Preface

Computers and special-purpose digital hardware have been indispensable engineering tools for more than five decades. They are used extensively for analysis and design and as system components. Inexpensive and easy-to-use software packages are widely available, making it possible to focus on the problem solving rather than on the programming necessary to obtain a solution. This book is built around the use of a software package, such as LabVIEW® from the National Instruments Corporation or MATLAB® from The MathWorks, Inc. which are in widespread use in both academia and industry. The publisher of this book, National Technology and Science Press, has included the Student Edition of LabVIEW
 with purchase of the text. 
Our goal is to provide an effective and efficient environment for students to learn the theory and problem-solving skills for discrete-time, linear systems. The material is designed to provide appropriate background to proceed into areas such as communications, control systems and signal processing.
This text is intended to be one step in a journey that enables students to learn how to learn. This is in the spirit of the quote by John Gardner
 that “The ultimate goal of the educational system is to shift to the individual the burden of pursuing his [/her] own education.” Some of the text problems are specifically aimed at helping students to develop this capability. We also make frequent use of examples followed by extending concepts from the specific to the general.
We adhere to the axiom that one learns by doing rather than by watching or listening, and, consequently, 250 problems are provided for the reader to solve. We also believe that students need feedback on their work, preferably sooner rather than later. To that end, answers are provided at the end of the text for approximately one half of the 250 problems. 
The prerequisites are a basic background in calculus, ability to manipulate complex numbers, and some familiarity with matrix operations. Appendices review manipulation of complex numbers and matrices. The background that comes with the completion of a first course in electrical engineering is also helpful. It is also assumed that the reader has access to a personal computer. While expertise in programming is not required, familiarity with a programming language is helpful. In addition, the capability to perform some fundamental computer operations, such as creating, editing, printing, and managing files, is needed.
VISUALIZATIONS
To accomplish an effective and efficient learning environment we have adopted an approach in which computer solutions and theory are viewed as mutually reinforcing rather than as an either-or proposition. An integral part of this approach is the inclusion of six LabVIEW Virtual Instruments (VIs) that allow students to explore important concepts from the text.
 Each chapter includes Visualization Problems that require students to use the VIs to solve problems.    The VIs are available on the DTSFA website http:// www.ntspress.com/publications/discrete-time-systems-fundamentals-and-applications . To use the VIs the starting point is to review the Visualizations_README_FIRST file. 
The LabVIEW Virtual Instruments (VI s) are:

1. Sampler

2. Convolution

3. RealPole

4. CCPolePair

5. CirConCor

6. FilterDes

A README file for each of these VIs  is given on the DTSFA website. 

BOOK ORGANIZATION
We begin with an introductory chapter (Chapter 1) that presents the basics of how signals and sequences are described, both analytically and graphically. Some fundamental concepts, nomenclature, and notation for linear continuous-​time and discrete-time systems are discussed and the use of m-files is introduced. Chapter 2 introduces several important aspects of discrete-time systems, including system properties, difference equations and their solution, convolution, and z-transform solution of difference equations. Additional models for discrete-time systems are presented in Chapter 3: transfer functions, system diagrams and state equations.  Chapter 4 describes frequency response methods for discrete-time systems. Discrete Fourier Transform (DFT) methods are presented in Chapter 5, and these techniques are applied to evaluate the convolution and correlation of sequences and to determine frequency spectrum of sequences. The advantages provided by fast algorithms for computing DFTs are also introduced.  Chapter 6 focuses on two major areas: integrating the relationships among the several models presented in the text and discussing applications that illustrate the use of the discrete-time system models and techniques.
CHAPTER ORGANIZATION
Each chapter is organized in the following format.

Preview: An overview, motivation, and historical perspective.

Fundamentals: A development of the important concepts and relationships, including 
examples to clarify the concepts and computational details. Included is the use of m-files in problem solving.
Definitions, Techniques, and Connections: A summary of the important rela​tionships of the 
chapter.

Problems: 
Reinforcement - Practice in applying the basic con​cepts;

Exploration - Guided exercises for the reader to probe new issues or make extensions; and
 

Visualization - LabVIEW Virtual Instruments (VIs) to enable the reader to engage in 



problem solving that develops comprehension of important text concepts.
m-functions Used: A list of the significant computer functions that were used in the chapter.
Annotated Bibliography: Sources of additional information together with a brief statement of 
where the relevant topics are covered.
Answers: Results for approximately one half of the text  problems.
AUXILIARY MATERIALS

The DTSFA website http:// www.ntspress.com/publications/discrete-time-systems-fundamentals-and-applications contains additional materials available to instructors who adopt the text for their classes. Included are:

· A complete solutions manual

· Problem answers

· m-file scripts (programs) for text figures and problem solutions
· Additional problems  and answers

· Sample exam problems and solutions
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A CLOSING NOTE

Bob Strum died in November, 2008. This ended our almost 50 years of friendship and professional collaboration. I first met Strum (as everyone, even his wife, Ione, called him) in 1959. He had taught at Rose Polytechnic Institute (now Rose-Hulman Institute of Technology) for 10 years and in 1958 had joined the faculty at the Naval Postgraduate School in Monterey, California. I was a fresh graduate of WPI in Worcester, Massachusetts having come to the Postgraduate School to work on a masters degree and try my hand at teaching. My initial teaching efforts left a lot to be desired. Strum and I became friends and he began to mentor me on the ins and outs of the teaching/learning process. It was a breakthrough for me and our collaboration eventually led to our co-authoring three books including this latest offering. I was fortunate to have such an excellent and supportive mentor. Strum was an innovative, creative, demanding and beloved teacher. In a poll of previous Naval Postgraduate School students he was named as the outstanding teacher in the Department of Electrical Engineering. 
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� LabVIEW MathScript RT is an add-on module for LabVIEW that is included with the LabVIEW Student Edition packaged with this book. This module is available for both Windows and Mac. LabVIEW MathScript RT gives you the ability to either run the .m files  included with the book or create new ones from scratch. �


� John William Gardner, 1912-2002 was President of the Carnegie Foundation  for Advancement of Teaching from 1955-67,  Secretary of Health, Education and Welfare from 1965-68 and an influential advocate of educational excellence.





� The LabVIEW MathScript RT module includes a structure on the LabVIEW block diagram called the MathScript Node. With the MathScript Node you can to run .m file scripts from your LabVIEW graphical programs (known as virtual instruments or VIs). You can use the MathScript Node to insert textual algorithms into a VI and then use the LabVIEW graphical programming environment to instrument the scripts by adding knobs, slides, buttons, graphics, and other user controls and indicators.








