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cabin lights on. make the coffee, and show the movie. Signal-processing
systems reduce the noise in air traffic communications and transform
information about the plane"s location into the more meaningful form of a
video display in the cockpit. Engineering challenges abound in the design
of each of these systems and their integration into a coherent whole. For
example, these systems must operate in widely varying and unpredictable
environmental conditions. Perhaps the most important engineering challenge is to guarantee that sufficient redundancy is incorporated in the
designs to ensure that passengers arrive safely and on time at their desired
destinations.
Although electrical engineers may be interested primarily in one
area, they must also be knowledgeable in other areas that interact with
this area of interest. This interaction is part of what makes electrical engineering a challenging and exciting profession. The emphasis in engineering is on making things work, so an engineer is free to acquire and use any
technique, from any field, that helps to get the j o b done.

Circuit Theory
In a field as diverse as electrical engineering, you might well ask w h e t h e r
all of its branches have anything in c o m m o n . The answer is yes—electric
circuits. A n electric circuit is a mathematical model that approximates
the behavior of an actual electrical system. A s such, it provides an important foundation for learning—in your later courses and as a practicing
engineer—the details of how to design and operate systems such as those
just described. The models, the mathematical techniques, and the language
of circuit theory will form the intellectual framework for your future engineering endeavors.
Note that the term electric circuit is commonly used to refer to an
actual electrical system as well as to the model that represents it. In this
text, when we talk about an electric circuit, we always mean a model,
unless otherwise stated. It is the modeling aspect of circuit theory that has
broad applications across engineering disciplines.
Circuit theory is a special case of electromagnetic field theory: the study
of static and moving electric charges. Although generalized field theory
might seem to be an appropriate starting point for investigating electric signals, its application is not only cumbersome but also requires the use of
advanced mathematics. Consequently, a course in electromagnetic field
± e o r y is not a prerequisite to understanding the material in this book. We
do. however, assume that you have had an introductory physics course in
wiiich electrical and magnetic phenomena were discussed.
Three basic assumptions permit us to use circuit theory, rather than
electromagnetic field theory, to study a physical system represented by an
electric circuit. These assumptions are as follows:
1. Electrical effects happen instantaneously
throughout a system. We
can m a k e this assumption because we know that electric signals
travel at or near the speed of light. Thus, if the system is physically
small, electric signals move through it so quickly that we can consider them to affect every point in the system simultaneously. A system that is small enough so that we can make this assumption is
called a lumped-parameter system.
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