TEXT NOTES: ENERGY AND ENERGY TRANSFORMATIONS

      
Everyone seems to know what energy is, until they have to describe it in words.  First of all, you have to understand that energy is not a concrete substance like rock, water, or air.  You can't put it in a bottle and see, smell, taste, touch or hear it.

      
Energy is a PROPERTY of an entity (a thing, substance, or wave).  It describes something in the same way that temperature, phase, or any other property describes an entity.  Just as there is always an entity that has a temperature or phase, so there is always some entity that has or contains the energy.  A bomb has energy. So does gasoline.  So does a boulder ready to fall from a cliff.  A speeding bullet contains energy.

     
Sunlight also has energy.  But sunlight is not a thing or substance.  It is a wave.  The term entity is very useful when talking about energy because it includes waves along with things and substances.  Energy is a property of any of these three.  An earthquake sets off vibrations that contain enormous energy, but a vibration is not a thing.  Ocean waves are said to have energy, even though they are not things or substances.   However, in general waves travel THROUGH things or substances, called the wave’s medium.  Vibrations usually travel through solids, sound waves usually travel through gases, surface waves usually travel on top of liquids such as lakes and oceans.  When talking about waves, you must train your mind’s eye to separate the wave from its medium.  Besides energy, waves are described with properties such as wavelength, speed, amplitude, direction, and frequency that are very different from the properties that are used to describe its medium (temperature, phase, composition, etc.).   

There is one big exception to the rule that waves travel through a medium.  The exception is light and radiation.  (To be more precise, the exception is electro-magnetic radiation, if you are familiar with this term.)  Saying that "energy is in the wave" is particularly useful when it comes to light waves and radiation.  Light, infra-red radiation, X-rays, micro-waves, radio waves, etc. do not need a medium to travel.  They certainly can travel through many materials like air and glass, but they can also cross empty space.  How starlight can cross empty space without riding on a medium is complicated.  Saying that the wave contains or has energy means that you do not have to figure out these complications to use the concept of energy.

      
Energy as a property is not always easy to identify.  It is not a property that you can sense or measure directly.  Energy is a property that describes what an entity is capable of doing or what processes it is involved in.  A useful analogy for understanding how an entity contains energy would be the way an organism contains life.  It would be difficult for you to make an exact list of signs that indicate life.  How can you tell the difference between a dead tree and one that is dormant for the winter?  But for most forms of life, you have a good feeling for what is alive and what is not.  An object may contain energy in much the same way as an organism may contain life.  Just as your instincts are good enough for identifying most forms of life, so they are usually good enough for identifying most entities containing energy.

RECOGNIZING AN ENTITY THAT HAS ENERGY

      
Many of our instincts about what does and does not have or contain energy are quite reliable.  Most people agree that food has energy.  Fuels, like oil, wood or candle wax, must have energy since they can burn.  But sometimes it is difficult to decide. A good way to identify an entity (thing, [image: image1.jpg]


substance, or wave) that has energy is the following:  IF AN ENTITY IS CAPABLE OF DOING DAMAGE, THEN IT HAS ENERGY.  If it can make an event or process happen, then it has energy.  The more damage it is capable of doing, the more energy it has. A flame contains energy since it could burn your skin – it makes an event occur.  An unburned match also contains energy since it is capable of producing a flame.  A speeding car contains energy – it can be the cause of accidents.   If you stick your finger into a light socket, you quickly understand that there must be some energy somewhere in the electrical wiring system.  A stretched rubber band can sting if it is released and hits you.  Even sounds can be so loud that they can damage your eardrums. If you stare at the sun for a long time, you can damage your eyes. Therefore, the sunlight has energy.  So an entity contains energy if it:

· is a fuel (gasoline, oil, wax, wood, hydrogen, etc.)

· is a food (“fuel” for organisms such as meat, vegetables, sugar, carbohydrates, etc.)

· is capable of doing damage – it can make an event or process occur.
A thing does not have to be doing damage in order to have energy.  It only has to be capable of doing damage.  Gasoline is capable of burning, even if it is just sitting there stored in a tank.  If somebody stretches out a rubber band and points it at you, you worry.  You wince because of what could happen.  If somebody gives you a stick of dynamite, you are worried about keeping it in your bedroom because it might blow up.  If you walk under a boulder balanced right at the edge of a cliff, you are worried that it could fall on you.  These things have energy because they are each capable of doing damage.
      
There are some things that you might think have energy, but really don't.  For example, consider a razor blade.  Your first thought is to say that a razor blade can do a lot of damage, so it must have a lot of energy.  Wrong!!  A razor blade itself does not contain any more energy than any other similar piece of metal.  Now, a moving razor blade does have energy, but its energy is a result of its motion.  The fact that it has a sharp edge only means that it is particularly good at doing damage when it finally hits something.  If the razor blade were to hit on its flat side, it wouldn't do much damage at all.  The sharp edge concentrates the damage into a very small area.  Therefore, in that small area, a great deal of damage can be done.

THE FORMS OF ENERGY:

     
Energy is a property, but there are eight different forms of energy.  So there are actually eight different energy properties.  The easiest way to identify these different forms of energy is to look at a long list of entities that contain energy and then put them into groups that seem to have energy in the same way.  The forms are named after how an entity contains energy.  For example, the energy in a stretched rubber band might seem to be the same type as the energy in a compressed spring.  It is.  However, this energy is very different from the energy in a speeding bullet.  Which is very similar to the energy in the wind (“speeding air”) but very different from the energy in a car battery. 


In all there are eight forms of energy.  Seven of them are familiar to you because they are contained in things that you are familiar with.  The eighth one, NUCLEAR (or MASS) ENERGY, is not very familiar to most people.     The eight forms of energy are:

	ENERGY FORM
	DESCRIPTION

	KINETIC ENERGY (Energy of Motion), Ek
	A property of things or substances (not waves) that are moving from one location to another.   The things must have mass, even if as small as a quark.  (Waves move, but have no mass, so they have no kinetic energy.)

	POSITION ENERGY,  Ep
	A property that describes things that can fall or can continue to fall because of gravity. (Also called Gravitational Potential Energy, and thus often shortened to Potential Energy)

	THERMAL ENERGY,  Eth
	Is gained or lost in things or substances that change temperature or phase.

	CHEMICAL ENERGY,  Ech
	A property of things and substances that change composition, like foods and fuels, usually giving off thermal energy in the process.

	WAVE ENERGY, Ew             
	A property of all waves, such as surface (water) waves, sound, vibrations, light and radiation, seismic waves.

	ELASTIC ENERGY,  Eelas          
	A property of things that are stretched or compressed and then rebound to their original size or shape.

	ELECTROMAGNETIC ENERGY,  Eem
	A property of electrons moving from atom to atom within a substance as well as a property of magnets. 

	NUCLEAR ENERGY (MASS ENERGY),    En
	Contained in all matter.  Matter can be converted into thermal or wave energy:  En = mc2


ENERGY TRANSFERS BETWEEN THINGS, SUBSTANCES, AND WAVES (ENTITIES)

     
Energy is a property, but it is different from all the other properties you have studied so far.  Energy "flows" from thing to thing.  DURING A PROCESS, ENERGY IS TRANSFERRED BETWEEN ENTITIES.  We talk about energy “contained” in an entity because of this pattern of flow, even though the word “contained” makes it sound as if energy is a substance.  Whenever something happens, like a car accident, a tree growing, a snow storm, or people breathing, there is energy going from one thing/substance/wave to another.  When you say something contains energy because it is capable of doing damage, then there must be at least TWO ENTITIES involved: the one that is doing the damage, and the one that is being damaged.  When a bullet hits a person, the energy in the bullet goes into the person.  The bullet loses energy, and the person gains energy.  When two people are see‑sawing, energy is being transferred between them.  A car's transmission transfers energy from the engine to the wheels.

     
There is a very useful term that puts many of these ideas together: INTERACTION.  What is an interaction?  First, there must be two entities involved.  An entity can't inter-act with itself.  And during any interaction, there is a transfer of energy from one to the other.  This transfer is what you actually think of as an ACTION.  Somehow the system that receives the energy is changed, and the system that loses the energy is also changed.  So there is always at least one interaction during any process.  There is an interaction between a car and a tree during an accident.  There is an interaction between you and sunlight when you get a sunburn.  But when a book is just sitting on a table, there is not an interaction. Nothing is happening.  There is no energy transfer between the book and table.


Even the process of FALLING is an interaction.  You could not fall unless there was gravity, and the gravity comes from the Earth.  Falling is an interaction between the Earth and the thing that is falling.  Another example of an interaction that is not so obvious is using a ramp to raise something.  If you were to push a cart up a ramp, the cart and the ramp are interacting.   Or consider an inflated balloon that zips around the room when it is released.  It might seem like the only entity involved is the balloon, but the air inside it is just as important, even though you don’t notice it.  As we will see shortly, interactions such as falling and zipping balloons are often easiest to analyze by just concentrating on one of the entities and ignoring the other.   The danger in such analyses is that you will start to think that there isn’t a second entity involved.  But there is.  There always is. 
ENERGY TRANSFORMATION

     
During most interactions, energy is also transformed.  In other words, it is changed from one of the eight forms to a different one.  A speeding car contains kinetic energy.  When it hits a tree, much of it is transFERRED to the tree and also transFORMED into mostly thermal energy of both the tree and the car. When a tree grows, the wave energy in the sunlight is transFERRED to the tree’s leaves and transFORMED into the chemical energy contained in the tree's wood.  Since the sunlight has been absorbed and no longer exists, all of its energy is transferred to the leaves and then to the wood.  When you breath, the chemical energy contained in the sugars in your blood is transFERRED to your muscles and transFORMED into kinetic energy as your muscles and lungs expand and contract.

EXAMPLES OF ENERGY FLOWING THROUGH SYSTEMS
An interesting example is that of a pole vaulter.  The pole used by a pole vaulter is flexible, meaning that it readily stores elastic energy.  The athlete starts a jump by standing at the beginning of a short running track that leads up to the bar that is to be vaulted. Standing quietly with the pole in hand, the athlete's energy is in the form of chemical energy in her blood’s glucose, derived from previously eaten food. You could easily ask from where this chemical energy came, following a chain of energy transformations backwards.  However, this example is concentrating on the energy transformations occurring during the pole vault and so we will start with the energy in her blood’s glucose.
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As the athlete runs down the track, her muscles transform the chemical energy in the glucose into the body's kinetic energy.  In the process, the muscles also produce a considerable amount of thermal energy, as is evidenced by the athlete's sweating and skin turning red.  At the end 
of the track the athlete thrusts the pole ahead of herself into what is called the receiving box.  The pole bends and the athlete slows to a stop. In other words, the kinetic energy of the athlete is transformed into the elastic energy of the pole.  You could say that the athlete’s kinetic energy flows into the pole’s elastic energy.  The athlete then certainly uses muscles to jump vertically towards the bar. However, most of the energy of position needed to clear the bar comes from the elastic energy stored in the pole.  The energy of position at the top of the jump is transformed into kinetic energy as the athlete falls towards the foam rubber landing mat.  While the athlete is landing on the mat, his/her kinetic energy flows into thermal energy of the mat. The mat changes shape considerably as the athlete impacts it. The fibers in the mat’s foam rubber rub against each other, thus providing the mechanism for the athlete's kinetic energy to be transformed into the mat's thermal energy.

Let’s look at a second example.  Sawing a board in half involves some interesting examples of energy flow. Before you start, your body contains chemical energy. The saw does not contain any energy, at least none that is applicable to this situation. Its teeth only mean that it will be particularly good at channeling energy from you to the board. As you saw the board, your body's chemical energy flows into the saw, giving it kinetic energy. Again your muscles produce thermal energy as a by-product, making you feel hot as you work.  The interesting part of this example is what happens to the saw's kinetic energy. What energy transform​ations are involved in cutting a material?
The temptation is to say that the saw's kinetic energy flowed into cutting the board. But "cutting the board" is not a form of energy.  The tricky part is figuring out what energy transformations are involved when you cut the wood fibers that make up the board.
To figure out what these transformations would be, let’s start with a simple illustration.  What happens when you stretch a rubber band so far that is breaks? Just before breaking, it contains elastic energy. What happens to this elastic energy when the band breaks? For a split second some of the elastic energy is transformed into kinetic energy as the two pieces shrink back to their original size.  As each piece shrinks, its internal layers rub against each other. The elastic energy ends up as thermal energy of the two pieces.  The layers of rubber inside the rubber band shift relative to each other when you break the rubber band and each piece shrinks.  It is much the same way that layers of modeling clay shift relative to each other when you push your finger into a lump.  The layers of clay rubbing against each other produce thermal energy.
Returning to the example of sawing the board, you can imagine a board to consist of a dense package of stretched rubber bands.  As you draw a saw across the wood fibers (i.e. the stretched rubber bands), the sharp saw teeth catch hold of fibers and stretch them until they break. When a stretched fiber breaks it shrinks.  The layers inside the fiber shift relative to each other, thus transforming the kinetic energy of the saw into thermal energy of the remaining wood, including the sawdust.  The thermal energy is great enough at the microscopic locations where the fibers are breaking to actually break the bonds between neighboring cellulose (“wood”) molecules.  

If you have ever touched the saw blade and newly cut wood faces immediately after sawing a board in half, you might have been surprised at how hot they were. All of the chemical energy that you gave up ended up as thermal energy of the wood.
An acoustic guitar is good third example of energy flow.  The kinetic energy of your hand and fingers that you give the strings when you pluck them is quickly transformed into wave energy of the string.  The string does not have kinetic energy since the string does not jump off the guitar and fly across the room.  It does not change location as a whole.  In an acoustic guitar the wave energy of the string is transferred, through the guitar bridge, to the body, which begins to vibrate.   These vibrations are wave energy of the guitar’s body.  The large surface area of the body means that its vibrations are then passed on to the air surrounding it.  The wave energy in the air is commonly known as sound.
The process is somewhat more complicated in the case of an electric guitar, our fourth example.  The wave energy of the vibrating strings is transformed into electrical energy with the help of several electrical pick-ups directly under the strings.  The electrical energy is then transformed into wave energy (sound) by means of a loudspeaker.  This intermediate link of electrical energy in an electric guitar gives the electric guitar  a great deal more flexibility than a classical guitar because the electrical energy can be easily modified electronically before being passed on to the loudspeaker.

ENERGY INPUT AND OUTPUT TO SIMPLE PROCESSES

Energy transformations are diagrammed using links and arrows.  A link has two parts: the symbol for the form of energy and the entity  (a thing, substance, or wave) to which it belongs.  For example, a link for the chemical energy in a lump of coal would be Ech(coal).  A link for the elastic energy in a stretched rubber band would be written as Eelas (rubber band).    The kinetic energy of a toy airplane flying across the room would be written as Ek(plane).  The noise of a whistle blast might be Ew(blast).  Notice that you have a good amount of leeway in naming the entity.  The entity name doesn’t have to be precise or long – it just needs to be enough for you to imagine what it is.  

Simple processes are described with an input energy (form + entity) and an output energy (form + entity).  They are connected with an arrow showing the direction of the energy flow and the arrow is labeled with the process.  For example, the transformation of the wave energy in sunlight to the chemical energy of the plant material during the process of photosynthesis would be diagrammed as:


.

The input energy link is at the beginning of the interaction and its entity loses energy.  The output link is at the end of the interaction and it gains energy.   

 Example: In shooting a rock with a slingshot, the input energy is the elastic energy in the stretched rubber band, and the output energy is the kinetic energy of the rock.  First you stretch the rubber band;  then the rock is propelled forward.  


      

     
Often the energy transformation(s) that take place in only one of the entities involved in an interaction are much more interesting than what happens to the other entities.  The best example is falling.  Imagine a falling rock.  Falling is an interaction between the Earth and the rock.  The rock would not fall without the Earth’s gravity.  What is most interesting about the interaction is the transformation of the rock's energy from position to kinetic energy during the fall:



The Earth’s energy does change as well, but figuring out how is both complicated and not very useful for everyday questions and problems.  Or imagine a ball rolling up a ramp.  The kinetic energy of the rolling ball is transformed into position energy of the ball at the top of the ramp.  Notice that this is the opposite transformation than occurs during falling:



This transformation takes place during the interaction between the ball and ramp (and even the Earth and its gravity), but the ramp side of the interaction is less interesting.  Or imagine an inflated balloon that is let go with an open nozzle.  The elastic energy of the balloon is transformed into kinetic energy of the balloon.


  Yes, there are energy transfers between the balloon and the air in and around it, but the effects on the air are rarely interesting when answering questions about released balloons.  What is interesting is the energy transformation within the balloon.

One of the most common processes that you are surely familiar with is plugging in an electric appliance to run it.  Using electricity to run devices such as computers, hair dryers or flashlights has an obvious input energy form:  Electromagnetic energy.  But of what?  The easiest way to think of the entity is that the electromagnetic energy is in the cord that attaches the device to the wall plug or battery.   So the input energy is Eem (cord) or Eem (wires).   Even a battery inside a device like a cell phone is attached to its mechanism with wires that are buried inside it.  When you plug something into the wall socket the details of how this energy comes from some electric power plant run by the electric company are no more necessary than the details of how a battery can produce electricity.  The cord or wire contains energy since it could do a lot of damage if you were not careful while it was plugged in.
The output energy form depends upon the appliance or device.  The output of a flashlight is Ew of the light.  The output of a fan is Ek of the fan blades.  The output of a heater is Eth of the heater.  What about the process?  The process of using electricity is electric current.  Whenever you use electricity there is an electric current that is flowing through the cord or wires.    Putting these pieces together for the process of using an electric heater would be 





THREE REASONS WHY ENERGY IS AN UNUSUAL PROPERTY

As a property, energy is very unusual.  You have studied and used properties such as mass, temperature, phase, composition, and density to describe things and substances.  You might even be familiar with properties such as wavelength and frequency that describe waves.  Energy is a property, too, but it is more difficult to understand that these familiar properties for three reasons:

1. Energy has eight (!) different forms.  None of the familiar properties has forms or types.

2. Which form(s) of energy you identify for describing an entity depends upon the context of the entity and the question you are asking about it.  For example, if you were asked to identify the form of energy in a rubber band stretched between your hands you would almost certainly say elastic energy.  You would probably not bother to include its chemical energy, even though it is made out of rubber that burns well as a fuel.  The normal context of a rubber band is as an entity that is stretched around something, not as a fuel.   The rubber band also has position energy since it could fall from your hands to the floor.  Yet the amount of position energy is so small that you ignore it (it could damage a mosquito that it fell on, but that’s not a lot of energy).

3. We talk about energy as if it were a substance, using phrases like “contained in an entity” and “flowing from one entity to another.”  Yet it is not a substance; it is a property.  There is no such thing as “pure” energy, meaning there is no such thing as energy that exists outside of an entity.   When the concept of energy was first being developed two to three hundred years ago scientists thought that it was actually a substance, and even gave it a name: caloric.  They were wrong. The reason that we talk about it as a substance is that the amount of energy stays the same during any interaction.  The energy might move from one entity to another and it might change forms, but the total amount of energy before an interaction always equals the amount after the interaction.  The next energy concept you will learn is Conservation of Energy, that simply says the amount of energy can’t change before, during, or after an interaction.  You will find that a fundamental law of science is that the numerical values for the total energy of interacting entities is the same before and after the interaction, as if there were a substance, like caloric, that might be exchanged among the entities but cannot be spilled, lost or created.  This aspect of the energy property is highly unusual.  

THE DIRECTION OF ENERGY FLOW IS SET BY THREE PATTERNS 
     
There is a direction of energy flow during an interaction, but it is a direction in time, not location.   During an interaction there is an entity that is giving up energy and there is an entity that is gaining energy.  This is the first pattern to the direction of energy flow.  Energy is flowing from the one that is losing energy to another that is gaining it.

The second pattern is that this flow takes place in time:  First one entity has the energy, then, at some later time, the other does.  The input energy is at the beginning of the process and the output is at the end.  Input energy is lost as output energy is gained during any process, And this process takes time.  
    
In interactions such as falling, the obvious flow of energy is not from entity to entity.   The energy transformation takes place within the falling object.  It is somewhat like the example of the released balloon flying around in the air.  The most obvious transformation is from the elastic energy of the balloon to its kinetic energy.  Technically, falling is an interaction between the Earth and the falling object, and energy does transfer between them, just like it transfers from and to the air in and around the balloon.  However, in the process of falling the flow of energy to and from the Earth is much less obvious than the change in energy in the falling object.  With a falling object, you refer to the object’s beginning energy (i.e. position energy) and its ending energy (i.e. kinetic energy) forms.  There is the sense of a direction of energy flow from one form to another.  One form existed in time before the other.  In the process of falling, first the object has position energy.  Then, as it falls, the position energy is transformed into kinetic energy.

The third pattern to the direction of energy flow is cause-and-effect.  Energy flows from the cause of the interaction to the effect of the interaction.  Using the example of the pole vaulter, the reason that the pole bent was the athlete’s kinetic energy.  The cause of the heat coming from a heater is the electricity that it is using.  The heat is the effect of the electricity.  Energy flows from the cause to the effect.   Combining the pattern that energy always flows forwards in time and flows from cause to effect produces the conclusion that the cause always occurs before the effect.  This might sound obvious to you, but it is a basic principle.  There is always a time difference between the cause and the effect – they can never occur at the same time.  It is much like saying that no process occurs instantaneously.  Every process takes time, even if that time is very small, such as the time for the electricity from a flashlight battery to illuminate the bulb.  

	INPUT ENERGY
	
	OUTPUT ENERGY

	Decreases during the interaction
	
	Increases during the interaction

	Occurs first, at the beginning of the interaction
	
	Occurs second, after the interaction

	The cause of the interaction
	
	The effect of the interaction


A summary of the three patterns to the direction of energy flow:
FRICTION PRODUCES THERMAL ENERGY


There is one transformation that occurs in almost all processes.  This is the transformation that results from friction, which is best thought of as a process itself.  Whenever an object or substances moves, it always rubs against something, and friction occurs where rubbing occurs.  Whenever friction occurs, thermal energy is produced.


  There are three possible mechanisms for friction to occur:

1. Rubbing:   Friction occurs between two objects or substances that are in contact with each other and one is moving relative to the other.  Friction occurs at the boundary between them and thermal energy is produced. Since the thermal energy is produced from the kinetic energy of the moving object(s), they object(s) will slow down as they both warm up.  Both of the rubbing objects gain thermal energy, but usually the gain in one of them is more obvious.  So you rub your hands together to warm them up.

2. Deformation:  Whenever the shape of an object or substance changes, the internal layers of material slide and rub past each other.  It is impossible for anything to change shape (i.e. deform) without some kind of internal friction.  The deformed object heats up as kinetic energy of the moving layers is transformed into thermal energy of the shape-changing object.  A good example of internal friction is your moving muscles.  Whenever muscles move (Ek (muscles)) internal friction occurs between the muscle fiber layers and the muscles warm up: they produce considerable thermal energy.  Any flowing fluid, such as water or air, consists of many, many “layers” that flow at different speeds, generating internal friction.  Sometimes the flow is what is called turbulent, with much, much more internal friction than if it is flowing in streamlines. 
3. Elastic Rebound:  Often when two objects collide, such as a ball bouncing on the floor, their shapes don’t seem to change.  The ball starts out round and ends up round.  But that doesn’t mean it was round throughout the split second while it was colliding with the floor.  The ball deformed and then rebound to its original shape.  A hammer hitting a nail doesn’t seem to change the nail’s shape, (at least it doesn’t if you hit it straight), yet the nail head did change shape and then rebound as the hammer head was in the process of hitting it.  During elastic rebound you have two deformations for every interaction.  First, the entity deforms under the impact.  Then, it deforms again as it rebounds to its original shape.  Each deformation process produces thermal energy through internal friction.  So elastic rebound tends to produce close to twice as much thermal energy as just simple deformation.  Usually one of two interacting entities deforms more than the other, and sometimes it is clearest to focus on just one. For example, when a leaf hits the ground you would focus on the deformation of the leaf more than how the ground is deformed.  The head of a nail hit by a hammer doesn’t seem to have any different shape before and after it was hit.  However, the nail head does deform during the split second that the hammer is actually striking it.  The metal nail head rebounds to its original shape quickly after the impact is over, and this rebounding is also a deformation. 

Processes in which a thing or substance changes shape can often be difficult to describe in terms of energy transformations.  If something changes shape but can or does rebound, like a spring or rubber ball, then the energy is stored as elastic energy while it is deformed. If the thing changes shape and will not rebound, like chewing gum clay, then the energy has turned into thermal energy through internal friction. 

TWO IMPORTANT GENERALIZATIONS ABOUT ENERGY TRANSFORMATIONS.
All three of the above examples of energy flow, as well as any others, illustrate two important generalizations that can be made about the process of energy flow.  The first is that there is no beginning to the chain of energy transformations.  The second is that all chains, if followed far enough, eventually lead to thermal energy.
The definition of energy includes the fact that it cannot be created. Any energy that a system receives must have come from some other system. But this other system must have received its energy from a third system. And so on.  If there were a beginning to the chain, then the energy was created at the beginning link.  But that is impossible.  Energy can neither be created nor destroyed, only passed on endlessly from system to system, frequently changing its form in the process.
Say the pole vaulter described in a previous section got his/her energy from a sugar cube eaten five minutes before the event.  Where did the sugar cube get its chemical energy?  Sugar comes from a plant, either the sugar beet or sugar cane, depending upon your geographical location.  The plant that gets its energy from the radiation emitted by the sun.  Where does the radiation come from?  From the extremely hot surface of the sun.  Where does all the thermal energy of the sun come from? From the nuclear energy contained in a hydrogen nucleus.  Where does....? And so on. The chain is endless.
It is difficult to give any reasons for why energy chains event​ually lead to thermal energy. They do. If you observe enough energy transformations, you will agree that thermal energy is the end result.  The main culprit in the degradation of all energy forms to thermal energy is friction. When molecules rub against molecules, thermal energy is produced.  The molecules themselves move and vibrate faster. Unfortunately, it is virtually impossible to so isolate a system that there is no friction with outside molecules. Although you keep the energy leaks out of your system to a minimum, eventually all of it will leak away into thermal energy.
WEBS OF ENERGY TRANSFERS AND TRANSFORMATIONS

     
Interactions lead to interactions that lead to other interactions, and on and on.  An energy web is a diagram of the multiple energy transfers and transformations that occur at the same time as well as one after the other during a process.  Webs of energy transfers and transformations go on forever.  Along the way, there can be branches.  Branches form when an entity interacts with two or more other entities, or energy is transformed into two or more forms of energy.  Each of these branches becomes the beginning of a short chain within the web, which will almost certainly also branch later on.  Many branching chains form an energy web or energy map.

For example, sunlight interacts with a plant’s leaves.  Some of the wave energy in the sunlight is transformed into chemical energy of the plant.  The plant grows bigger as the leaves use the wave energy to assemble water and carbon dioxide molecules into new plant material.  Some of the sunlight’s wave energy is also transformed into thermal energy - the leaves warm up, too.  These two transformations take place at the same time.  Later, the leaves fall to the ground and you rake them into a pile.  Then you ignite the pile.  As the leaves burn, you see the visible waves (light), you also feel the infra‑red radiation, and you feel the hot air and hot smoke being produced by the fire. The chemical energy in the leaves is being transformed into thermal energy of the burning leaves, which then emit the wave energy of the light and of the infra-red radiation.  At the same time the burning leaves warm the air around the fire.  Because the air has been heated it rises.  The visible light that strikes your eyes is transformed into electrical (electromagnetic) energy by the specialized cells on your eye's retina.  The electrical energy of the retinal cells is transferred to the neurons (brain cells) in your brain, where eventually it becomes thermal energy.  (Your brain warms up slightly!)  Your warmed brain then warms the skull surrounding your brain, which warms your hair, which warms the air surrounding your head.  Webs of energy transformation can also be tracked backwards in time.  So, in this example, the chain of interactions could be traced backwards from the sunlight's wave energy to the sun itself.  All the processes and energy transformations occurring in the sun that ended up producing the sunlight could be added to the beginning of this energy web. 


Sometimes a process is actually two or more separate processes where no energy is transferred between their entities.  For example, re-read the example given above of how sunlight interacts with a plant’s leaves.  The description includes the two processes, “the leaves fall to the ground” and “you rake them into a pile.”  From an energy perspective, neither of these processes is related to the chemical energy in the leaves, nor where the leaves’ energy came from, and neither how it is transformed when you burn them.  From an energy perspective, the two processes of falling leaves and raking leaves are also unrelated to each other.  In an energy web, the connections among these three processes is only when they occur in time.  The energy maps for the three processes could be diagrammed next to each other so that the vertical time scale would illustrate their relationships in time, but there would be no “energy” arrows connecting links among the three.


                                 














                                 


 

                                                                                            


                                                                                    

                                                                                                                                     


                                                                                                                                      


                        

Sometimes it is easier to ignore some links in a web of interactions. For example, consider a car being driven.  The chemical energy in the gas is transformed into the kinetic energy of the car.



This description of the interaction actually ignores many, many links in a very complicated web of interactions that occur in the car's engine, transmission, wheels and even exhaust system.  It would be possible to trace these detailed links, and an auto mechanic would certainly benefit from this detailed knowledge.  But for many purposes, the large‑scale view is adequate: the chemical energy in the gasoline is transformed and transferred to the kinetic energy of the car.  

A STRATEGY FOR DRAWING AN ENERGY WEB

When actually mapping a particular process, the easiest approach is to first draw the main trunk.  Ignore the many details and complications and draw a map that connects the most important inputs and outputs – rarely more than four links, usually two.  The main trunk describes the process at a large scale, as if you were "standing back” from it and just looking for the big features of simple inputs and outputs. So the main trunk that would describe an operating car is the chemical energy in the gasoline flowing to the kinetic energy of the car.  Once you have identified the main trunk, then you can add onto its beginning and its end.  Where did the input link(s) in the main trunk come from?  Where does the chemical energy in the gasoline come from?  Looking at the end of the main trunk, Where do the output link(s) in the main trunk then flow to?  What happens to the kinetic energy of the car?  The car certainly doesn’t keep going forever.  You can also add links that describe the details of what is going on in inside or in the middle of the main trunk.  How does a car’s engine convert the chemical energy in the gasoline?  How does the engine then pass energy on to the wheels?  

HOW TO DIAGRAM WEBS OF ENERGY TRANSFORMATIONS

To draw webs or maps of energy transformations:

1) Draw chains of inputs and output links and any branches vertically. Start at the middle-top of the paper and diagram the most significant energy transfer/transforms down the middle of the paper.  This is the main trunk of the process.  Each connecting line is an arrow with an arrow head indicating the direction of the energy transformation.  Two or more arrows that begin at the same link must have their tails together.  Imagine that you are drawing the branches of a river.

2) The flow of energy is from top to bottom of the map since TIME is proceeding down the paper.  Therefore arrows may not slope UP, since this would mean that a process was going backwards in time.  Neither should arrows be horizontal, since this would mean that something is happening instantaneously.  

3) Label each arrow connecting two links with the process, or a short description of the process, that is causing the transfer/transform.   Use a different color pen/pencil from what you use to write the links.

4) After drawing the main trunk, it can be extended 

a) backwards from the beginning,

b) further on from its various endings,

c) by adding more links into the body of the trunk to add detail (see #5 below).

5) Be aware of the scale at which you are describing the transfers.  You can zoom in and delineate things interacting at smaller and smaller scales. (This would be extending a main trunk as in 4(c) above). A small scale might show lots of detail, but too much detail can sometimes be confusing.  On the other hand, you can make big jumps in describing your transformations, but then you will sacrifice the details of exactly how the energy flowed from one link to the other.

6) Use your judgment to choose a beginning for your diagram.  In general, choose a beginning link that is familiar to you and contributes significant amounts of energy as an input.

7) Some interactions transfer so little energy, or are so unimportant, that you might choose to ignore them. But some people might include them in a web of transfers/transforms because they find them interesting.  So different people will produce maps with different levels of detail.

EXAMPLE:   POUNDING A NAIL INTO A BOARD WITH A HAMMER.

 TIME                                   Ech (arm muscle)

                             

                                     raising hammer over-head         internal friction in muscle fibers
                                              Ep (hammer head)                       Eth (arm muscle)

       Ek (arm muscle)                                       

                                            falling        rubbing friction between hammer and air 

         swinging hammer                                   

                                             Ek (hammer just before                Eth (air around arm)

                                                    hitting nail head)       

                                        pushing                        impact

                                             Ek (nail)               Eth (nail head)       Eth (hammer head)

                        

                                 stretching wood fibers          rubbing friction between nail and wood

 TIME                    

                                      Eelas(wood fibers)                        Eth (nail)   Eth (wood)

ACTIVITY FOR THE READER:

1. The above map does not include any link for the noise that the hammer produces when it hits the nail head.  Insert this link into the map.

2. Translate the following additional processes into links and insert them into the above map:

Imagine that you now use the claw side of the hammer to extract the nail.  You will have to use your muscles to pull on the hammer handle.  If you quickly feel the extracted nail you will notice that it is warm to the touch.  The nail might even squeak as it comes out.  You notice that the hole left by the nail does not fully close.  The wood fibers on either side of the hole must have rebounded to some degree because it is very difficult to slide the nail back into the hole once you extract it.  However, the nail also broke many of the stretched fibers as it was pounded into the wood, just as if you suddenly cut a stretched rubber band.  

ENERGY SWITCHES
Think of turning on a light.  You put energy into moving the light switch, but this energy is not what makes the light bulb put out light and heat.  The electrical energy in the wires is the input to the bulb. The energy of turning the switch allows the transformation between the electrical input and output (both wave and thermal) to take place.  There are many examples of energy switches, such as a burning fuse on a firecracker, striking a match, or the trigger on a gun.  An energy switch is an energy transformation that turns on or off another transformation. 

HOW TO DIAGRAM ENERGY SWITCHES

1) Diagramming an energy switch is done with a broken line

2) The major input energy link that contributes the majority of the energy to the output goes at the top of the switch.

3) The energy link that turns on/off the process (The SWITCH LINK) goes to the side of the switch.

4) The switch link contributes its energy TO THE SWITCH, so its arrow head stops at the switch. 

       TIME                                            Eelec (wires)

                                   

                   Ech (muscles)               

                  turning switch             electric current     

                  Ek (light switch)  

                                                   

                                          

                                

                                                  Eth (bulb)       Ew (light)

      TIME

   Ew (sunlight)                          Ech (plant material)  





input link             process                 output link





Eelas (rubber band)                                              Ek (rock)





Ep (rock)                  Ek (rock)





Ek (rock)                  Ep (rock)





Eelas (balloon)                               Ek (balloon)





falling





rising





Ep (leaves on tree)








Ek(leaves just before hitting)








Eth (leaves on ground)    





Ek (rake)





Ek (leaves)








Eth (leaves in pile)





Ew (sunlight)








Ech (plant)















































Eth (burning leaves)





plant growth; 


photosynthesis





burning





falling





Impact -  elastic rebound friction 





raking





impact





Time





Plant growth and leaf burning





Leaves falling





leaf raking





Ech (gasoline)                                 Ek (car)





moving car





balloon deflating freely





photosynthesis





shooting a rock with a slingshot





Ek (moving entities)                                Eth (moving entities)





friction
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Eem (cord)                                 Eth (heater)





electric current
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