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Shattuck, Circuits and Electronics


Circuits and Electronics, by Dave Shattuck

Chapter 1

Section 2

Units, Variables, and Notation

The proper indication of units for the quantities we discuss in engineering is crucial for doing our jobs properly.  While there are a number of possible defined units that one could use, there is a system of units that has been internationally accepted by engineers.  This system is called SI units.  The SI units are ### We also use a system of modifiers for our units, which are shown in Table 1.2.2.

While it is clear that using the best possible units is important, it is perhaps even more important to show which units we are using.  This will be an underlying theme throughout this book; it is important to clearly show what units are being used, and to do so consistently.  If we develop the habit of showing units all the time, it becomes second nature to do so, and will not cost much time.

It is common for students coming into engineering to question the importance of showing units.  Many of these students ask a reasonable question, which could be restated as follows:  In practice, won’t everyone know which units are being used in a given field?  To address this reasonable and important question, we relate the story of the NASA mission called the Mars Climate Orbiter.  While there are many places we could look at what happened in this mission, one interesting source is available on the web at

http://sse.jpl.nasa.gov/news/display.cfm?News_ID=232
This web page includes a link to a NASA report, called the “Mars Climate Orbiter Mishap Investigation Board Phase I Report” which includes a detailed explanation of what happened.  An unmanned exploration vehicle called the Mars Climate Orbiter, which was flying to Mars in 1999, had an error in a navigation program.  The error was caused when the engineers in one group used English units in a software program to perform a specific task relating to the navigation of the vehicle from Earth to Mars.  However, this program was interpreted by another engineering group to have used metric units, and as a result the trajectory of the vehicle was in error.  A diagram from this NASA report is reproduced in Figure 1.2.1.  This diagram shows that with the errors, the trajectory of the vehicle was much closer to Mars than it should have been, and the vehicle was lost.  
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Figure 1.2.1.  Diagram of Mars Climate Orbiter Trajectory.  This diagram shows the actual trajectory of the Mars Climate Orbiter (MCO), as reconstructed after the fact.  It also shows the estimated trajectory, which is where the vehicle should have been going.  Because of the difference between these trajectories, the vehicle was lost.  This was caused by a mistake in units.

The cost of this vehicle that was lost was $125 million, according to new reports.  This loss is not discussed here to pile blame on NASA.  Indeed, NASA has acted very responsibly, first in being forthright and open in its discussion of the mistakes that were made.  Every engineer, and every engineering group, will make mistakes, and making these admissions probably reduces the chances that they will make similar mistakes again.  Second, NASA has made significant efforts to study the case, and made several changes in its policies to avoid problems like this in the future.  These changes are described in the report mentioned.  However, this situation, with the large losses involved, has a lesson for all engineers.

While this specific case involved confusion about English and Metric units, there can be confusion even if only Metric units are used.  If one group uses millimeters (mm) and another group assumes that they used centimeters (cm), similar kinds of errors can occur.  The key is that it is important for the first group to show their units, and it is important for the second group to insist that the first group show their units.  In the case of the Mars Climate Orbiter, it could be argued that both groups made an error.  The group that used English units did not show clearly enough that they were using English units.  The group that assumed that metric units were used, did not insist that units be shown clearly.  In your study of circuits and electronics, your job is to show your units clearly.  It is the job of your instructor to insist that you show your units clearly.  

To model this behavior for you in this textbook, we will show units explicitly in almost every step of every situation in the book.  This is probably more than what is really needed.  Good engineering practice is to show units in results, diagrams and plots.  Still, it is assumed here that one cannot be too clear in indicating units.  Therefore, units will be shown throughout the textbook.  

There are many ways that units could be clearly indicated.  The approach that is generally used in circuits and electronics is to attach units to numbers.  There are other fields where the units are associated with the variables, and then the values of these variables are assumed to have those units.  In this field, however, we take the approach that variables are not assumed to have units.  The units come into play when we have a specific value for that variable.  An example of this follows.  

Assume that we have a variable that is the length of an automobile.  For example, assume that a certain Ferrari is 4.55 meters (m) long.  If we define a variable, called lFerrari, we could write
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(Eq. 1.2.1)

However, we might prefer to give this length with different units, and might instead choose to use millimeters (mm), and write
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(Eq. 1.2.2)

Notice that we use the same variable in each case.  In other words, the variable does not have units.  The units are associated with the number, which is the value of that variable.  This is the convention that we will use throughout this textbook.  

There is something else that we will do in this textbook, which is really optional.  We will include our units within square brackets, [ and ].  This is not standard engineering practice.  However, it does highlight the units, and it can avoid some kinds of simple errors.  An example follows here.  As we will see, voltage can be represented by the variable V, which in some cases is capitalized.  In addition, the units of voltage are abbreviated by this same capital V.  So, we could have an equation 
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(Eq. 1.2.3)

In this equation, the V on the left is intended to be the variable for voltage, and the V on the right side is intended to be the unit Volts.  However, this may not be understood, and one could take this equation, subtract V from both sides, and write
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(Eq. 1.2.4)

This is not what we intended.  Here, then, to make the situation clearer, we would put units in square brackets and write
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(Eq. 1.2.5)

This should avoid confusion.  However, as we said, this practice is optional.  It will be followed in this textbook in the attempt to emphasize the importance of clearly indicating units.  

Next, we will note that there is a convention used in electronics, which we will follow even in the beginning of this textbook where the convention is not yet important.  This convention relates to the use of uppercase and lowercase variables and subscripts to indicate time dependence, and to differentiate the time-varying and constant components of a variable that changes with time.  Suffice it to say that since it will become an important distinction later, we will immediately start using variables with lowercase letters, and subscripts with uppercase letters, for all quantities which could change with time.  So, from this point forward, we will express voltage, current, power, and energy with lowercase variables with uppercase subscripts.  We might have expressions such as
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(Eq. 1.2.6)

We will express resistance, inductance and capacitance with uppercase variables, since at the beginning of the book these quantities will be assumed to be constant.  Thus, we might have expressions such as
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(Eq. 1.2.7)

These variables and units may not be familiar to you at this point, but they will all be defined in detail later in the text.  While this convention is not important to us right now, adopting this habit of using the proper case for our variables will be of benefit when we get to the subject of electronics.  
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