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Shattuck, Circuits and Electronics


Circuits and Electronics, by Dave Shattuck

Chapter 1

Section 5

Basic Circuit Elements

The approach that we take in circuit analysis is a modeling approach.  There are real objects that conduct electricity.  Some physical items generate electrical energy, and others use this energy.  We wish to know and predict how these things behave, and know quantitatively what they are doing and what they are going to do in the future.  To do this, we have developed a set of models for these real devices.  We have a relatively small set of fundamental models, which we are going to call Basic Circuit Elements.  We can put these elements together to make models for more complicated objects.  However, for the subset of all circuits that we are considering right now, we only need five elements.  This subset is called linear circuits.

Now, we will have circuit components, which are physical items, whose behavior is very much like the behavior of combinations of the elements we are going to describe.  We will model these circuit components with our circuit elements.  The mindset you want to develop though, should be clear; we are approximating what is really happening, using models that behave like the real components.  Sometimes, as with resistors, we use the same term to describe the physical component and the circuit element that models the component.  It will be important for us to be clear in each case that the element is a model, and that no model can predict all the aspects of the real behavior of physical devices.  Still, the models work remarkably well, which is part of the reason why circuits and electronics have been used in so many engineering solutions.  

One fundamental property of a circuit element is that the behavior of that element is defined and characterized in terms of the behavior of the voltage and current at its terminals.  We say that the characteristics of an element are statements about its terminal characteristics, that is, by the voltages and currents at the wires that come out of it.  

A second fundamental property of a circuit element is that it cannot be broken down into smaller pieces or sub-elements.  If it is an element, you cannot get its behavior by combining together other elements.  In this way, our circuit elements are actually “elements”, which means that they cannot be broken down into smaller pieces.  In this way, we have an advantage over the field of chemistry, where after elements were defined, it was later discovered that these elements could be broken down into smaller pieces, specifically protons, electrons, and neutrons.  Of course, later it was found that those particles could be broken down into even smaller pieces, and those into smaller pieces.  It is not clear when, if ever, this process will end, as physicists study the ever more difficult quest for the ultimate sub-atomic particle.  In any case, we have a huge advantage in circuit analysis, in that our elements do not actually exist in a physical sense.  They are models for reality, and in that sense are purely theoretical.  Thus, we do not expect that they will ever be discovered not to be elemental; we made them up, and we control their characteristics.   

We have five basic circuit elements.  These elements are listed in Table 1.5.1.  These five elements will all be very useful, but for the purposes of simplicity, we will begin by considering the first three of them, voltage sources, current sources, and resistors.  We will discuss the other two later in this book.  

Table 1.5.1.  Five Basic Circuit Elements.  These are the five basic circuit elements, which we will use for the rest of this book.  The first three will be described here, and the last two will be described in greater depth in Chapter ###.  

	Element
	Characteristic

	Voltage Sources
	voltage at terminals is determined

	Current Sources
	current through terminals is determined

	Resistors
	ratio of voltage to current is constant

	Inductors
	voltage is proportional to time rate of change of current

	Capacitors
	current is proportional to the time rate of change of voltage


Voltage Sources

Let us consider the first three basic circuit elements, one at a time.  We begin with voltage sources.  A voltage source is an element where the voltage across the terminals is determined by the value of that voltage source.  The value of the voltage is the defining characteristic of a voltage source.  Any value of the current can go through the voltage source, in either direction.  The current could also be zero.  There does not need to be a current through a voltage source, although in most cases a current does flow.  The amount of current that flows is determined by the other components that are connected to the voltage source.  If we were to anthropomorphize the voltage source, that is, to give it the characteristics of a person, we would say that the voltage source does not “care about” current.  It “cares” only about voltage. 

There are actually two different kinds of voltage sources.  One kind is called the independent voltage source, and the other is called the dependent voltage source.  Both kinds of sources are characterized by the voltage across the terminals of that source.  However, for the independent voltage source, this value is determined by the characteristics of the element.  The voltage is said to be independent of the rest of the circuit.  The dependent voltage source also maintains a voltage across its terminals, but the value of that voltage depends on a voltage or current somewhere else in the circuit.  This value is a function of the value of a parameter elsewhere in the circuit.  This parameter could be a voltage somewhere in the circuit, in which case we call it a voltage dependent voltage source.  This parameter might also be a current somewhere in the circuit, in which case we call it a current dependent voltage source.

We need to be able to picture the connections of elements, one to the other.  We call these pictures schematics.  For our circuit schematics, we need symbols for each of the basic circuit elements.  We have two schematic symbols for voltage sources, one for independent voltage sources, and one for dependent voltage sources.  The symbol for the independent voltage source is shown in Figure 1.5.1, with the three ways it can be labeled.  This rule for schematic symbols, that they must be labeled with at least a variable or a value, or both, will be true for the rest of our schematic symbols as well.  We will not show all three examples in our samples for the rest of the basic circuit elements.  
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Figure 1.5.1.  Schematic Symbol for Independent Voltage Sources.  This figure shows the schematic symbol used for independent voltage sources.  The plus and minus signs should be inside the circle, and indicate the reference polarity for the voltage.  The symbol can be labeled with a variable as in a), with a number with units as in b), or with both as in c).  The specific number of –5.2[V] is only an example, and could take on any voltage value.  

The symbol for the dependent voltage source is shown in Figure 1.5.2, with the two kinds of dependent voltage sources shown.  The schematic symbol is the same for the voltage-dependent voltage source, and for the current-dependent voltage source.  The only difference between them is the label next to it, which shows what it is dependent on.  
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Figure 1.5.2.  Dependent Voltage Sources.  There are two kinds of dependent voltage sources.  The schematic symbol in a) is a voltage-dependent voltage source, and the symbol in b) is a current-dependent voltage source.  The symbol in c) is also a current-dependent voltage source, where the coefficient is a variable.

Note that the voltage vX that the voltage-dependent voltage source depends on, is a voltage located somewhere in the same circuit that the source is located in.  The coefficient 7.5 is an example, and could be any number.  However, this number will be a dimensionless quantity for a voltage-dependent voltage source, since it is the ratio of a voltage to a voltage.  This is in contrast to the current-dependent voltage source, where the current iX is a current somewhere in the same circuit, but the coefficient must have units of voltage-per-current.  Here the units are shown as Ohms, with the symbol [], where an Ohm is defined as a Volt-per-Ampere.  This is a voltage-per-current unit.  We will soon see this same unit as the unit for resistance.  There are some places where this coefficient is always assumed to have units of Ohms, but this approach is contrary to our stated policy that, for all numbers with units, we will show the units.  Thus, for this text, we will show the units for all numerical coefficients.  As always, if we show a current dependent voltage source with a variable representing this coefficient, this variable will not have units shown.

Current Sources

Next, we will consider current sources.  A current source is an element where the current through the element is determined by the value of that current source.  The value of the current is the defining characteristic of a current source.  Any value of the voltage can exist across the current source, with either polarity.  This voltage could also be zero.  There does not need to be a voltage across a current source, although in most cases there is a voltage across it.  The amount of voltage there is across the current source is determined by the other components that are connected to that current source.  If we were to anthropomorphize the current source, we would say that the current source does not “care about” voltage.  It “cares” only about current. 

As we saw with the voltage sources, there are two different kinds of current sources.  One kind is called the independent current source, and the other is called the dependent current source.  Both kinds of sources are characterized by the current through that source.  The value of the current for the dependent current source is a function of the value of a parameter elsewhere in the circuit.  This parameter could be a voltage somewhere in the circuit, in which case we call it a voltage dependent current source.  This parameter might also be a current somewhere in the circuit, in which case we call it a current dependent current source.

We have two schematic symbols for current sources, one for independent current sources, and one for dependent current sources.  The symbol for the independent  and dependent current sources are shown in Figure 1.5.3.
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Figure 1.5.3.  Schematic Symbol for Independent and Dependent Current Sources.  This figure shows the schematic symbols used for independent and dependent current sources.  The arrows should be inside the circle, and indicate the reference polarity for the current.  The independent current source is a circle as shown in a).  The current-dependent current source is shown in b), and the voltage-dependent current source is shown in c).  A voltage-dependent current source with a variable for the coefficient is shown in d).  

Note that the current iX that the current-dependent current source depends on, is a current located somewhere in the same circuit that the source is located in.  The coefficient 7.5 is an example, and could be any number.  However, this number will be a dimensionless quantity for a current-dependent current source, since it is the ratio of a current to a current.  This is in contrast to the voltage-dependent current source, where the voltage vX is a voltage somewhere in the same circuit, but the coefficient must have units of current-per-voltage.  Here the units are shown as Siemens, with the symbol [S], where a Siemen is defined as a Ampere-per-Volt.  This is a current-per-voltage unit.  We will soon see this same unit as the unit for conductance.  There are some places where this coefficient is always assumed to have units of Siemens, but we will show the units.  As always, if we show a current dependent voltage source with a variable representing this coefficient, this variable will not have units shown.

Many students at this stage have difficulty with the concept of a current source.  They recognize the voltage source, since common sources such as flashlight batteries, or the battery in their car, are often modeled with voltage sources.  They are not familiar with items that are modeled with current sources.  We need to make sure that we understand what we mean by these sources, to be able to go forward successfully.  To make this clear, we first explain how our sources relate to what are called ideal sources.  

Many times the sources we have described here are called ideal sources.  An ideal voltage source would be a source where the voltage across the terminals is determined by the source, no matter what is connected to that source.  This is exactly the way we defined the voltage source.  We note that there are no sources where this is exactly true in all situations.  In your car battery, the voltage is fairly close to a constant value much of the time, but when you engage your starter motor the voltage will change, being decreased in value when connected to the starter motor.  The car battery is therefore not an ideal voltage source.  We would prefer to say this in another way; we would say that the car battery cannot be accurately modeled by just a voltage source alone, in some situations.  This says essentially the same thing as saying that it is not ideal, but by saying it in this way we reinforce the idea that we are using basic circuit elements to model reality.  We will be able to make a more accurate model for the car battery by adding a resistance in series with the voltage source.  We will formally introduce the resistance next, although you have probably seen it before.  The point here is that all of these basic circuit elements are models that we use to predict what will happen with actual things.  

Now, we will say, without any real proof at this point, that some things are modeled more accurately with current sources.  While these things are not as familiar as the batteries that are modeled well with voltage sources, there are many such items.  To take just one example, the internal circuitry in most operational amplifiers, a very common electronic chip, has circuit parts that are best modeled with current sources.  We will be able to explain why they are modeled as current sources when we get to them.  Suffice it to say that there are millions of current sources in a personal computer.  In a sense, current sources are extremely common!  Therefore, we need to be able to work with both voltage sources and current sources.  We will consider the question of which one to choose for a model, or even whether we could choose either one, when we have developed some additional circuit analysis tools.  
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