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Shattuck, Circuits and Electronics


Circuits and Electronics, by Dave Shattuck

Chapter 1

Section 4
Energy and Power
A fundamental quantity in circuits and electronics, and in many other fields, is energy.  Energy is fairly difficult to define, and many definitions seem to assume that the concept of energy is already understood.  For the purposes of this textbook, we will not attempt to provide any new ground in this particular subject.  Rather, we will accept the classical definition of energy as the ability to do work.  
This quantity, energy, can take a variety of different forms.  These forms of energy include heat, light, sound, objects with mass in motion, and many other forms.  For example, if we have an object with a mass of 5 [kg], which is moving at a speed of 4 [m/s], we can say that the energy of this object is 

Enter w = ½ mv2 here
where w is energy, m is the mass, and v is the velocity, or speed.  This energy is called kinetic energy.
If this object is slowed to a stop, the kinetic energy must be converted to some other kind of energy.  Perhaps this energy will be converted to heat.  Perhaps, as it slows, a noise will be produced, and some of the energy will be converted to sound.  Perhaps it will strike something else, and cause that second object to move, and so convert the kinetic energy of the first object to kinetic energy of the second object.  There are a large number of possibilities.

For circuits and electronics, it will be assumed that energy is conserved.  While it is possible to convert energy to mass, for circuits and electronics as we cover it here, we will ignore this possibility.  We will assume that energy may change forms, or may change from one object to another, or go from one place to another, but the total amount of energy will remain the same.  This is a key assumption throughout the textbook.  

The rate at which energy moves, changes form, or goes from one object to another, is called power.  Mathematically, we will define power as

Enter p = dw/dt here

where p is the power, w is the energy, and t is time.  This power is a very useful quantity, and tells us about how things are changing with time.  Often the energy is moving at a constant rate, where the power is constant, and this equation is simplified to 

Enter p x t = w

However, this should be recognized as a special case.  Often students who begin in physics are taught this special case as an introduction to the concepts, and this is appropriate at that stage.  At this point, however, it is important that we begin to recognize that these quantities can change with time, and to illustrate this, we write the definition of power in a form that explicitly indicates this time dependence, 
Enter p(t) = dw(t)/dt.

where p(t) and w(t) indicates that these quantities are functions of time.  This will be our formal definition of power.  
It is relatively easy to find power from our electrical quantities of voltage and current.  Using this definition of power, and the chain rule, it follows that

Enter p(t) = dw(t)/dt = dw/dq x dq/dt

We should recognize the quantities here as voltage and current, and so we can write

Enter p(t) = dw(t)/dt = dw/dq x dq/dt = v(t) i(t).

This is the familiar formula for the power, which you have probably seen before.  We have

Enter p(t) = v(t) i(t).

This formula will be used in many different ways.  Note in particular at this point that we can use this to get energy from these fundamental electrical quantities, by integrating power to get energy.  

These concepts are probably familiar to many of you.  However, there is an aspect to these issues that is very important, and may not be familiar.  This is the issue of deciding which way the power or energy is moving.  The magnitude of the energy and the magnitude of the power are important, but so is the direction it is going in.  Is the energy going from object 1 to object 2, or the other way around?  This question is often even more important than the value of the quantities.  We need to develop a systematic way to answer these questions.  The terminology that we use in this discussion involves phrases such as energy absorbed by something, or power delivered by something else.  We need to be very clear about what these phrases mean.  

We might say that there is energy being delivered by a battery.  It is important to note that this phrase assumes the perspective of an electrical engineer, specifically that we are looking at the energy going into or out of the electrical system.  To restate this, let us state the following:  When we say that an object is absorbing energy or power, we mean that the energy or power is leaving the electrical system of interest, through that object.  When we say that an object is delivering energy or power, we mean that energy or power is entering the electrical system of interest, through that object.  The assumption, unless we specify otherwise, is that we are interested in what is happening to the electrical system.
We consider a specific example, that of a handheld flashlight.  In the flashlight, we have one or more batteries and a light bulb.  We will assume the simple case where there is only one battery, and assume that the switch is set so that the light bulb is on.  Now, in the battery, energy is being converted from chemical form, to an electrical form.  The energy is therefore entering the electrical system, which is the battery, wires and light bulb.  We say that the battery is delivering energy, or that energy is provided by the battery.  Note that energy is not being produced from nothing; the energy is being converted in form from chemical to electrical form.  We could possibly look at this as energy being lost from the chemical system, or gained by the electrical system.  We choose, as electrical engineers, to focus on the electrical system, and to say that in the battery, energy is being delivered to the electrical system.  We say that the battery delivers energy.  See the diagram in Figure 1.4.###, where this is shown schematically.  Think of the battery as being a part of an electrical system.  In this system, energy is entering through the battery, being converted from chemical form.  We say that energy is being delivered by the battery, and we mean it is being delivered by the battery to the electrical system.  
In a similar way, in the same flashlight, we would say that the light bulb absorbs energy.  In the light bulb, energy in electrical form is being converted to light and heat energy.  Again, energy is not destroyed, but is rather converted to another form or forms.  The light bulb is where energy is leaving the electrical system, and we say that the light bulb absorbs energy.  Someone might be interested in the light, and say that the light bulb delivers light energy.  They would be correct, but that is not the assumption that we make as electrical engineers.  Rather, we assume that we are talking about the electrical system.  We say that the light bulb absorbs energy.  See the diagram in Figure 1.4.###, where this is shown schematically.  Think of the light bulb as being a part of an electrical system.  In this system, energy is leaving through the light bulb, being converted to light and heat.  We say that energy is being absorbed by the light bulb, and we mean it is leaving the electrical system.  
All of this is about assumptions made when we do not make specific statements about the quantities we are discussion.  We can state specifically that the light bulb delivers light energy, but when we say that the light bulb absorbs energy, we mean that it absorbs electrical energy from the electrical system, and delivers it to another place, to another system, or in another form.  There are a number of other ways these things can be said.  Table 1.4.### shows a series of synonyms for these phrases.  We need to be aware of all the possible of ways of saying these things, since they can all be used in different situations.  There may be other options not shown here.  
Insert Table 1.4.### here, with synonyms for energy absorbed and energy delivered.

In addition, we can make all of these same statements again, but this time in terms of power.  Power is the rate at which energy moves, so the same terminologies will be used for power.  We will talk about power delivered by an object, or power absorbed by another object.  We want to be able to solve for power and energy, but also to be able to determine which way the energy or power is moving.  Specifically, are the energy and the power being absorbed, or are they being delivered?  
Active and Passive Sign Relationships

We will need a system to answer the question about which way energy or power is moving.  To develop this approach, we start by defining the concepts of the active sign relationship and the passive sign relationship.  These sign relationships are the relationship between the reference polarities for voltage and current for an object.  In other places you will find these relationships called sign conventions.  We will use this different terminology, since they are not really conventions or rules, but just the relationship between the way the current reference polarity was defined and the way the voltage reference polarity was defined.  Since reference polarities are arbitrary, they could be chosen in different ways, and therefore we need to be able to handle any combination of choices that can be made.  The sign relationships are the different ways that these choices can be made.  
Specifically, the Active Sign Relationship (ASR) is defined as the case where the reference polarity of the current through an object is in the direction of the reference voltage rise across that object.  Look at the diagrams in Figure 1.4.###.  As you can see in this figure, the current arrow indicates a current going through the object in a reference direction that will go from the minus sign of the reference voltage polarity, to the plus sign of this voltage.  We call this moving in the direction of the reference voltage rise.  Any object can have the references for voltage and current defined in the ASR.  It is not restricted to things that are active in any sense; for the ASR, the word “active” is just a part of the name.  

In contrast, the Passive Sign Relationship (PSR) is defined as the case where the reference polarity of the current through an object is in the direction of the reference voltage drop across that object.  Look at the diagrams in Figure 1.4.###.  As you can see in this figure, the current arrow indicates a current going through the object in a reference direction that will go from the plus sign of the reference voltage polarity, to the minus sign of this voltage.  We call this moving in the direction of the reference voltage drop.  Any object can have the references for voltage and current defined in the PSR.  It is not restricted to things that are passive in any sense; for the PSR, the word “passive” is just a part of the name.  

We are going to use the PSR and the ASR to decide how to write expressions for power absorbed or power delivered.  Stated in words we would say that  (### take phrases and tables from PowerPoint slides)
Note, first, that the issues of PSR or ASR are issues that apply for an object.  By object, we may mean an electrical component, a device, or any other identifiable combination of things.  It could be something like the battery in a flashlight.  It could be something as complicated as a radio, looking at the two terminals that connect to its power plug.  For these considerations we are talking specifically about objects that have two connections to an electrical system.  Thus, there is a voltage across the object, and a current through that object.  In any circuit that we will consider, there are at least two different objects.  The sign relationships for the different objects can be different.  We need to be able to recognize the sign relationship for an object, and remember that this particular relationship applies only to that specific object.  
Example of one car jumping another car.  
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