzing.
System Schema Example 1: A brick is sitting on top of a book which is sitting on top of a table. 
[image: image2.emf]System = Brick, Book, Floor and the Earth’s field
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In this case all of the interactions are inside the system.
Example 2:  How would example 1 change if the system were only the brick and the book?

System = Brick and Book 


In this case some of the interactions cross the system boundaries.  The only interaction that is inside the system is the one between the book and the brick. It’s analogous to your interactions on facebook and if you chose to only look at your group of friends from high school. Connections outside of high school would be out of the system. 
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.  In the example above it would be easier to use bar graphs to do the energy analysis for the brick and the book since the energy flow diagram can help account for the transfer of energy in or out of the system. 
2.
Draw the system schema.


3.
Identify the initial energy storage modes, and represent them with relative quantified bar graphs.

4.
Identify the resulting final energy storage modes with final quantified bar graphs.

5.
Identify the energy transfer(s), if any that occur across the system boundary. Represent the transfer(s) with quantified arrows pointing into or out of the system schema to make the energy flow diagram diagram.

In summary, you will use bar graphs to represent the initial and final energies, and the system schema and energy flow diagram to represent the intermediate 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 system schema and energy flow diagram are representations of the 1st Law of Thermodynamics,    ∆E = Q-W.  In our course we will tend to have examples with Q = 0 so this equation reduces to ∆E = W. 
Examples of Bar Graph/Energy Flow Diagram Usage

Example 1
A person pushes a box, that was initially at rest, across a floor; friction exists




System = person, Earth, box and surface

Schema diagram:


The system schema shows that energy cannot be transferred into or out of the system since none of the interactions cross the system boundary.  Therefore, in the flow diagram no working transfers energy in or out of the system.  

Corresponding Bar Graphs and Energy Flow Diagram









                                                       E initial =  E final
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Analysis
1. 
The box has no initial stored energy but the person does (Ech).  

2. 
Energy is transferred from the person’s stored Ech to other storage forms as the person pushes the box.  Therefore no transfer of energy occurs across the system boundaries so no working is done.  

3. 
At the final state, the energy is now stored partially as kinetic energy and partially as dissipated internal energy, since the box and surface have warmed during the process.

Notice that Ek and Ediss add up to 4 blocks which is equal to the initial 4 blocks of Ech in agreement with the Conservation of Energy.

Example 2
A person pushes a box from a 0 position up a ramp to a stop.















System schema diagram:



System = box + surface of ramp + Earth
The system schema shows that energy can be 
transferred into the system by the person or even out 
of the system to the person.  
Corresponding Bar Graphs and System schema and energy flow Diagram
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Analysis
1. 
Assuming the box starts at a 0 reference point, it has no initial energy.

2. 
Energy is transferred to the system via the external push provided by the person.  This is defined as working.  If the person transfers 5 blocks worth of their Ech into the system by pushing then the working arrow is 5 blocks long.

3. 
At the final point, the energy transferred by working has been stored in the energy of the gravitational field, Eg, and some has been dissipated due to friction, Ediss.

**Note that Eg and Ediss add up to 5 blocks, in agreement with the Conservation of Energy (the total energy in the universe did not change even though the initial and final bar graphs do not match, the total number of blocks does).  5 blocks (Win) = 4 blocks (Eg) + 1 block (Ediss).
Example 3:  A person lowers a box to the ground.











System Schema diagram:



System = box + Earth
The system schema shows that energy can be transferred into the system by the person or the surface.  Energy can also be transferred out of the system to the person or the surface.  

Corresponding Bar Graphs and energy flow Diagram

  E initial > E final
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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 lies motionless on the ground.


It might be tempting to say that the energy Eg was lost to Ediss.  However, it’s difficult to imagine the temperature of the box or its internal structure undergoing significant change.  Friction is minimal, and we assume it was lowered gently so it doesn't slam into the ground.  Therefore, the energy was transferred from the system by the interaction of the box with the person who lowered the box to the ground.  This is a case where the analysis is actually more complicated if the person is included in the system and beyond the scope of this course.

Example 4
A person pushes a box, that was initially at rest, across a floor; friction exists



System = box + surface


System schema diagram:

The system schema shows that energy can be transferred into the system by the person or the Earth or even out of the system to the person or the Earth.

Corresponding Bar Graphs and Energy Flow Diagram


E initial < E final
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Analysis
1. 
The box has no initial energy.

2. 
Energy is transferred to the system (Ech) via the external push provided by the person. The working arrow is 4 blocks long.

3. 
At the final state, the energy transferred to the system is stored partially as kinetic energy and partially as dissipated internal energy, since the box and surface has warmed during the process.

Notice that Ek and Ediss add up to 4 blocks in agreement with the Conservation of Energy.
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